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Graphs
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)
<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Graphs
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Directed or Undirected Edges

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Neighborhoods: 

<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

<latexit sha1_base64="6Xic1dyScmx5ogd73rBwSTkj2sw="></latexit>

Nv =
�
v0 2 V

�� e = (v, v0) 2 E
 

(degree of vertex)
<latexit sha1_base64="kxY7FbcqASurU86hx4rSdom3WOg=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUlE1I1QdONKKtgHtCFMJpN26OTBzKRQ0oK/4saFIm79Dnf+jZM2C209MHA4517umeMlnEllWd/G0vLK6tp6aaO8ubW9s2vu7TdlnApCGyTmsWh7WFLOItpQTHHaTgTFocdpyxvc5n5rSIVkcfSoRgl1QtyLWMAIVlpyzUPfHaJrNO6GWPUJ5tn9xB2OXbNiVa0p0CKxC1KBAnXX/Or6MUlDGinCsZQd20qUk2GhGOF0Uu6mkiaYDHCPdjSNcEilk03jT9CJVnwUxEK/SKGp+nsjw6GUo9DTk3lKOe/l4n9eJ1XBlZOxKEkVjcjsUJBypGKUd4F8JihRfKQJJoLprIj0scBE6cbKugR7/suLpHlWtS+q9sN5pXZT1FGCIziGU7DhEmpwB3VoAIEMnuEV3own48V4Nz5mo0tGsXMAf2B8/gD33pWC</latexit>

dv = |Nv|

set of “adjacent” nodes

edge e is “incident” to v and v’



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)
<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8
Incidence Matrix:

<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

edges

vertices

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Left Nullspace
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="YGFXEFKrlBpgZVx/pPNCgmxMD5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HBN3F654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuqt79eaV2k8dRhCM4hlPw4BJqcAd1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx9SeI0r</latexit>

= 0
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="uO1emIbQ599eyU89/TzgaU9HI3Q=">AAACGHicbVBNS8NAEN3Ur1q/oh69LBbFU01E1GPRi8cK9gOaUDababt0swm7G7GE/gwv/hUvHhTx2pv/xm0bRFsfDDzem2FmXpBwprTjfFmFpeWV1bXiemljc2t7x97da6g4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcDPxmw8gFYvFvR4m4EekJ1iXUaKN1LFPvQB6TGRBRLRkjyPs4uO58kCEP37HLjsVZwq8SNyclFGOWscee2FM0wiEppwo1XadRPsZkZpRDqOSlypICB2QHrQNFSQC5WfTx0b4yCgh7sbSlNB4qv6eyEik1DAKTKe5r6/mvYn4n9dOdffKz5hIUg2CzhZ1U451jCcp4ZBJoJoPDSFUMnMrpn0iCdUmy5IJwZ1/eZE0ziruRcW9Oy9Xr/M4iugAHaIT5KJLVEW3qIbqiKIn9ILe0Lv1bL1aH9bnrLVg5TP76A+s8TfTvJ0m</latexit>⇥
1 1 1 1 1

⇤

Left

Nullspace

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0



<latexit sha1_base64="nFpDCjqkBfhcc5NcY8Z0rFux6c8="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 0 �1 1 0
0 0 1 �1 0 0 �1 0
0 0 0 0 �1 0 0 1
0 0 0 0 1 0 0 �1

3

77775

Incidence Matrix - Left Nullspace
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="YGFXEFKrlBpgZVx/pPNCgmxMD5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HBN3F654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuqt79eaV2k8dRhCM4hlPw4BJqcAd1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx9SeI0r</latexit>

= 0
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="uO1emIbQ599eyU89/TzgaU9HI3Q=">AAACGHicbVBNS8NAEN3Ur1q/oh69LBbFU01E1GPRi8cK9gOaUDababt0swm7G7GE/gwv/hUvHhTx2pv/xm0bRFsfDDzem2FmXpBwprTjfFmFpeWV1bXiemljc2t7x97da6g4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcDPxmw8gFYvFvR4m4EekJ1iXUaKN1LFPvQB6TGRBRLRkjyPs4uO58kCEP37HLjsVZwq8SNyclFGOWscee2FM0wiEppwo1XadRPsZkZpRDqOSlypICB2QHrQNFSQC5WfTx0b4yCgh7sbSlNB4qv6eyEik1DAKTKe5r6/mvYn4n9dOdffKz5hIUg2CzhZ1U451jCcp4ZBJoJoPDSFUMnMrpn0iCdUmy5IJwZ1/eZE0ziruRcW9Oy9Xr/M4iugAHaIT5KJLVEW3qIbqiKIn9ILe0Lv1bL1aH9bnrLVg5TP76A+s8TfTvJ0m</latexit>⇥
1 1 1 1 1

⇤

Left

Nullspace

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



<latexit sha1_base64="siZc7dS6+1YMtm6SsRCbhdhp+8Q=">AAACLXicbVDLSsNAFJ3UV42vqEs3g8XiqiQi6rKoC5cV7AOaUCbT23boZBJmJmIJ/SE3/ooILiri1t9w+qBo64UDh3Pu5d57woQzpV13ZOVWVtfWN/Kb9tb2zu6es39QU3EqKVRpzGPZCIkCzgRUNdMcGokEEoUc6mH/ZuzXH0EqFosHPUggiEhXsA6jRBup5dz6IXSZyMKIaMmehtjDxTncCXzfnpKiO/dsH0R7PtRyCm7JnRReJt6MFNCsKi3nzW/HNI1AaMqJUk3PTXSQEakZ5TC0/VRBQmifdKFpqCARqCCbfDvEJ0Zp404sDYTGE/X3REYipQZRaDrNfT216I3F/7xmqjtXQcZEkmoQdLqok3KsYzyODreZBKr5wBBCJTO3YtojklBtArZNCN7iy8ukdlbyLkre/XmhfD2LI4+O0DE6RR66RGV0hyqoiih6Rq9ohD6sF+vd+rS+pq05azZziP6U9f0DAkqhTA==</latexit>
1 1 1 0 0
0 0 0 1 1

� <latexit sha1_base64="nFpDCjqkBfhcc5NcY8Z0rFux6c8="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 0 �1 1 0
0 0 1 �1 0 0 �1 0
0 0 0 0 �1 0 0 1
0 0 0 0 1 0 0 �1

3

77775

Incidence Matrix - Left Nullspace
Graph: Vertices

Edges
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|

<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="Vpb/hWQs9rBR+JOgG/Irl+lUEPs="></latexit>2

66664

1 0 0 0 0 0 0 0
0 1 1 0 1 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1

3

77775

<latexit sha1_base64="jt/FasZnWo7oIDu+Dpqb0byEbfA=">AAACqXicdVHbSgMxEM2ut7reqj76EiwWQSgbEfWx6IsPPrRgL9gtJZtO22A2uyRZsSz9N7/BN//G9IL25sDAyTlnmMlMmAiuje9/O+7G5tb2Tm7X29s/ODzKH5/UdZwqBjUWi1g1Q6pBcAk1w42AZqKARqGARvj2ONYb76A0j+WLGSbQjmhf8h5n1Fiqk/8MQuhzmYURNYp/jDwfFzGx6c/l3zsIPLJWmDP8Ly4Z1hnJOsOi0QtAdn8H7uQLfsmfBF4FZAYKaBaVTv4r6MYsjUAaJqjWLeInpp1RZTgTMPKCVENC2RvtQ8tCSSPQ7Wyy6RG+sEwX92JlUxo8YecrMhppPYxC67TzDfSyNibXaa3U9O7bGZdJakCyaaNeKrCJ8fhsuMsVMCOGFlCmuJ0VswFVlBl7XM8ugSx/eRXUr0vktkSqN4Xyw2wdOXSGztElIugOldETqqAaYk7ReXZqTt29cqtu032dWl1nVnOKFsJlP7LOsEI=</latexit>2

66664

0 1 0 0 0 1 0 0
1 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0

3

77775

<latexit sha1_base64="EVO/jepIx6ynZAhb8pchqFa2BBc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqBehqAePFewHtCFsttt26SYbdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2FmXhALrsFxvq3C0vLK6lpxvbSxubW9Y5d3m1omirIGlUKqdkA0EzxiDeAgWDtWjISBYK1gdDXxW/dMaS6jOxjHzAvJIOJ9TgkYybfL137aBfYIqUwgy/AF9u2KU3WmwIvEzUkF5aj79le3J2kSsgioIFp3XCcGLyUKOBUsK3UTzWJCR2TAOoZGJGTaS6enZ/jQKD3cl8pUBHiq/p5ISaj1OAxMZ0hgqOe9ifif10mgf+6lPIoTYBGdLeonAoPEkxxwjytGQYwNIVRxcyumQ6IIBZNWyYTgzr+8SJrHVfe06t6eVGqXeRxFtI8O0BFy0RmqoRtURw1E0QN6Rq/ozXqyXqx362PWWrDymT30B9bnDxlok+Q=</latexit>

Dout =

<latexit sha1_base64="Jkjp4LKXHAQpmem3B7fWuLqkZWs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo9up3x4zpXksH2GSMC8iA8lDTgkYybftOz/rAXuCjMs8x9fYt6tOzZkBLxO3IFVUoOHbX71+TNOISaCCaN11nQS8jCjgVLC80ks1SwgdkQHrGipJxLSXzS7P8YlR+jiMlSkJeKb+nshIpPUkCkxnRGCoF72p+J/XTSG88sxPSQpM0vmiMBUYYjyNAfe5YhTExBBCFTe3YjokilAwYVVMCO7iy8ukdVZzL2ruw3m1flPEUUZH6BidIhddojq6Rw3URBSN0TN6RW9WZr1Y79bHvLVkFTOH6A+szx8pi5NZ</latexit>

Din =

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="ctL7yz/hIkhmsGPjfP7LOtRf1yI=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswp2IWopaWEYwiXB3HHububi498HuXDAc9wds/Cs2ForY2tv5b9x8FBp9MPB4b4aZeWEmhUbb/rJmZufmFxYrS9XlldW19drGZlunueLQ4qlM1U3INEiRQAsFSrjJFLA4lNAJ786HfqcPSos0ucZBBn7MeomIBGdopKC2652Jnks9ehEUHsI9FmmOZWmEoeEHRR9KGtTqdsMegf4lzoTUyQTNoPbpdVOex5Agl0xr17Ez9AumUHAJZdXLNWSM37EeuIYmLAbtF6NvSrpnlC6NUmUqQTpSf04ULNZ6EIemM2Z4q6e9ofif5+YYnfiFSLIcIeHjRVEuKaZ0GA3tCgUc5cAQxpUwt1J+yxTjaAKsmhCc6Zf/kvZBwzlqOFeH9dOzSRwVsk12yD5xyDE5JZekSVqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgGTiJtD</latexit>h
Dout

i

ve

<latexit sha1_base64="fDMyHuvoy94qQ5ZMCX7eOZufC2M=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rJUFy4r2Ad0hpJJb9vQzIPkTrEM8wFu/BU3LhRx6we4829MHwttPRA4OedeknP8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4niUOeRjFTLZxqkCKGOAiW0YgUs8CU0/eH1xG+OQGkRhfc4jsELWD8UPcEZGqlTLLlV0W9Tl950UhfhAVMRZpm5T3Svk44go2bKLttT0GXizEmJzFHrFL/cbsSTAELkkmndduwYvZQpFFxCVnATDTHjQ9aHtqEhC0B76TRMRk+M0qW9SJkTIp2qvzdSFmg9DnwzGTAc6EVvIv7ntRPsXXkmXpwghHz2UC+RFCM6aYZ2hQKOcmwI40qYv1I+YIpxNP0VTAnOYuRl0jgrOxdl5+68VKnO68iTI3JMTolDLkmF3JIaqRNOHskzeSVv1pP1Yr1bH7PRnDXfOSR/YH3+AJuVmrg=</latexit>h
Din

i

ve

<latexit sha1_base64="hm5rvTNq/n5GPjGS+ka43Qp06t4="></latexit>

=

(
1 ; if e out of v

0 ; otherwise

<latexit sha1_base64="bPuCx/3sGYx3WWEhkYiK2mS4RwA="></latexit>

=

(
1 ; if e into v

0 ; otherwise

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="YGFXEFKrlBpgZVx/pPNCgmxMD5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HBN3F654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuqt79eaV2k8dRhCM4hlPw4BJqcAd1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx9SeI0r</latexit>

= 0
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0

Left

Nullspace

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

(General)

<latexit sha1_base64="4dLwDWVqqxFflTk+n0jfann8Vd8="></latexit>2

6664

1T 0 · · · 0
0 1T · · · 0
...

...
. . .

...
0 0 · · · 1T

3

7775

<latexit sha1_base64="Z5BUHjpvhYFCh7do+R1IJwNjk74=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkoioi5LdeGygr1AE8pkOmmHTiZhZqKU2Edx40IRtz6JO9/GSZuFtv5w4OM/5zBn/iDhTGnH+bZWVtfWNzZLW+Xtnd29fbty0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML7O+50HKhWLxb2eJNSP8FCwkBGsjdW3K16DDXvIQzemcvb7dtWpOTOhZXALqEKhZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDote6miCSZjPKQ9gwJHVPnZ7PQpOjHOAIWxNCU0mrm/NzIcKTWJAjMZYT1Si73c/K/XS3V45WdMJKmmgswfClOOdIzyHNCASUo0nxjARDJzKyIjLDHRJq2yCcFd/PIytM9q7kXNvTuv1htFHCU4gmM4BRcuoQ630IQWEHiEZ3iFN+vJerHerY/56IpV7BzCH1mfP850kms=</latexit>h
D

i dim left

nullspace 


= num

connected


components



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Edges

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="fWaxFylEfhIEC/oQBN5S6MDAa/Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl047KCfUATymRy0w6dTMLMRCyhP+LGX3HjQhEXbsS/cdoG0dYLMxzOOZd77wlSzpR2nC+rtLS8srpWXq9sbG5t79i7ey2VZJJCkyY8kZ2AKOBMQFMzzaGTSiBxwKEdDK8mevsOpGKJuNWjFPyY9AWLGCXaUD371Augz0QexERLdj/GDva8xa/igQh/TD276tScaeFF4Bagiopq9OwPL0xoFoPQlBOluq6Taj8nUjPKYVzxMgUpoUPSh66BgsSg/Hx63RgfGSbEUSLNExpP2d8dOYmVGsWBcZr9Bmpem5D/ad1MRxd+zkSaaRB0NijKONYJnkSFQyaBaj4ygFDJzK6YDogkVJtAKyYEd/7kRdA6qblnNffmtFq/LOIoowN0iI6Ri85RHV2jBmoiih7QE3pBr9aj9Wy9We8za8kqevbRn7I+vwFsrp+l</latexit>2

66664

0
0
0
0
0

3

77775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

ea. equation:
Conservation 

of flow

at ea. node


Right

Nullspace

Ex:
<latexit sha1_base64="///Wm1J9UUtaJ/iJXIDyYEdth0A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIIYtmVqr0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v52l5ZXVtfXcRn5za3tnt7C339BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5O/OYTVZpF8sGMYuoL3JcsZAQbKz1Wzi5OPXSNyt1C0S25U6BF4mWkCBlq3cJXpxeRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6v0UBgpW9Kgqfp7IsVC65EIbKfAZqDnvYn4n9dOTFjxUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o7wNwZt/eZE0zkveZcm7LxerN1kcOTiEIzgBD66gCndQgzoQEPAMr/DmKOfFeXc+Zq1LTjZzAH/gfP4A4cCOgQ==</latexit>

8� 5 + 1 = 4

Cycle space 
<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C
<latexit sha1_base64="HzUMFnY1yNMrjFFmXRYrISmFixM=">AAACJnicbVDLSgMxFM34rPVVdekmWARBLDMi6qZQLILLCvYBnaFk0rQNzTxI7ohlOl/jxl9x46Ii4s5PMdMWH60HAuecey+597ih4ApM88NYWFxaXlnNrGXXNza3tnM7uzUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3X45rdfvmVQ88O9gEDLHI12fdzgloK1WrmgDe4C4zb0E29j2CPQoEXE5wUWcHX7r62SIT/CPrml9jK1WLm8WzDHwPLGmJI+mqLRyI7sd0MhjPlBBlGpaZghOTCRwKliStSPFQkL7pMuamvrEY8qJx2cm+FA7bdwJpH4+4LH7eyImnlIDz9Wd6Z5qtpaa/9WaEXQunZj7YQTMp5OPOpHAEOA0M9zmklEQA00IlVzvimmPSEJBJ5vVIVizJ8+T2mnBOi9Yt2f50tU0jgzaRwfoCFnoApXQDaqgKqLoET2jEXo1nowX4814n7QuGNOZPfQHxucXJPuk6g==</latexit>

dim C = |E|� |V|+ 1

<latexit sha1_base64="T+WsA4JAgHYvw2TKoiZ1XbyMz2A="></latexit>2

66666666664

1 1 0 0
1 0 0 0
0 0 1 �1
0 0 0 �1
0 1 �1 0
0 1 0 0
0 0 1 0
0 0 1 0

3

77777777775

<latexit sha1_base64="4C/sa9MwMEZdJcAuSczVcPoSUtI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjBfsBbSib7aZdursJuxshhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJu5332iSrNIPpo0pr7AY8lCRrDJpSa6RcNqza27c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6GlWGE01llkGgaYzLFY9q3VGJBtZ/Nb52hM6uMUBgpW9Kgufp7IsNC61QEtlNgM9HLXi7+5/UTE974GZNxYqgki0VhwpGJUP44GjFFieGpJZgoZm9FZIIVJsbGU7EheMsvr5LORd27qnsPl7XGXRFHGU7gFM7Bg2towD20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AxViNaA==</latexit>

C = Sign indicates

if cycle goes


with or against

edge direction

Cycle indicator (basis) matrix:
<latexit sha1_base64="o5ae9gGQkywbacpbcAGFTPg1AjI="></latexit>

⇥
C

⇤
ec

=

8
><

>:

1 ; if e flows with cycle c

�1 ; if e flows against cycle c

0 ; e not in cycle c

Columns  =

basis for 

<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C

<latexit sha1_base64="o2+rwqtPn8sD8Xf7jxclSnKLF4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQrAePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXpgKro3rfjmFldW19Y3iZmlre2d3r7x/0NRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4qs/81iMqzRP5YMYpBjEdSB5xRo2V/Ns6uXZ75Ypbdecgf4mXkwrkaPTKn91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zOpmJroIJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy//Jc2zqndR9e7PK7WbPI4iHMExnIIHl1CDO2iADww4PMELvDrSeXbenPdFa8HJZw7hF5yPb2qxjcY=</latexit>

DC = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Edges

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="fWaxFylEfhIEC/oQBN5S6MDAa/Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl047KCfUATymRy0w6dTMLMRCyhP+LGX3HjQhEXbsS/cdoG0dYLMxzOOZd77wlSzpR2nC+rtLS8srpWXq9sbG5t79i7ey2VZJJCkyY8kZ2AKOBMQFMzzaGTSiBxwKEdDK8mevsOpGKJuNWjFPyY9AWLGCXaUD371Augz0QexERLdj/GDva8xa/igQh/TD276tScaeFF4Bagiopq9OwPL0xoFoPQlBOluq6Taj8nUjPKYVzxMgUpoUPSh66BgsSg/Hx63RgfGSbEUSLNExpP2d8dOYmVGsWBcZr9Bmpem5D/ad1MRxd+zkSaaRB0NijKONYJnkSFQyaBaj4ygFDJzK6YDogkVJtAKyYEd/7kRdA6qblnNffmtFq/LOIoowN0iI6Ri85RHV2jBmoiih7QE3pBr9aj9Wy9We8za8kqevbRn7I+vwFsrp+l</latexit>2

66664

0
0
0
0
0

3

77775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

ea. equation:
Conservation 

of flow

at ea. node


Right

Nullspace

Ex:
<latexit sha1_base64="///Wm1J9UUtaJ/iJXIDyYEdth0A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIIYtmVqr0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v52l5ZXVtfXcRn5za3tnt7C339BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5O/OYTVZpF8sGMYuoL3JcsZAQbKz1Wzi5OPXSNyt1C0S25U6BF4mWkCBlq3cJXpxeRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6v0UBgpW9Kgqfp7IsVC65EIbKfAZqDnvYn4n9dOTFjxUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o7wNwZt/eZE0zkveZcm7LxerN1kcOTiEIzgBD66gCndQgzoQEPAMr/DmKOfFeXc+Zq1LTjZzAH/gfP4A4cCOgQ==</latexit>

8� 5 + 1 = 4

Cycle space 
<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C
<latexit sha1_base64="HzUMFnY1yNMrjFFmXRYrISmFixM=">AAACJnicbVDLSgMxFM34rPVVdekmWARBLDMi6qZQLILLCvYBnaFk0rQNzTxI7ohlOl/jxl9x46Ii4s5PMdMWH60HAuecey+597ih4ApM88NYWFxaXlnNrGXXNza3tnM7uzUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3X45rdfvmVQ88O9gEDLHI12fdzgloK1WrmgDe4C4zb0E29j2CPQoEXE5wUWcHX7r62SIT/CPrml9jK1WLm8WzDHwPLGmJI+mqLRyI7sd0MhjPlBBlGpaZghOTCRwKliStSPFQkL7pMuamvrEY8qJx2cm+FA7bdwJpH4+4LH7eyImnlIDz9Wd6Z5qtpaa/9WaEXQunZj7YQTMp5OPOpHAEOA0M9zmklEQA00IlVzvimmPSEJBJ5vVIVizJ8+T2mnBOi9Yt2f50tU0jgzaRwfoCFnoApXQDaqgKqLoET2jEXo1nowX4814n7QuGNOZPfQHxucXJPuk6g==</latexit>

dim C = |E|� |V|+ 1

<latexit sha1_base64="T+WsA4JAgHYvw2TKoiZ1XbyMz2A="></latexit>2

66666666664

1 1 0 0
1 0 0 0
0 0 1 �1
0 0 0 �1
0 1 �1 0
0 1 0 0
0 0 1 0
0 0 1 0

3

77777777775

<latexit sha1_base64="4C/sa9MwMEZdJcAuSczVcPoSUtI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjBfsBbSib7aZdursJuxshhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJu5332iSrNIPpo0pr7AY8lCRrDJpSa6RcNqza27c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6GlWGE01llkGgaYzLFY9q3VGJBtZ/Nb52hM6uMUBgpW9Kgufp7IsNC61QEtlNgM9HLXi7+5/UTE974GZNxYqgki0VhwpGJUP44GjFFieGpJZgoZm9FZIIVJsbGU7EheMsvr5LORd27qnsPl7XGXRFHGU7gFM7Bg2towD20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AxViNaA==</latexit>

C = Sign indicates

if cycle goes


with or against

edge direction

Cycle indicator (basis) matrix:
<latexit sha1_base64="o5ae9gGQkywbacpbcAGFTPg1AjI="></latexit>

⇥
C

⇤
ec

=

8
><

>:

1 ; if e flows with cycle c

�1 ; if e flows against cycle c

0 ; e not in cycle c

Columns  =

basis for 

<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C

<latexit sha1_base64="o2+rwqtPn8sD8Xf7jxclSnKLF4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQrAePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXpgKro3rfjmFldW19Y3iZmlre2d3r7x/0NRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4qs/81iMqzRP5YMYpBjEdSB5xRo2V/Ns6uXZ75Ypbdecgf4mXkwrkaPTKn91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zOpmJroIJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy//Jc2zqndR9e7PK7WbPI4iHMExnIIHl1CDO2iADww4PMELvDrSeXbenPdFa8HJZw7hF5yPb2qxjcY=</latexit>

DC = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Edges

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="fWaxFylEfhIEC/oQBN5S6MDAa/Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl047KCfUATymRy0w6dTMLMRCyhP+LGX3HjQhEXbsS/cdoG0dYLMxzOOZd77wlSzpR2nC+rtLS8srpWXq9sbG5t79i7ey2VZJJCkyY8kZ2AKOBMQFMzzaGTSiBxwKEdDK8mevsOpGKJuNWjFPyY9AWLGCXaUD371Augz0QexERLdj/GDva8xa/igQh/TD276tScaeFF4Bagiopq9OwPL0xoFoPQlBOluq6Taj8nUjPKYVzxMgUpoUPSh66BgsSg/Hx63RgfGSbEUSLNExpP2d8dOYmVGsWBcZr9Bmpem5D/ad1MRxd+zkSaaRB0NijKONYJnkSFQyaBaj4ygFDJzK6YDogkVJtAKyYEd/7kRdA6qblnNffmtFq/LOIoowN0iI6Ri85RHV2jBmoiih7QE3pBr9aj9Wy9We8za8kqevbRn7I+vwFsrp+l</latexit>2

66664

0
0
0
0
0

3

77775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

ea. equation:
Conservation 

of flow

at ea. node


Right

Nullspace

Ex:
<latexit sha1_base64="///Wm1J9UUtaJ/iJXIDyYEdth0A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIIYtmVqr0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v52l5ZXVtfXcRn5za3tnt7C339BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5O/OYTVZpF8sGMYuoL3JcsZAQbKz1Wzi5OPXSNyt1C0S25U6BF4mWkCBlq3cJXpxeRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6v0UBgpW9Kgqfp7IsVC65EIbKfAZqDnvYn4n9dOTFjxUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o7wNwZt/eZE0zkveZcm7LxerN1kcOTiEIzgBD66gCndQgzoQEPAMr/DmKOfFeXc+Zq1LTjZzAH/gfP4A4cCOgQ==</latexit>

8� 5 + 1 = 4

Cycle space 
<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C
<latexit sha1_base64="HzUMFnY1yNMrjFFmXRYrISmFixM=">AAACJnicbVDLSgMxFM34rPVVdekmWARBLDMi6qZQLILLCvYBnaFk0rQNzTxI7ohlOl/jxl9x46Ii4s5PMdMWH60HAuecey+597ih4ApM88NYWFxaXlnNrGXXNza3tnM7uzUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3X45rdfvmVQ88O9gEDLHI12fdzgloK1WrmgDe4C4zb0E29j2CPQoEXE5wUWcHX7r62SIT/CPrml9jK1WLm8WzDHwPLGmJI+mqLRyI7sd0MhjPlBBlGpaZghOTCRwKliStSPFQkL7pMuamvrEY8qJx2cm+FA7bdwJpH4+4LH7eyImnlIDz9Wd6Z5qtpaa/9WaEXQunZj7YQTMp5OPOpHAEOA0M9zmklEQA00IlVzvimmPSEJBJ5vVIVizJ8+T2mnBOi9Yt2f50tU0jgzaRwfoCFnoApXQDaqgKqLoET2jEXo1nowX4814n7QuGNOZPfQHxucXJPuk6g==</latexit>

dim C = |E|� |V|+ 1

<latexit sha1_base64="T+WsA4JAgHYvw2TKoiZ1XbyMz2A="></latexit>2

66666666664

1 1 0 0
1 0 0 0
0 0 1 �1
0 0 0 �1
0 1 �1 0
0 1 0 0
0 0 1 0
0 0 1 0

3

77777777775

<latexit sha1_base64="4C/sa9MwMEZdJcAuSczVcPoSUtI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjBfsBbSib7aZdursJuxshhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJu5332iSrNIPpo0pr7AY8lCRrDJpSa6RcNqza27c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6GlWGE01llkGgaYzLFY9q3VGJBtZ/Nb52hM6uMUBgpW9Kgufp7IsNC61QEtlNgM9HLXi7+5/UTE974GZNxYqgki0VhwpGJUP44GjFFieGpJZgoZm9FZIIVJsbGU7EheMsvr5LORd27qnsPl7XGXRFHGU7gFM7Bg2towD20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AxViNaA==</latexit>

C = Sign indicates

if cycle goes


with or against

edge direction

Cycle indicator (basis) matrix:
<latexit sha1_base64="o5ae9gGQkywbacpbcAGFTPg1AjI="></latexit>

⇥
C

⇤
ec

=

8
><

>:

1 ; if e flows with cycle c

�1 ; if e flows against cycle c

0 ; e not in cycle c

Columns  =

basis for 

<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C

<latexit sha1_base64="o2+rwqtPn8sD8Xf7jxclSnKLF4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQrAePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXpgKro3rfjmFldW19Y3iZmlre2d3r7x/0NRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4qs/81iMqzRP5YMYpBjEdSB5xRo2V/Ns6uXZ75Ypbdecgf4mXkwrkaPTKn91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zOpmJroIJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy//Jc2zqndR9e7PK7WbPI4iHMExnIIHl1CDO2iADww4PMELvDrSeXbenPdFa8HJZw7hF5yPb2qxjcY=</latexit>

DC = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Edges

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="fWaxFylEfhIEC/oQBN5S6MDAa/Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl047KCfUATymRy0w6dTMLMRCyhP+LGX3HjQhEXbsS/cdoG0dYLMxzOOZd77wlSzpR2nC+rtLS8srpWXq9sbG5t79i7ey2VZJJCkyY8kZ2AKOBMQFMzzaGTSiBxwKEdDK8mevsOpGKJuNWjFPyY9AWLGCXaUD371Augz0QexERLdj/GDva8xa/igQh/TD276tScaeFF4Bagiopq9OwPL0xoFoPQlBOluq6Taj8nUjPKYVzxMgUpoUPSh66BgsSg/Hx63RgfGSbEUSLNExpP2d8dOYmVGsWBcZr9Bmpem5D/ad1MRxd+zkSaaRB0NijKONYJnkSFQyaBaj4ygFDJzK6YDogkVJtAKyYEd/7kRdA6qblnNffmtFq/LOIoowN0iI6Ri85RHV2jBmoiih7QE3pBr9aj9Wy9We8za8kqevbRn7I+vwFsrp+l</latexit>2

66664

0
0
0
0
0

3

77775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

ea. equation:
Conservation 

of flow

at ea. node


Right

Nullspace

Ex:
<latexit sha1_base64="///Wm1J9UUtaJ/iJXIDyYEdth0A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIIYtmVqr0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v52l5ZXVtfXcRn5za3tnt7C339BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5O/OYTVZpF8sGMYuoL3JcsZAQbKz1Wzi5OPXSNyt1C0S25U6BF4mWkCBlq3cJXpxeRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6v0UBgpW9Kgqfp7IsVC65EIbKfAZqDnvYn4n9dOTFjxUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o7wNwZt/eZE0zkveZcm7LxerN1kcOTiEIzgBD66gCndQgzoQEPAMr/DmKOfFeXc+Zq1LTjZzAH/gfP4A4cCOgQ==</latexit>

8� 5 + 1 = 4

Cycle space 
<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C
<latexit sha1_base64="HzUMFnY1yNMrjFFmXRYrISmFixM=">AAACJnicbVDLSgMxFM34rPVVdekmWARBLDMi6qZQLILLCvYBnaFk0rQNzTxI7ohlOl/jxl9x46Ii4s5PMdMWH60HAuecey+597ih4ApM88NYWFxaXlnNrGXXNza3tnM7uzUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3X45rdfvmVQ88O9gEDLHI12fdzgloK1WrmgDe4C4zb0E29j2CPQoEXE5wUWcHX7r62SIT/CPrml9jK1WLm8WzDHwPLGmJI+mqLRyI7sd0MhjPlBBlGpaZghOTCRwKliStSPFQkL7pMuamvrEY8qJx2cm+FA7bdwJpH4+4LH7eyImnlIDz9Wd6Z5qtpaa/9WaEXQunZj7YQTMp5OPOpHAEOA0M9zmklEQA00IlVzvimmPSEJBJ5vVIVizJ8+T2mnBOi9Yt2f50tU0jgzaRwfoCFnoApXQDaqgKqLoET2jEXo1nowX4814n7QuGNOZPfQHxucXJPuk6g==</latexit>

dim C = |E|� |V|+ 1

<latexit sha1_base64="T+WsA4JAgHYvw2TKoiZ1XbyMz2A="></latexit>2

66666666664

1 1 0 0
1 0 0 0
0 0 1 �1
0 0 0 �1
0 1 �1 0
0 1 0 0
0 0 1 0
0 0 1 0

3

77777777775

<latexit sha1_base64="4C/sa9MwMEZdJcAuSczVcPoSUtI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjBfsBbSib7aZdursJuxshhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJu5332iSrNIPpo0pr7AY8lCRrDJpSa6RcNqza27c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6GlWGE01llkGgaYzLFY9q3VGJBtZ/Nb52hM6uMUBgpW9Kgufp7IsNC61QEtlNgM9HLXi7+5/UTE974GZNxYqgki0VhwpGJUP44GjFFieGpJZgoZm9FZIIVJsbGU7EheMsvr5LORd27qnsPl7XGXRFHGU7gFM7Bg2towD20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AxViNaA==</latexit>

C = Sign indicates

if cycle goes


with or against

edge direction

Cycle indicator (basis) matrix:
<latexit sha1_base64="o5ae9gGQkywbacpbcAGFTPg1AjI="></latexit>

⇥
C

⇤
ec

=

8
><

>:

1 ; if e flows with cycle c

�1 ; if e flows against cycle c

0 ; e not in cycle c

Columns  =

basis for 

<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C

<latexit sha1_base64="o2+rwqtPn8sD8Xf7jxclSnKLF4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQrAePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXpgKro3rfjmFldW19Y3iZmlre2d3r7x/0NRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4qs/81iMqzRP5YMYpBjEdSB5xRo2V/Ns6uXZ75Ypbdecgf4mXkwrkaPTKn91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zOpmJroIJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy//Jc2zqndR9e7PK7WbPI4iHMExnIIHl1CDO2iADww4PMELvDrSeXbenPdFa8HJZw7hF5yPb2qxjcY=</latexit>

DC = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Edges

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="fWaxFylEfhIEC/oQBN5S6MDAa/Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl047KCfUATymRy0w6dTMLMRCyhP+LGX3HjQhEXbsS/cdoG0dYLMxzOOZd77wlSzpR2nC+rtLS8srpWXq9sbG5t79i7ey2VZJJCkyY8kZ2AKOBMQFMzzaGTSiBxwKEdDK8mevsOpGKJuNWjFPyY9AWLGCXaUD371Augz0QexERLdj/GDva8xa/igQh/TD276tScaeFF4Bagiopq9OwPL0xoFoPQlBOluq6Taj8nUjPKYVzxMgUpoUPSh66BgsSg/Hx63RgfGSbEUSLNExpP2d8dOYmVGsWBcZr9Bmpem5D/ad1MRxd+zkSaaRB0NijKONYJnkSFQyaBaj4ygFDJzK6YDogkVJtAKyYEd/7kRdA6qblnNffmtFq/LOIoowN0iI6Ri85RHV2jBmoiih7QE3pBr9aj9Wy9We8za8kqevbRn7I+vwFsrp+l</latexit>2

66664

0
0
0
0
0

3

77775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

ea. equation:
Conservation 

of flow

at ea. node


Subspace

Constraint

Ex:
<latexit sha1_base64="///Wm1J9UUtaJ/iJXIDyYEdth0A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIIYtmVqr0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v52l5ZXVtfXcRn5za3tnt7C339BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5O/OYTVZpF8sGMYuoL3JcsZAQbKz1Wzi5OPXSNyt1C0S25U6BF4mWkCBlq3cJXpxeRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6v0UBgpW9Kgqfp7IsVC65EIbKfAZqDnvYn4n9dOTFjxUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o7wNwZt/eZE0zkveZcm7LxerN1kcOTiEIzgBD66gCndQgzoQEPAMr/DmKOfFeXc+Zq1LTjZzAH/gfP4A4cCOgQ==</latexit>

8� 5 + 1 = 4

Cycle space 
<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C
<latexit sha1_base64="HzUMFnY1yNMrjFFmXRYrISmFixM=">AAACJnicbVDLSgMxFM34rPVVdekmWARBLDMi6qZQLILLCvYBnaFk0rQNzTxI7ohlOl/jxl9x46Ii4s5PMdMWH60HAuecey+597ih4ApM88NYWFxaXlnNrGXXNza3tnM7uzUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3X45rdfvmVQ88O9gEDLHI12fdzgloK1WrmgDe4C4zb0E29j2CPQoEXE5wUWcHX7r62SIT/CPrml9jK1WLm8WzDHwPLGmJI+mqLRyI7sd0MhjPlBBlGpaZghOTCRwKliStSPFQkL7pMuamvrEY8qJx2cm+FA7bdwJpH4+4LH7eyImnlIDz9Wd6Z5qtpaa/9WaEXQunZj7YQTMp5OPOpHAEOA0M9zmklEQA00IlVzvimmPSEJBJ5vVIVizJ8+T2mnBOi9Yt2f50tU0jgzaRwfoCFnoApXQDaqgKqLoET2jEXo1nowX4814n7QuGNOZPfQHxucXJPuk6g==</latexit>

dim C = |E|� |V|+ 1

<latexit sha1_base64="T+WsA4JAgHYvw2TKoiZ1XbyMz2A="></latexit>2

66666666664

1 1 0 0
1 0 0 0
0 0 1 �1
0 0 0 �1
0 1 �1 0
0 1 0 0
0 0 1 0
0 0 1 0

3

77777777775

<latexit sha1_base64="4C/sa9MwMEZdJcAuSczVcPoSUtI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjBfsBbSib7aZdursJuxshhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJu5332iSrNIPpo0pr7AY8lCRrDJpSa6RcNqza27c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6GlWGE01llkGgaYzLFY9q3VGJBtZ/Nb52hM6uMUBgpW9Kgufp7IsNC61QEtlNgM9HLXi7+5/UTE974GZNxYqgki0VhwpGJUP44GjFFieGpJZgoZm9FZIIVJsbGU7EheMsvr5LORd27qnsPl7XGXRFHGU7gFM7Bg2towD20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AxViNaA==</latexit>

C = Sign indicates

if cycle goes


with or against

edge direction

Cycle indicator (basis) matrix:
<latexit sha1_base64="o5ae9gGQkywbacpbcAGFTPg1AjI="></latexit>

⇥
C

⇤
ec

=

8
><

>:

1 ; if e flows with cycle c

�1 ; if e flows against cycle c

0 ; e not in cycle c

Columns  =

basis for 

<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C

<latexit sha1_base64="jZOJ/fmR32wZl1OBD9yge4Cux4E=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7BroTbBYBrLCOYCyRJmJ7PJmNmZZWZWjCHvYGOhiI2Fj2JvI76Nk0uhiT8MfPz/Ocw5J0w408bzvp2FxaXlldXMmru+sbm1nd3ZrWqZKkIrRHKp6iHWlDNBK4YZTuuJojgOOa2FvdIor91SpZkU16af0CDGHcEiRrCxVvUOFVDpvpXNeXlvLDQP/hRy5x9uIXn7csut7GezLUkaU2EIx1o3fC8xwQArwwinQ7eZappg0sMd2rAocEx1MBhPO0SH1mmjSCr7hEFj93fHAMda9+PQVsbYdPVsNjL/yxqpic6CARNJaqggk4+ilCMj0Wh11GaKEsP7FjBRzM6KSBcrTIw9kGuP4M+uPA/V47x/kvev/FzxAibKwD4cwBH4cApFuIQyVIDADTzAEzw70nl0XpzXSemCM+3Zgz9y3n8A4LeRrA==</latexit>

x = Cz
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Edges

<latexit sha1_base64="lhShezMb1F1wbwfB0aIXUC2pEgM="></latexit>2

66664

�1 1 0 0 0 1 0 0
1 �1 �1 1 �1 0 0 0
0 0 1 �1 0 0 �1 0
0 0 0 0 1 �1 0 1
0 0 0 0 0 0 1 �1

3

77775

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="T+WsA4JAgHYvw2TKoiZ1XbyMz2A="></latexit>2

66666666664

1 1 0 0
1 0 0 0
0 0 1 �1
0 0 0 �1
0 1 �1 0
0 1 0 0
0 0 1 0
0 0 1 0

3

77777777775

<latexit sha1_base64="4C/sa9MwMEZdJcAuSczVcPoSUtI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjBfsBbSib7aZdursJuxshhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJu5332iSrNIPpo0pr7AY8lCRrDJpSa6RcNqza27c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6GlWGE01llkGgaYzLFY9q3VGJBtZ/Nb52hM6uMUBgpW9Kgufp7IsNC61QEtlNgM9HLXi7+5/UTE974GZNxYqgki0VhwpGJUP44GjFFieGpJZgoZm9FZIIVJsbGU7EheMsvr5LORd27qnsPl7XGXRFHGU7gFM7Bg2towD20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AxViNaA==</latexit>

C = Sign indicates

if cycle goes


with or against

edge direction

Cycle indicator (basis) matrix:
<latexit sha1_base64="o5ae9gGQkywbacpbcAGFTPg1AjI="></latexit>

⇥
C

⇤
ec

=

8
><

>:

1 ; if e flows with cycle c

�1 ; if e flows against cycle c

0 ; e not in cycle c

Columns  =

basis for 

<latexit sha1_base64="n5Nb6DQEbOvxr1H5cbGsTSw2MmU=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVnsxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XDazP3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xegmyLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT9q7p/f1lr3BZ1lOEETuEcfLiGBtxBC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDdVCRXw==</latexit>

C

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow



<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="HLXN6JUg+8/o+G0HjcR/QxcCd5s="></latexit>2

664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1

3

775

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="5VhezVTpoxBP5TJVgbdn1Qn+yMo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVol6Eoh68CBXsB7RLyabZNjabLElWKEv/gxcPinj1/3jz35i2e9DWBwOP92aYmRfEnGnjut9Obml5ZXUtv17Y2Nza3inu7jW0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UaWZFA9mFFM/wn3BQkawsVLj5vgOXaJuseSW3SnQIvEyUoIMtW7xq9OTJImoMIRjrdueGxs/xcowwum40Ek0jTEZ4j5tWypwRLWfTq8doyOr9FAolS1h0FT9PZHiSOtRFNjOCJuBnvcm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IAKNgRv/uVF0jgte2dl775Sql5lceThAA7hBDw4hyrcQg3qQOARnuEV3hzpvDjvzsesNedkM/vwB87nD8KfjfE=</latexit>

D0M =



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="HLXN6JUg+8/o+G0HjcR/QxcCd5s="></latexit>2

664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1

3

775

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="5VhezVTpoxBP5TJVgbdn1Qn+yMo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVol6Eoh68CBXsB7RLyabZNjabLElWKEv/gxcPinj1/3jz35i2e9DWBwOP92aYmRfEnGnjut9Obml5ZXUtv17Y2Nza3inu7jW0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UaWZFA9mFFM/wn3BQkawsVLj5vgOXaJuseSW3SnQIvEyUoIMtW7xq9OTJImoMIRjrdueGxs/xcowwum40Ek0jTEZ4j5tWypwRLWfTq8doyOr9FAolS1h0FT9PZHiSOtRFNjOCJuBnvcm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IAKNgRv/uVF0jgte2dl775Sql5lceThAA7hBDw4hyrcQg3qQOARnuEV3hzpvDjvzsesNedkM/vwB87nD8KfjfE=</latexit>

D0M =



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3
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<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="HLXN6JUg+8/o+G0HjcR/QxcCd5s="></latexit>2

664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1

3

775

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="5VhezVTpoxBP5TJVgbdn1Qn+yMo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVol6Eoh68CBXsB7RLyabZNjabLElWKEv/gxcPinj1/3jz35i2e9DWBwOP92aYmRfEnGnjut9Obml5ZXUtv17Y2Nza3inu7jW0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UaWZFA9mFFM/wn3BQkawsVLj5vgOXaJuseSW3SnQIvEyUoIMtW7xq9OTJImoMIRjrdueGxs/xcowwum40Ek0jTEZ4j5tWypwRLWfTq8doyOr9FAolS1h0FT9PZHiSOtRFNjOCJuBnvcm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IAKNgRv/uVF0jgte2dl775Sql5lceThAA7hBDw4hyrcQg3qQOARnuEV3hzpvDjvzsesNedkM/vwB87nD8KfjfE=</latexit>

D0M =



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="ed9KEUSggCK/pWVmhLYspJnlUxE=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1oEQSwTF+py0I3LCvYB7VAyaaYNzWSGJCOM0/6FOzcuFHHrp7jr35hpu9DWA4HDOfdyT44fc6a040ytwtr6xuZWcbu0s7u3X7YPDpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3ud96pFKxSDzoNKZeiAeCBYxgbaSeXR53Q6yHBPOsORmfo55ddWrODHCVoAWpupXu2fPUTes9+7vbj0gSUqEJx0p1kBNrL8NSM8LppNRNFI0xGeEB7RgqcEiVl82CT+CJUfowiKR5QsOZ+nsjw6FSaeibyTylWvZy8T+vk+jg2suYiBNNBZkfChIOdQTzFmCfSUo0Tw3BRDKTFZIhlpho01XJlICWv7xKmhc1dFlD96jq3oA5iuAYVMApQOAKuOAO1EEDEJCAF/AG3q0n69X6sD7nowVrsXME/sD6+gHUx5Yt</latexit>

|V|� 1

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="HLXN6JUg+8/o+G0HjcR/QxcCd5s="></latexit>2

664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1

3

775

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="5VhezVTpoxBP5TJVgbdn1Qn+yMo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVol6Eoh68CBXsB7RLyabZNjabLElWKEv/gxcPinj1/3jz35i2e9DWBwOP92aYmRfEnGnjut9Obml5ZXUtv17Y2Nza3inu7jW0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UaWZFA9mFFM/wn3BQkawsVLj5vgOXaJuseSW3SnQIvEyUoIMtW7xq9OTJImoMIRjrdueGxs/xcowwum40Ek0jTEZ4j5tWypwRLWfTq8doyOr9FAolS1h0FT9PZHiSOtRFNjOCJuBnvcm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IAKNgRv/uVF0jgte2dl775Sql5lceThAA7hBDw4hyrcQg3qQOARnuEV3hzpvDjvzsesNedkM/vwB87nD8KfjfE=</latexit>

D0M =



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="HLXN6JUg+8/o+G0HjcR/QxcCd5s="></latexit>2

664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1

3

775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit>2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4=">AAAC23icbZJBT9swFMedjDEIGxQ47mJRMe2yKt5h7FhtF44grVDRRJXjvhYLx4lsZ6KKymUH0LTrDnwKvstufA2+wHAaKytlT7L09/v/3nt2nCQXXJswvPf8FysvV1+trQcbr99sbrW2d050 VigGPZaJTPUTqkFwCT3DjYB+roCmiYDT5OJr5Z9+B6V5Jr+ZaQ5xSieSjzmjxqaGrYcogQmXZZJSo/jlLPhA8DscLiyCnXBR+1EUVEZFNxVzQRqyblCRIXbGv76ubAG1+4YNHU8cuzjfjXvCNtOX4bpREIEcNVccttphJ5wHfi6IE+3uen57dnf592jY+hONMlakIA0TVOsBCXMTl1QZzgTMgqjQkFN2QScwsFLSFHRczt9mhvdtZoTHmbJLGjzPLlaUNNV6miaWtOc718telfyfNyjM+HNccpkXBiSrB40LgU2Gq4fGI66AGTG1gjLF7VkxO6eKMmN/h8B+BLJ85efi5GOHfOqQY9LufkF1rKG3aA+9RwQdoC46REeoh5jX9668a+/Gj/0f/k//V436nqvZRU/C//0IZ5W8tQ==</latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="gMAoaZTliyrq8p0CdM3pVdymiM8="></latexit>2

664

1 0 0 0 �1 0 �1 0
0 1 0 0 0 �1 0 �1
0 0 1 0 0 0 �1 1
0 0 0 1 0 0 0 �1

3

775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="gMAoaZTliyrq8p0CdM3pVdymiM8="></latexit>2

664

1 0 0 0 �1 0 �1 0
0 1 0 0 0 �1 0 �1
0 0 1 0 0 0 �1 1
0 0 0 1 0 0 0 �1

3

775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="CV2aKoCEdSFpYk0sYgbsX0rgQWU=">AAACEXicbVC7SgNBFJ31mayvqKXNYBDSGHYt1DJoo4UQwTwwG8Ls5CYZMju7zMxKwpJfsLHyK2xsLBSxtbPza3TyQDTxwIXDOfdy7z1+xJnSjvNpzc0vLC4tp9L2yura+kZmc6uswlhSKNGQh7LqEwWcCShppjlUIwkk8DlU/O7p0K/cgFQsFFe6H0E9IG3BWowSbaRGJuf50GYi8QOiJesNsH2BPQ/b++fY9kA0f4xGJuvknRHwLHEnJFtIR/fXD72vYiPz4TVDGgcgNOVEqZrrRLqeEKkZ5TCwvVhBRGiXtKFmqCABqHoy+miA94zSxK1QmhIaj9TfEwkJlOoHvuk093XUtDcU//NqsW4d1xMmoliDoONFrZhjHeJhPLjJJFDN+4YQKpm5FdMOkYRqE6JtQnCnX54l5YO8e5h3L91s4QSNkUI7aBflkIuOUAGdoSIqIYpu0SN6Ri/WnfVkvVpv49Y5azKzjf7Aev8Gmo2f+w==</latexit>
M
�I

�
<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="Q6SuV8MGjsKeV5J+Z+3MxA6tIe0="></latexit>2

66666666664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1
�1 0 0 0
0 �1 0 0
0 0 �1 0
0 0 0 �1

3

77777777775

<latexit sha1_base64="yHdA6znehnkaGEcUxYGpkiTeKAE="></latexit>

DC =
⇥
D0 D00⇤


M
�I

�
= D0M �D00 = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="gMAoaZTliyrq8p0CdM3pVdymiM8="></latexit>2

664

1 0 0 0 �1 0 �1 0
0 1 0 0 0 �1 0 �1
0 0 1 0 0 0 �1 1
0 0 0 1 0 0 0 �1

3

775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="CV2aKoCEdSFpYk0sYgbsX0rgQWU=">AAACEXicbVC7SgNBFJ31mayvqKXNYBDSGHYt1DJoo4UQwTwwG8Ls5CYZMju7zMxKwpJfsLHyK2xsLBSxtbPza3TyQDTxwIXDOfdy7z1+xJnSjvNpzc0vLC4tp9L2yura+kZmc6uswlhSKNGQh7LqEwWcCShppjlUIwkk8DlU/O7p0K/cgFQsFFe6H0E9IG3BWowSbaRGJuf50GYi8QOiJesNsH2BPQ/b++fY9kA0f4xGJuvknRHwLHEnJFtIR/fXD72vYiPz4TVDGgcgNOVEqZrrRLqeEKkZ5TCwvVhBRGiXtKFmqCABqHoy+miA94zSxK1QmhIaj9TfEwkJlOoHvuk093XUtDcU//NqsW4d1xMmoliDoONFrZhjHeJhPLjJJFDN+4YQKpm5FdMOkYRqE6JtQnCnX54l5YO8e5h3L91s4QSNkUI7aBflkIuOUAGdoSIqIYpu0SN6Ri/WnfVkvVpv49Y5azKzjf7Aev8Gmo2f+w==</latexit>
M
�I

�
<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="Q6SuV8MGjsKeV5J+Z+3MxA6tIe0="></latexit>2

66666666664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1
�1 0 0 0
0 �1 0 0
0 0 �1 0
0 0 0 �1

3

77777777775

<latexit sha1_base64="yHdA6znehnkaGEcUxYGpkiTeKAE="></latexit>

DC =
⇥
D0 D00⇤


M
�I

�
= D0M �D00 = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="gMAoaZTliyrq8p0CdM3pVdymiM8="></latexit>2

664

1 0 0 0 �1 0 �1 0
0 1 0 0 0 �1 0 �1
0 0 1 0 0 0 �1 1
0 0 0 1 0 0 0 �1

3

775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="CV2aKoCEdSFpYk0sYgbsX0rgQWU=">AAACEXicbVC7SgNBFJ31mayvqKXNYBDSGHYt1DJoo4UQwTwwG8Ls5CYZMju7zMxKwpJfsLHyK2xsLBSxtbPza3TyQDTxwIXDOfdy7z1+xJnSjvNpzc0vLC4tp9L2yura+kZmc6uswlhSKNGQh7LqEwWcCShppjlUIwkk8DlU/O7p0K/cgFQsFFe6H0E9IG3BWowSbaRGJuf50GYi8QOiJesNsH2BPQ/b++fY9kA0f4xGJuvknRHwLHEnJFtIR/fXD72vYiPz4TVDGgcgNOVEqZrrRLqeEKkZ5TCwvVhBRGiXtKFmqCABqHoy+miA94zSxK1QmhIaj9TfEwkJlOoHvuk093XUtDcU//NqsW4d1xMmoliDoONFrZhjHeJhPLjJJFDN+4YQKpm5FdMOkYRqE6JtQnCnX54l5YO8e5h3L91s4QSNkUI7aBflkIuOUAGdoSIqIYpu0SN6Ri/WnfVkvVpv49Y5azKzjf7Aev8Gmo2f+w==</latexit>
M
�I

�
<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="Q6SuV8MGjsKeV5J+Z+3MxA6tIe0="></latexit>2

66666666664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1
�1 0 0 0
0 �1 0 0
0 0 �1 0
0 0 0 �1

3

77777777775

<latexit sha1_base64="yHdA6znehnkaGEcUxYGpkiTeKAE="></latexit>

DC =
⇥
D0 D00⇤


M
�I

�
= D0M �D00 = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="gMAoaZTliyrq8p0CdM3pVdymiM8="></latexit>2

664

1 0 0 0 �1 0 �1 0
0 1 0 0 0 �1 0 �1
0 0 1 0 0 0 �1 1
0 0 0 1 0 0 0 �1

3

775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="CV2aKoCEdSFpYk0sYgbsX0rgQWU=">AAACEXicbVC7SgNBFJ31mayvqKXNYBDSGHYt1DJoo4UQwTwwG8Ls5CYZMju7zMxKwpJfsLHyK2xsLBSxtbPza3TyQDTxwIXDOfdy7z1+xJnSjvNpzc0vLC4tp9L2yura+kZmc6uswlhSKNGQh7LqEwWcCShppjlUIwkk8DlU/O7p0K/cgFQsFFe6H0E9IG3BWowSbaRGJuf50GYi8QOiJesNsH2BPQ/b++fY9kA0f4xGJuvknRHwLHEnJFtIR/fXD72vYiPz4TVDGgcgNOVEqZrrRLqeEKkZ5TCwvVhBRGiXtKFmqCABqHoy+miA94zSxK1QmhIaj9TfEwkJlOoHvuk093XUtDcU//NqsW4d1xMmoliDoONFrZhjHeJhPLjJJFDN+4YQKpm5FdMOkYRqE6JtQnCnX54l5YO8e5h3L91s4QSNkUI7aBflkIuOUAGdoSIqIYpu0SN6Ri/WnfVkvVpv49Y5azKzjf7Aev8Gmo2f+w==</latexit>
M
�I

�
<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="Q6SuV8MGjsKeV5J+Z+3MxA6tIe0="></latexit>2

66666666664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1
�1 0 0 0
0 �1 0 0
0 0 �1 0
0 0 0 �1

3

77777777775

<latexit sha1_base64="yHdA6znehnkaGEcUxYGpkiTeKAE="></latexit>

DC =
⇥
D0 D00⇤


M
�I

�
= D0M �D00 = 0



Incidence Matrix - Right Nullspace
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|
<latexit sha1_base64="EymvQ1LP+J24SR8ShArmwJzeiyI="></latexit>

h
E

i

ve
=

8
><

>:

�1 ; if e out of v

1 ; if e into v

0 ; otherwise

<latexit sha1_base64="aqVm1eKa5tU2N/Fwzj7mVTAT4mY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF1WaoLlxWsLSQhTKaTdujkwsykUEI3voobF4q49THc+TZO2iy09YcDH/85h5nzBylnUlnWt1FZWV1b36hu1ra2d3b3zP2DR5lkgtAOSXgiegGWlLOYdhRTnPZSQXEUcNoNRjdFvzumQrIkflCTlHoRHsQsZAQrbfnmkdtiAwe56FZXwZ6fj+kU+WbdalgzoWWwS6hDqbZvfrn9hGQRjRXhWErHtlLl5VgoRjid1txM0hSTER5QR2OMIyq9fHbAFJ1qp4/CROiKFZq5vzdyHEk5iQI9GWE1lIu9wvyv52QqvPZyFqeZojGZPxRmHKkEFWmgPhOUKD7RgIlg+q+IDLHAROnMajoEe/HkZXg8b9iXDfv+ot5slXFU4RhO4AxsuIIm3EEbOkBgCs/wCm/Gk/FivBsf89GKUe4cwh8Znz9Wx5T5</latexit>h
D

i

ve

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="eUOxFClVLlXHtveAp0HVS+wy/Wk="></latexit>2

66666666664

x1

x2

x3

x4

x5

x6

x7

x8

3

77777777775

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

edge mass flows

<latexit sha1_base64="qfPmL9sNAXNCz3bIS2rAb1/SsA0=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcVeoB1KJs20oZlkSM4oZehjuHGhSLe+h3s34tuYXhba+kPg4//PIeecMBHcgOd9O7ml5ZXVtfy6u7G5tb1T2N2rGZVqyqpUCaUbITFMcMmqwEGwRqIZiUPB6mH/epzXH5g2XMl7GCQsiElX8ohTAtZqtu54twdEa/XYLhS9kjcRXgR/BsXLD/ciGX25lXbhs9VRNI2ZBCqIMU3fSyDIiAZOBRu6rdSwhNA+6bKmRUliZoJsMvIQH1mngyOl7ZOAJ+7vjozExgzi0FbGBHpmPhub/2XNFKLzIOMySYFJOv0oSgUGhcf74w7XjIIYWCBUczsrpj2iCQV7JdcewZ9feRFqJyX/tOTf+sXyFZoqjw7QITpGPjpDZXSDKqiKKFLoCb2gVwecZ+fNGU1Lc86sZx/9kfP+A/LqlLE=</latexit>)
<latexit sha1_base64="QUabSJVjJvmcCBgu97BhJHgntsk=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6Eoh48VrAf0C4lm2bb2GyyJFmxLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da2iZKkLrRHKpWiHWlDNB64YZTluJojgOOW2Gw+uJ33ykSjMp7s0ooUGM+4JFjGBjpcbNE7pEXtctexVvCrRI/JyUIUet6351epKkMRWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroIMiaS1FBBZouilCMj0eR11GOKEsNHlmCimL0VkQFWmBgbUMmG4M+/vEgaJxX/rOLfnZarV3kcRTiAQzgGH86hCrdQgzoQeIBneIU3RzovzrvzMWstOPnMPvyB8/kDEliOJQ==</latexit>

Dx = 0
<latexit sha1_base64="Vsa9UXvkBqmi0ZD+mN55uQFqwx4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDsB2M3Q==</latexit>

S

flow source

at ea. node

<latexit sha1_base64="8aVqgQAKxQRdSf2VV7YDcp2yRrs=">AAACKnicbVDLTgIxFO3gC/GFunTTSExckRnExxJ14xKjPBKGkE65QEOnM2k7RjLhe9z4K25YaIhbP8QOQ4yCN2nOybn3pPceL+RMadueWpmV1bX1jexmbmt7Z3cvv39QV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7wNuk3nkAqFohHPQqh7ZO+YD1GiTZSJ3/tetBnIvZ8oiV7HuPcQ8fBrmuglMJZCuUUzhNwQXR/HJ18wS7as8LLxJmTAppXtZOfuN2ARj4ITTlRquXYoW7HRGpGOYxzbqQgJHRI+tAyVBAfVDuenTrGJ0bp4l4gzRMaz9Tfjpj4So18z0ya/QZqsZeI//Vake5dtWMmwkiDoOlHvYhjHeAkN9xlEqjmI0MIlczsiumASEK1STdnQnAWT14m9VLRuSg69+VC5WYeRxYdoWN0ihx0iSroDlVRDVH0gt7QO/qwXq2JNbU+09GMNfccoj9lfX0DOVykGg==</latexit>2

66664

S1

S2

S3

S4

S5

3

77775

Affine

Constraint

Min Norm

Solution

<latexit sha1_base64="vxLUAtOxYDBADfxNXpFuMHA4BME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6kYo2oXLin1Bk5bJZJIOnUzCzEQsoSs3/oobF4q49Rvc+TdOHwttPXAvh3PuZeYeL2FUKsv6NhYWl5ZXVnNr+fWNza1tc2e3IeNUYFLHMYtFy0OSMMpJXVHFSCsRBEUeI02vfz3ym/dESBrzmhokxI1QyGlAMVJa6poHjodE9jCEl7DSqRUruh13HB+FIRHwrmsWrJI1Bpwn9pQUwBTVrvnl+DFOI8IVZkjKtm0lys2QUBQzMsw7qSQJwn0UkramHEVEutn4jCE80ooPg1jo4gqO1d8bGYqkHESenoyQ6slZbyT+57VTFVy4GeVJqgjHk4eClEEVw1Em0KeCYMUGmiAsqP4rxD0kEFY6ubwOwZ49eZ40Tkr2Wcm+PS2Ur6Zx5MA+OARFYINzUAY3oArqAINH8AxewZvxZLwY78bHZHTBmO7sgT8wPn8AyK+XaQ==</latexit>

x̄ = DT (DDT )†S

<latexit sha1_base64="v7SixVRMl06VkbuAiZRROESmLrU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiRb0IxV48VrAf0Iay2W7apZtN2N2U1tB/4sWDIl79J978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/WF15jdHVCoWiUc9iakX4r5gASNYG6lr22N0izo+lul4ii5Q9alrF52SMwdaJW5GipCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLS+eVTdGaUHgoiaUpoNFd/T6Q4VGoS+qYzxHqglr2Z+J/XTnRw46VMxImmgiwWBQlHOkKzGFCPSUo0nxiCiWTmVkQGWGKiTVgFE4K7/PIqaVyW3KuS+1AuVu6yOPJwAqdwDi5cQwXuoQZ1IDCCZ3iFNyu1Xqx362PRmrOymWP4A+vzB7ylkm8=</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Spanning Tree Construction:
<latexit sha1_base64="1vlCgP3GvxU5G9OWzyJRycchRi4=">AAACOXicbZBNS8MwGMdTX2d9q3r0EhwyT6MVUS/C0B70IExwL9CWkWbZFpa+kKTCKPtaXvwW3gQvHhTx6hcw7QrqtieE/Pn/nockfz9mVEjTfNEWFpeWV1ZLa/r6xubWtrGz2xRRwjFp4IhFvO0jQRgNSUNSyUg75gQFPiMtf3iV8dYD4YJG4b0cxcQLUD+kPYqRVFbHqNvwAuquT/sOtCvQVcuuqFMZ3hxy+0vsyoTd5KgAut4xymbVzAvOCqsQZVBUvWM8u90IJwEJJWZICMcyY+mliEuKGRnrbiJIjPAQ9YmjZIgCIrw0//kYHiqnC3sRVzuUMHf/TqQoEGIU+KozQHIgpllmzmNOInvnXkrDOJEkxJOLegmDMoJZjLBLOcGSjZRAmFP1VogHiCMsVdhZCNb0l2dF87hqnVatu5Ny7bKIowT2wQE4AhY4AzVwDeqgATB4BK/gHXxoT9qb9ql9TVoXtGJmD/wr7fsHfamkYw==</latexit>

D =
⇥
D0 D00⇤ =

⇥
D0 D0M

⇤
= D0⇥I M

⇤

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="JtQZVY9hyU4pH0kKqOL2lVNXoSw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ1IPHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEml+7QNeq7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQVZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0zmr+Rc1/OK/Wb4o4ynAEx3AKPlxCHe6hAU0gMIJneIU3RzgvzrvzMW8tOcXMIfyB8/kDxt+NaQ==</latexit>

D =
<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="elik4Xnc1nD6fZwNxQ/UzKqRFtY=">AAACHnicbVDLSgMxFM347viqunQTLIIby0TwsSy6calgH9gZSiZzW4OZzJBkpGXoh4gb/8BvcONCEcGVfo2mrfi+kHA451zuvSdMBdfG816dsfGJyanpmYI7Oze/sFhcWq7pJFMMqiwRiWqEVIPgEqqGGwGNVAGNQwH18PxgoNcvQGmeyBPTSyGIaUfyNmfUWKpV3PZD6HCZhzE1inf7rod9390kg598Qc/1QUafrlax5JW9YeG/gHyAUqWQXp7edN+OWsVnP0pYFoM0TFCtm8RLTZBTZTgT0Hf9TENK2TntQNNCSWPQQT48r4/XLRPhdqLskwYP2e8dOY217sWhddr9zvRvbUD+pzUz094Lci7TzIBko0HtTGCT4EFWOOIKmBE9CyhT3O6K2RlVlBmbqGtDIL9P/gtqW2WyUybHpFTZR6OaQatoDW0ggnZRBR2iI1RFDF2hW3SPHpxr5855dJ5G1jHno2cF/Sjn5R1p1aNN</latexit> 2

66664

0
�1
1
�1
0

3

77775

<latexit sha1_base64="gMAoaZTliyrq8p0CdM3pVdymiM8="></latexit>2

664

1 0 0 0 �1 0 �1 0
0 1 0 0 0 �1 0 �1
0 0 1 0 0 0 �1 1
0 0 0 1 0 0 0 �1

3

775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="CV2aKoCEdSFpYk0sYgbsX0rgQWU=">AAACEXicbVC7SgNBFJ31mayvqKXNYBDSGHYt1DJoo4UQwTwwG8Ls5CYZMju7zMxKwpJfsLHyK2xsLBSxtbPza3TyQDTxwIXDOfdy7z1+xJnSjvNpzc0vLC4tp9L2yura+kZmc6uswlhSKNGQh7LqEwWcCShppjlUIwkk8DlU/O7p0K/cgFQsFFe6H0E9IG3BWowSbaRGJuf50GYi8QOiJesNsH2BPQ/b++fY9kA0f4xGJuvknRHwLHEnJFtIR/fXD72vYiPz4TVDGgcgNOVEqZrrRLqeEKkZ5TCwvVhBRGiXtKFmqCABqHoy+miA94zSxK1QmhIaj9TfEwkJlOoHvuk093XUtDcU//NqsW4d1xMmoliDoONFrZhjHeJhPLjJJFDN+4YQKpm5FdMOkYRqE6JtQnCnX54l5YO8e5h3L91s4QSNkUI7aBflkIuOUAGdoSIqIYpu0SN6Ri/WnfVkvVpv49Y5azKzjf7Aev8Gmo2f+w==</latexit>
M
�I

�
<latexit sha1_base64="IbzFz/IN2HkujFeL3+HrWUUJVjc=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYrEbl1XsBdqhZNJMG5rJhCQjlKFv4MaFIm77MO7diG9jello9YfAx/+fQ845oeRMG8/7cnIrq2vrG/lNd2t7Z3evsH/Q0EmqCK2ThCeqFWJNORO0bpjhtCUVxXHIaTMcVqd584EqzRJxb0aSBjHuCxYxgo217qrlbqHolbyZ0F/wF1C8enfLcvLp1rqFj04vIWlMhSEca932PWmCDCvDCKdjt5NqKjEZ4j5tWxQ4pjrIZpOO0Yl1eihKlH3CoJn7syPDsdajOLSVMTYDvZxNzf+ydmqiyyBjQqaGCjL/KEo5Mgmaro16TFFi+MgCJorZWREZYIWJscdx7RH85ZX/QuOs5J+X/Fu/WLmGufJwBMdwCj5cQAVuoAZ1IBDBIzzDizN0npxX521emnMWPYfwS87kG3lekFI=</latexit>

C =
<latexit sha1_base64="Q6SuV8MGjsKeV5J+Z+3MxA6tIe0="></latexit>2

66666666664

�1 0 �1 0
0 �1 0 �1
0 0 �1 1
0 0 0 �1
�1 0 0 0
0 �1 0 0
0 0 �1 0
0 0 0 �1

3

77777777775

<latexit sha1_base64="yHdA6znehnkaGEcUxYGpkiTeKAE="></latexit>

DC =
⇥
D0 D00⇤


M
�I

�
= D0M �D00 = 0



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

Domain & Co-Domain Interpretation



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx
<latexit sha1_base64="ec0MIi7o/DIYDenGFajj05JL6HE=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H49vcbz9RpVksH80koYHAQ8kiRrDJpQd0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfPvz6v1myKOMhzBMZyCD5dQhztoQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4A3ciNeA==</latexit>

S =
<latexit sha1_base64="qajhplhrRRbHUR4e4KPFhbB5aso=">AAACHXicbVDLSsNAFJ34rPEVdelmsAhuLIkUdVl047KCfUATymRy2w6dTMLMRCyhP+LGX3HjQhEXbsS/cfpAbOuFGQ7nnMu994QpZ0q77re1tLyyurZe2LA3t7Z3dp29/bpKMkmhRhOeyGZIFHAmoKaZ5tBMJZA45NAI+9cjvXEPUrFE3OlBCkFMuoJ1GCXaUG2n7IfQZSIPY6Ilexjapx72fezOfp7tg4h+TW2n6JbcceFF4E1BEU2r2nY+/SihWQxCU06UanluqoOcSM0oh6HtZwpSQvukCy0DBYlBBfn4uiE+NkyEO4k0T2g8Zv925CRWahCHxmn266l5bUT+p7Uy3bkMcibSTIOgk0GdjGOd4FFUOGISqOYDAwiVzOyKaY9IQrUJ1DYhePMnL4L6Wck7L3m35WLlahpHAR2iI3SCPHSBKugGVVENUfSIntErerOerBfr3fqYWJesac8Bminr6wdewZ+e</latexit>2
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Domain:

Domain & Co-Domain Interpretation



<latexit sha1_base64="peBpo5YXfyPMshzaysvps5FCNlg=">AAACIXicbVDLSgMxFM3UVx1fVZdugkVwY5kpProsunFZwT6gM5RM5rYNzWSGJCOWob/ixl9x40KR7sSfMX0g2nog3MM595J7T5BwprTjfFq5ldW19Y38pr21vbO7V9g/aKg4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcDPxmw8gFYvFvR4m4EekJ1iXUaKN1ClUvAB6TGRBRLRkjyP7zMWeh53SxaSUZ3xaXNsDEf40dgpFp+RMgZeJOydFNEetUxh7YUzTCISmnCjVdp1E+xmRmlEOI9tLFSSEDkgP2oYKEoHys+mFI3xilBB3Y2me0Hiq/p7ISKTUMApMp9mvrxa9ifif1051t+JnTCSpBkFnH3VTjnWMJ3HhkEmgmg8NIVQysyumfSIJ1SZU24TgLp68TBrlkntZcu/Oi9XreRx5dISO0Sly0RWqoltUQ3VE0RN6QW/o3Xq2Xq0PazxrzVnzmUP0B9bXN1bwoIs=</latexit>2
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Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1
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<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx
<latexit sha1_base64="ec0MIi7o/DIYDenGFajj05JL6HE=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H49vcbz9RpVksH80koYHAQ8kiRrDJpQd0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfPvz6v1myKOMhzBMZyCD5dQhztoQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4A3ciNeA==</latexit>

S =

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Domain:

Domain & Co-Domain Interpretation



<latexit sha1_base64="peBpo5YXfyPMshzaysvps5FCNlg=">AAACIXicbVDLSgMxFM3UVx1fVZdugkVwY5kpProsunFZwT6gM5RM5rYNzWSGJCOWob/ixl9x40KR7sSfMX0g2nog3MM595J7T5BwprTjfFq5ldW19Y38pr21vbO7V9g/aKg4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcDPxmw8gFYvFvR4m4EekJ1iXUaKN1ClUvAB6TGRBRLRkjyP7zMWeh53SxaSUZ3xaXNsDEf40dgpFp+RMgZeJOydFNEetUxh7YUzTCISmnCjVdp1E+xmRmlEOI9tLFSSEDkgP2oYKEoHys+mFI3xilBB3Y2me0Hiq/p7ISKTUMApMp9mvrxa9ifif1051t+JnTCSpBkFnH3VTjnWMJ3HhkEmgmg8NIVQysyumfSIJ1SZU24TgLp68TBrlkntZcu/Oi9XreRx5dISO0Sly0RWqoltUQ3VE0RN6QW/o3Xq2Xq0PazxrzVnzmUP0B9bXN1bwoIs=</latexit>2
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Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx
<latexit sha1_base64="ec0MIi7o/DIYDenGFajj05JL6HE=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H49vcbz9RpVksH80koYHAQ8kiRrDJpQd0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfPvz6v1myKOMhzBMZyCD5dQhztoQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4A3ciNeA==</latexit>

S =

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Domain & Co-Domain Interpretation



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

Domain & Co-Domain Interpretation

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

…value function on nodes

Domain & Co-Domain Interpretation

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Value 
Function

Cost-to-go
Potential value

“Height” - gravitational potential

Domain & Co-Domain Interpretation

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Value 
Function

Cost-to-go
Potential value

“Height” - gravitational potential

Domain & Co-Domain Interpretation

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2 <latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6
<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Value 
Function

Cost-to-go
Potential value

“Height” - gravitational potential

Domain & Co-Domain Interpretation

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2 <latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Domain & Co-Domain Interpretation

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="TURbboQpOn4w7IJlmMBV1KfW1mA=">AAACEnicbVC7TsMwFHXKq5RXgJHFokLAQJUgBCxIFTAwFqkvKQmR4962Vp2HbIeqivoNLPwKCwMIsTKx8Te4jwEKR7J1fM69ur4nSDiTyrK+jNzc/MLiUn65sLK6tr5hbm7VZZwKCjUa81g0AyKBswhqiikOzUQACQMOjaB3NfIb9yAki6OqGiTghaQTsTajRGnJNw/dgHWc/l31Go+Y5wO+wH2f4SN9Z2x/qJ+uIqkPvlm0StYY+C+xp6SIpqj45qfbimkaQqQoJ1I6tpUoLyNCMcphWHBTCQmhPdIBR9OIhCC9bLzSEO9ppYXbsdAnUnis/uzISCjlIAx0ZUhUV856I/E/z0lV+9zLWJSkCiI6GdROOVYxHuWDW0wAVXygCaGC6b9i2iWCUKVTLOgQ7NmV/5L6cck+Ldm3J8Xy5TSOPNpBu+gA2egMldENqqAaougBPaEX9Go8Gs/Gm/E+Kc0Z055t9AvGxzcei5ve</latexit>⇥
wTD

⇤
e
= wi � wi0 = ⌧e



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Domain & Co-Domain Interpretation

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="zXKBTmrdoCq0wYB7xfksbNoa5j0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpRERN0IRV24rJA+oEnLZDpph04mYWailNCNG3/FjQtF3PoP7vwbJ20X2nrgwuGce7n3Hj9mVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFoukjSRjlpKaoYqQZC4JCn5GGP7jO/MY9EZJG3FHDmHgh6nEaUIyUljrmfumh7Ry7IVJ9P0jtUds5uoGX0FUoaTsds2iVrTHgPLGnpAimqHbML7cb4SQkXGGGpGzZVqy8FAlFMSOjgptIEiM8QD3S0pSjkEgvHX8xgoda6cIgErq4gmP190SKQimHoa87s3PlrJeJ/3mtRAUXXkp5nCjC8WRRkDCoIphFArtUEKzYUBOEBdW3QtxHAmGlgyvoEOzZl+dJ/aRsn5Xtu9Ni5WoaRx7sgQNQAjY4BxVwC6qgBjB4BM/gFbwZT8aL8W58TFpzxnRmF/yB8fkDU8CXMA==</latexit>

(wT + 1T )D = ⌧T
Constant shift  

(doesn’t change 

tension)



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Domain & Co-Domain Interpretation

<latexit sha1_base64="zXKBTmrdoCq0wYB7xfksbNoa5j0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpRERN0IRV24rJA+oEnLZDpph04mYWailNCNG3/FjQtF3PoP7vwbJ20X2nrgwuGce7n3Hj9mVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFoukjSRjlpKaoYqQZC4JCn5GGP7jO/MY9EZJG3FHDmHgh6nEaUIyUljrmfumh7Ry7IVJ9P0jtUds5uoGX0FUoaTsds2iVrTHgPLGnpAimqHbML7cb4SQkXGGGpGzZVqy8FAlFMSOjgptIEiM8QD3S0pSjkEgvHX8xgoda6cIgErq4gmP190SKQimHoa87s3PlrJeJ/3mtRAUXXkp5nCjC8WRRkDCoIphFArtUEKzYUBOEBdW3QtxHAmGlgyvoEOzZl+dJ/aRsn5Xtu9Ni5WoaRx7sgQNQAjY4BxVwC6qgBjB4BM/gFbwZT8aL8W58TFpzxnRmF/yB8fkDU8CXMA==</latexit>

(wT + 1T )D = ⌧T
Constant shift  

(doesn’t change 

tension)

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Domain & Co-Domain Interpretation

<latexit sha1_base64="zXKBTmrdoCq0wYB7xfksbNoa5j0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpRERN0IRV24rJA+oEnLZDpph04mYWailNCNG3/FjQtF3PoP7vwbJ20X2nrgwuGce7n3Hj9mVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFoukjSRjlpKaoYqQZC4JCn5GGP7jO/MY9EZJG3FHDmHgh6nEaUIyUljrmfumh7Ry7IVJ9P0jtUds5uoGX0FUoaTsds2iVrTHgPLGnpAimqHbML7cb4SQkXGGGpGzZVqy8FAlFMSOjgptIEiM8QD3S0pSjkEgvHX8xgoda6cIgErq4gmP190SKQimHoa87s3PlrJeJ/3mtRAUXXkp5nCjC8WRRkDCoIphFArtUEKzYUBOEBdW3QtxHAmGlgyvoEOzZl+dJ/aRsn5Xtu9Ni5WoaRx7sgQNQAjY4BxVwC6qgBjB4BM/gFbwZT8aL8W58TFpzxnRmF/yB8fkDU8CXMA==</latexit>

(wT + 1T )D = ⌧T
Constant shift  

(doesn’t change 

tension)

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Incidence Matrix - Column Geometry
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

…mass flow on edges
<latexit sha1_base64="yhPNSHHA/QUut3b9Tr6Sr9kbJTY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFiBkBgLog+pCZXjOq1Vx4lsB1GlGVn4FRYGEGLlE9j4G5w0A7QcydLxOffq3nu8iFGpLOvbmJtfWFxaLq2UV9fWNzbNre2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhRea37omQNOS3ahQRN0B9Tn2KkdJS19x7gA7lToDUwPOSm/QuGecfjFhymY7TrlmxqlYOOEvsglRAgXrX/HJ6IY4DwhVmSMqObUXKTZBQFDOSlp1YkgjhIeqTjqYcBUS6SX5ICg+00oN+KPTjCubq744EBVKOAk9XZkvKaS8T//M6sfLP3ITyKFaE48kgP2ZQhTBLBfaoIFixkSYIC6p3hXiABMJKZ1fWIdjTJ8+S5lHVPqna18eV2nkRRwnsgn1wCGxwCmrgCtRBA2DwCJ7BK3gznowX4934mJTOGUXPDvgD4/MH3Smahw==</latexit>

x 2 R|E|Domain:

<latexit sha1_base64="gtgmSFhGECTNvMt9g8phVb6jI+c=">AAAB+XicbVDLSgNBEOz1mcTXqkcvg0EQhLDrQb0IwVw8RjAPTJYwO5lNhszOLjOzIXHJhwhePCjixYN/4s2v0cnjoIkFDUVVN91dfsyZ0o7zZS0tr6yurWeyuY3Nre0de3evqqJEElohEY9k3ceKciZoRTPNaT2WFIc+pzW/Vxr7tT6VikXiVg9j6oW4I1jACNZGatn2AF2ipo9lOhihE1S6b9l5p+BMgBaJOyP5YjZ+uHsffJdb9mezHZEkpEITjpVquE6svRRLzQino1wzUTTGpIc7tGGowCFVXjq5fISOjNJGQSRNCY0m6u+JFIdKDUPfdIZYd9W8Nxb/8xqJDi68lIk40VSQ6aIg4UhHaBwDajNJieZDQzCRzNyKSBdLTLQJK2dCcOdfXiTV04J7VnBv3HzxCqbIwAEcwjG4cA5FuIYyVIBAHx7hGV6s1HqyXq23aeuSNZvZhz+wPn4A3CiWPg==</latexit>

x = x̄+ Cz
Specific

Solution

Cyclic

Flow

Edge flow 
vector 

Non- 
conserved 

flow

<latexit sha1_base64="s97M3yf49dQCIl9nqey6ypUZV90=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEc0DkiXMTibJkNnZZaZXDEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33jk2ohIPeAo5n5I+0r0BKNopcY9uSQ3T6RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NwxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyO+kKzRnKkSWUaWFvJWxANWVoEyrYELz5lxdJ/aTsnZW9u9NS5SqLIw8HcAjH4ME5VOAWqlADBkN4hld4c2LnxXl3PmatOSeb2Yc/cD5/AJ2KjnI=</latexit>

S = Dx

Co-domain: …source-sink on nodes
…value function on nodes

<latexit sha1_base64="iOH7P6fBL5NHeFFrbCOEz7Wzo4M=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExVQlCwFjBwlgQfUhtqRzXaa06TmQ7oCrNysKvsDCAECt/wMbf4KQdoOVIlo7PuVf33uNFnCntON/WwuLS8spqYa24vrG5tW3v7NZVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q0vM79xT6ViobjVo4h2AtwXzGcEayN1bfSA2kygdoD1wPOSm/QuGecfgnlST8dp1y45ZScHmifulJRgimrX/mr3QhIHVGjCsVIt14l0J8FSM8JpWmzHikaYDHGftgwVOKCqk+SXpOjQKD3kh9I8oVGu/u5IcKDUKPBMZbakmvUy8T+vFWv/vJMwEcWaCjIZ5Mcc6RBlsaAek5RoPjIEE8nMrogMsMREm/CKJgR39uR5Uj8uu6dl9/qkVLmYxlGAfTiAI3DhDCpwBVWoAYFHeIZXeLOerBfr3fqYlC5Y0549+APr8wdQVprB</latexit>

w 2 R|V|

Edge tensionValue function

<latexit sha1_base64="MMJsGthZ8u8mBVZng6h5nUv4M/Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchqAePEfKCZBNmJ5NkyOzDmd5IWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiSFRtv+tjIrq2vrG9nN3Nb2zu5efv+gpsNYMV5loQxVw6OaSxHwKgqUvBEpTn1P8ro3vJ369RFXWoRBBccRd33aD0RPMIpGcp/alTtyTVpI43alky/YRXsGskyclBQgRbmT/2p1Qxb7PEAmqdZNx47QTahCwSSf5Fqx5hFlQ9rnTUMD6nPtJrOjJ+TEKF3SC5WpAMlM/T2RUF/rse+ZTp/iQC96U/E/rxlj78pNRBDFyAM2X9SLJcGQTBMgXaE4Qzk2hDIlzK2EDaiiDE1OOROCs/jyMqmdFZ2LovNwXijdpHFk4QiO4RQcuIQS3EMZqsDgEZ7hFd6skfVivVsf89aMlc4cwh9Ynz96wZFE</latexit>

wTD = ⌧T

Domain & Co-Domain Interpretation

<latexit sha1_base64="zXKBTmrdoCq0wYB7xfksbNoa5j0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpRERN0IRV24rJA+oEnLZDpph04mYWailNCNG3/FjQtF3PoP7vwbJ20X2nrgwuGce7n3Hj9mVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFoukjSRjlpKaoYqQZC4JCn5GGP7jO/MY9EZJG3FHDmHgh6nEaUIyUljrmfumh7Ry7IVJ9P0jtUds5uoGX0FUoaTsds2iVrTHgPLGnpAimqHbML7cb4SQkXGGGpGzZVqy8FAlFMSOjgptIEiM8QD3S0pSjkEgvHX8xgoda6cIgErq4gmP190SKQimHoa87s3PlrJeJ/3mtRAUXXkp5nCjC8WRRkDCoIphFArtUEKzYUBOEBdW3QtxHAmGlgyvoEOzZl+dJ/aRsn5Xtu9Ni5WoaRx7sgQNQAjY4BxVwC6qgBjB4BM/gFbwZT8aL8W58TFpzxnRmF/yB8fkDU8CXMA==</latexit>

(wT + 1T )D = ⌧T
Constant shift  

(doesn’t change 

tension)

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

<latexit sha1_base64="9xrIq9GTMJHRvy+BunOEe1HVRp4="></latexit>

ATA =

2

64
AT

1 A1 · · · AT
1 An

...
...

AT
nA1 · · · AT

nAn

3

75
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<latexit sha1_base64="d6os1OxkqLL805tJTIu2dvW1gz4="></latexit>

AAT =

2

64
aT1 a1 · · · aT1 am
...

...
aTma1 · · · aTmam

3

75

Review: Shape Matrices



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

<latexit sha1_base64="9xrIq9GTMJHRvy+BunOEe1HVRp4="></latexit>

ATA =

2

64
AT

1 A1 · · · AT
1 An

...
...

AT
nA1 · · · AT

nAn

3

75

<latexit sha1_base64="d6os1OxkqLL805tJTIu2dvW1gz4="></latexit>

AAT =

2

64
aT1 a1 · · · aT1 am
...

...
aTma1 · · · aTmam

3

75

<latexit sha1_base64="ewp84QVNTQ8BMYbu3SMhFeaeFXE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8da7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbRSo3HdL1fcqjsH+Uu8nFQgR71f/uwNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmxyoCEsbalkMzVnxMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PJf0jqrehdV7/68UrvJ4yjCERzDKXhwCTW4gzo0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPbzZijSc=</latexit>

RA rotate columns of A…
….relative geometry stays the same. 

rotate rows of A…
….relative geometry stays the same. 

<latexit sha1_base64="Mk7gxb8U+Rjbi/C7kxa4h1jmYxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8da7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbRS47rRL1fcqjsH+Uu8nFQgR71f/uwNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmxyoCEsbalkMzVnxMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PJf0jqrehdV7/68UrvJ4yjCERzDKXhwCTW4gzo0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPbzZRjSc=</latexit>

AR

<latexit sha1_base64="rx4t4H5RZNAL6fPIKBfBDriTL7M=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGVpUoQAhakBhbGUvUltWnluE5r1XEi20Gqoi4s/AoLAwix8g9s/A1OmwFajuyro3PulX2PFzEqlWV9G0vLK6tr67mN/ObW9s6uubffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3uk395gMRkoa8psYRcQM04NSnGCkt9cyjYtU57dbSCq+h061V9XFm1OmZBatkTQEXiZ2RAshQ6ZlfnX6I44BwhRmSsm1bkXITJBTFjEzynViSCOERGpC2phwFRLrJdIsJPNFKH/qh0JcrOFV/TyQokHIceLozQGoo571U/M9rx8q/chPKo1gRjmcP+TGDKoRpJLBPBcGKjTVBWFD9V4iHSCCsdHB5HYI9v/IiaZyV7IuSfX9eKN9kceTAITgGRWCDS1AGd6AC6gCDR/AMXsGb8WS8GO/Gx6x1ychmDsAfGJ8/2a2U+w==</latexit>

(RA)T (RA) = ATRTRA = ATA

<latexit sha1_base64="kLjAgDmTJwHYV13uJDwO0Ss7STw=">AAACBXicbVC7SgNBFL3rM8bXqqUWg0GITdgVURsh0cYyhrwg2YTZyWwyZPbBzKwQljQ2/oqNhSK2/oOdf+NskkITD1zmcM693LnHjTiTyrK+jaXlldW19cxGdnNre2fX3NuvyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7vE39xgMVkoVBVY0i6vi4HzCPEay01DWP8qXKaVqdKrpGpUqlUy1NqX66Zs4qWBOgRWLPSA5mKHfNr3YvJLFPA0U4lrJlW5FyEiwUI5yOs+1Y0giTIe7TlqYB9ql0kskVY3SilR7yQqErUGii/p5IsC/lyHd1p4/VQM57qfif14qVd+UkLIhiRQMyXeTFHKkQpZGgHhOUKD7SBBPB9F8RGWCBidLBZXUI9vzJi6R+VrAvCvb9ea54M4sjA4dwDHmw4RKKcAdlqAGBR3iGV3gznowX4934mLYuGbOZA/gD4/MH2AGU+w==</latexit>

(AR)(AR)T = ARRTAT = AAT

Review: Shape Matrices



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

“Shape” of the columns of A
<latexit sha1_base64="hVryh/JC1adEnnPYmwGfsy8wHjg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY+tXjxW6Be0a8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMviDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNM7jK/80SVZpFsmmlMfYFHkoWMYJNJ9cdmfVCuuFV3DrRKvJxUIEdjUP7qDyOSCCoN4VjrnufGxk+xMoxwOiv1E01jTCZ4RHuWSiyo9tP5rTN0ZpUhCiNlSxo0V39PpFhoPRWB7RTYjPWyl4n/eb3EhDd+ymScGCrJYlGYcGQilD2OhkxRYvjUEkwUs7ciMsYKE2PjKdkQvOWXV0n7oupdVb2Hy0rtNo+jCCdwCufgwTXU4B4a0AICY3iGV3hzhPPivDsfi9aCk88cwx84nz91xI3c</latexit>

ATA

Review: Shape Matrices



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices

“Shape” of the columns of A
<latexit sha1_base64="hVryh/JC1adEnnPYmwGfsy8wHjg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY+tXjxW6Be0a8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMviDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNM7jK/80SVZpFsmmlMfYFHkoWMYJNJ9cdmfVCuuFV3DrRKvJxUIEdjUP7qDyOSCCoN4VjrnufGxk+xMoxwOiv1E01jTCZ4RHuWSiyo9tP5rTN0ZpUhCiNlSxo0V39PpFhoPRWB7RTYjPWyl4n/eb3EhDd+ymScGCrJYlGYcGQilD2OhkxRYvjUEkwUs7ciMsYKE2PjKdkQvOWXV0n7oupdVb2Hy0rtNo+jCCdwCufgwTXU4B4a0AICY3iGV3hzhPPivDsfi9aCk88cwx84nz91xI3c</latexit>

ATA



<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2

General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices

“Shape” of the columns of A More

Accurate



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

Analogy: <latexit sha1_base64="/xisbhFDWhYPRJ82n9P0Nq+tfq4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxG5cV7AOaUCbTSTt0Mgkzk0IN/RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tkobm1vbO+Xdyt7+weGRfXzSUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024waeZ+d0qlYrF41LOE+hEeCRYygrWRBrb9hDwmkBdhPQ6CrDkf2FWn5iyA1olbkCoUaA3sL28YkzSiQhOOleq7TqL9DEvNCKfzipcqmmAywSPaN1TgiCo/WySfowujDFEYS/OERgv190aGI6VmUWAm84Rq1cvF/7x+qsNbP2MiSTUVZHkoTDnSMcprQEMmKdF8ZggmkpmsiIyxxESbsiqmBHf1y+ukc1Vz6zX34brauCvqKMMZnMMluHADDbiHFrSBwBSe4RXerMx6sd6tj+VoySp2TuEPrM8fAjmTQw==</latexit>

z 2 C
<latexit sha1_base64="iQRdcF+3cg8t6GZBia3ybSThTdc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCeCiJiHoRil48VrAf0May2W7bpZtN3J0obdqf4sWDIl79Jd78N27bHLT1wcDjvRlm5vmR4Boc59vKLC2vrK5l13Mbm1vbO3Z+t6rDWFFWoaEIVd0nmgkuWQU4CFaPFCOBL1jN719P/NojU5qH8g4GEfMC0pW8wykBI7Xs/Gg4wpe4qR8UJMP74+G4ZRecojMFXiRuSgooRbllfzXbIY0DJoEKonXDdSLwEqKAU8HGuWasWURon3RZw1BJAqa9ZHr6GB8apY07oTIlAU/V3xMJCbQeBL7pDAj09Lw3Ef/zGjF0LryEyygGJulsUScWGEI8yQG3uWIUxMAQQhU3t2LaI4pQMGnlTAju/MuLpHpSdM+K7u1poXSVxpFF++gAHSEXnaMSukFlVEEUPaFn9IrerJH1Yr1bH7PWjJXO7KE/sD5/ABSdk+Q=</latexit>

|z| =
p
z⇤z

<latexit sha1_base64="3uUfMUUTr9drrJxPP+htZw2mz1Y=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQiewoyIehGCXjxGMAskY+jp1CRNeha6ewLJJH/ixYMiXv0Tb/6NneWgiQ8KHu9VUVXPTwRX2nG+rZXVtfWNzdxWfntnd2/fPjisqjiVDCssFrGs+1Sh4BFWNNcC64lEGvoCa37vbuLX+igVj6NHPUjQC2kn4gFnVBupZdtDckNGwxE+ZbyZdPm4ZRecojMFWSbunBRgjnLL/mq2Y5aGGGkmqFIN10m0l1GpORM4zjdThQllPdrBhqERDVF52fTyMTk1SpsEsTQVaTJVf09kNFRqEPqmM6S6qxa9ifif10h1cO1lPEpSjRGbLQpSQXRMJjGQNpfItBgYQpnk5lbCulRSpk1YeROCu/jyMqmeF93LovtwUSjdzuPIwTGcwBm4cAUluIcyVIBBH57hFd6szHqx3q2PWeuKNZ85gj+wPn8AV0STew==</latexit>

z = |z|ei�



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

“Column 
version”

Polar 
Decomposition

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2

PSD “shape"Rotation

Analogy: <latexit sha1_base64="/xisbhFDWhYPRJ82n9P0Nq+tfq4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxG5cV7AOaUCbTSTt0Mgkzk0IN/RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tkobm1vbO+Xdyt7+weGRfXzSUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024waeZ+d0qlYrF41LOE+hEeCRYygrWRBrb9hDwmkBdhPQ6CrDkf2FWn5iyA1olbkCoUaA3sL28YkzSiQhOOleq7TqL9DEvNCKfzipcqmmAywSPaN1TgiCo/WySfowujDFEYS/OERgv190aGI6VmUWAm84Rq1cvF/7x+qsNbP2MiSTUVZHkoTDnSMcprQEMmKdF8ZggmkpmsiIyxxESbsiqmBHf1y+ukc1Vz6zX34brauCvqKMMZnMMluHADDbiHFrSBwBSe4RXerMx6sd6tj+VoySp2TuEPrM8fAjmTQw==</latexit>

z 2 C
<latexit sha1_base64="iQRdcF+3cg8t6GZBia3ybSThTdc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCeCiJiHoRil48VrAf0May2W7bpZtN3J0obdqf4sWDIl79Jd78N27bHLT1wcDjvRlm5vmR4Boc59vKLC2vrK5l13Mbm1vbO3Z+t6rDWFFWoaEIVd0nmgkuWQU4CFaPFCOBL1jN719P/NojU5qH8g4GEfMC0pW8wykBI7Xs/Gg4wpe4qR8UJMP74+G4ZRecojMFXiRuSgooRbllfzXbIY0DJoEKonXDdSLwEqKAU8HGuWasWURon3RZw1BJAqa9ZHr6GB8apY07oTIlAU/V3xMJCbQeBL7pDAj09Lw3Ef/zGjF0LryEyygGJulsUScWGEI8yQG3uWIUxMAQQhU3t2LaI4pQMGnlTAju/MuLpHpSdM+K7u1poXSVxpFF++gAHSEXnaMSukFlVEEUPaFn9IrerJH1Yr1bH7PWjJXO7KE/sD5/ABSdk+Q=</latexit>

|z| =
p
z⇤z

<latexit sha1_base64="3uUfMUUTr9drrJxPP+htZw2mz1Y=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQiewoyIehGCXjxGMAskY+jp1CRNeha6ewLJJH/ixYMiXv0Tb/6NneWgiQ8KHu9VUVXPTwRX2nG+rZXVtfWNzdxWfntnd2/fPjisqjiVDCssFrGs+1Sh4BFWNNcC64lEGvoCa37vbuLX+igVj6NHPUjQC2kn4gFnVBupZdtDckNGwxE+ZbyZdPm4ZRecojMFWSbunBRgjnLL/mq2Y5aGGGkmqFIN10m0l1GpORM4zjdThQllPdrBhqERDVF52fTyMTk1SpsEsTQVaTJVf09kNFRqEPqmM6S6qxa9ifif10h1cO1lPEpSjRGbLQpSQXRMJjGQNpfItBgYQpnk5lbCulRSpk1YeROCu/jyMqmeF93LovtwUSjdzuPIwTGcwBm4cAUluIcyVIBBH57hFd6szHqx3q2PWeuKNZ85gj+wPn8AV0STew==</latexit>

z = |z|ei�



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

“Column 
version”

“Row 
version”

Polar 
Decomposition

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2

PSD “shape"Rotation

RotationPSD “shape"

<latexit sha1_base64="e2P2pNpQb/yqODoNFZJ4mTzZR6U=">AAACDnicbZDLSsNAFIYn9VbrLerSzWAp1IU1KaJuhEY3Liv0Bm1aJpNJO3RyYWYilNAncOOruHGhiFvX7nwbJ20Qrf4w8POdczhzfidiVEjD+NRyS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMgQRgNSFNSyUgn4gT5DiNtZ3yd1tt3hAsaBg05iYjto2FAPYqRVGiglyx4CcuW1W8c9RPzpDrtYTeU8Bsdp8wa6EWjYswE/xozM0WQqT7QP3puiGOfBBIzJETXNCJpJ4hLihmZFnqxIBHCYzQkXWUD5BNhJ7NzprCkiAu9kKsXSDijPycS5Asx8R3V6SM5Eou1FP5X68bSu7ATGkSxJAGeL/JiBmUI02ygSznBkk2UQZhT9VeIR4gjLFWCBRWCuXjyX9OqVsyzinl7WqxdZXHkwQE4BGVggnNQAzegDpoAg3vwCJ7Bi/agPWmv2tu8NadlM/vgl7T3LzGVmG8=</latexit>

A = (AAT )1/2 · (AAT )�1/2A

Analogy: <latexit sha1_base64="/xisbhFDWhYPRJ82n9P0Nq+tfq4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxG5cV7AOaUCbTSTt0Mgkzk0IN/RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tkobm1vbO+Xdyt7+weGRfXzSUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024waeZ+d0qlYrF41LOE+hEeCRYygrWRBrb9hDwmkBdhPQ6CrDkf2FWn5iyA1olbkCoUaA3sL28YkzSiQhOOleq7TqL9DEvNCKfzipcqmmAywSPaN1TgiCo/WySfowujDFEYS/OERgv190aGI6VmUWAm84Rq1cvF/7x+qsNbP2MiSTUVZHkoTDnSMcprQEMmKdF8ZggmkpmsiIyxxESbsiqmBHf1y+ukc1Vz6zX34brauCvqKMMZnMMluHADDbiHFrSBwBSe4RXerMx6sd6tj+VoySp2TuEPrM8fAjmTQw==</latexit>

z 2 C
<latexit sha1_base64="iQRdcF+3cg8t6GZBia3ybSThTdc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCeCiJiHoRil48VrAf0May2W7bpZtN3J0obdqf4sWDIl79Jd78N27bHLT1wcDjvRlm5vmR4Boc59vKLC2vrK5l13Mbm1vbO3Z+t6rDWFFWoaEIVd0nmgkuWQU4CFaPFCOBL1jN719P/NojU5qH8g4GEfMC0pW8wykBI7Xs/Gg4wpe4qR8UJMP74+G4ZRecojMFXiRuSgooRbllfzXbIY0DJoEKonXDdSLwEqKAU8HGuWasWURon3RZw1BJAqa9ZHr6GB8apY07oTIlAU/V3xMJCbQeBL7pDAj09Lw3Ef/zGjF0LryEyygGJulsUScWGEI8yQG3uWIUxMAQQhU3t2LaI4pQMGnlTAju/MuLpHpSdM+K7u1poXSVxpFF++gAHSEXnaMSukFlVEEUPaFn9IrerJH1Yr1bH7PWjJXO7KE/sD5/ABSdk+Q=</latexit>

|z| =
p
z⇤z

<latexit sha1_base64="3uUfMUUTr9drrJxPP+htZw2mz1Y=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQiewoyIehGCXjxGMAskY+jp1CRNeha6ewLJJH/ixYMiXv0Tb/6NneWgiQ8KHu9VUVXPTwRX2nG+rZXVtfWNzdxWfntnd2/fPjisqjiVDCssFrGs+1Sh4BFWNNcC64lEGvoCa37vbuLX+igVj6NHPUjQC2kn4gFnVBupZdtDckNGwxE+ZbyZdPm4ZRecojMFWSbunBRgjnLL/mq2Y5aGGGkmqFIN10m0l1GpORM4zjdThQllPdrBhqERDVF52fTyMTk1SpsEsTQVaTJVf09kNFRqEPqmM6S6qxa9ifif10h1cO1lPEpSjRGbLQpSQXRMJjGQNpfItBgYQpnk5lbCulRSpk1YeROCu/jyMqmeF93LovtwUSjdzuPIwTGcwBm4cAUluIcyVIBBH57hFd6szHqx3q2PWeuKNZ85gj+wPn8AV0STew==</latexit>

z = |z|ei�



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

Analogy: <latexit sha1_base64="/xisbhFDWhYPRJ82n9P0Nq+tfq4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxG5cV7AOaUCbTSTt0Mgkzk0IN/RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tkobm1vbO+Xdyt7+weGRfXzSUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024waeZ+d0qlYrF41LOE+hEeCRYygrWRBrb9hDwmkBdhPQ6CrDkf2FWn5iyA1olbkCoUaA3sL28YkzSiQhOOleq7TqL9DEvNCKfzipcqmmAywSPaN1TgiCo/WySfowujDFEYS/OERgv190aGI6VmUWAm84Rq1cvF/7x+qsNbP2MiSTUVZHkoTDnSMcprQEMmKdF8ZggmkpmsiIyxxESbsiqmBHf1y+ukc1Vz6zX34brauCvqKMMZnMMluHADDbiHFrSBwBSe4RXerMx6sd6tj+VoySp2TuEPrM8fAjmTQw==</latexit>

z 2 C
<latexit sha1_base64="iQRdcF+3cg8t6GZBia3ybSThTdc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCeCiJiHoRil48VrAf0May2W7bpZtN3J0obdqf4sWDIl79Jd78N27bHLT1wcDjvRlm5vmR4Boc59vKLC2vrK5l13Mbm1vbO3Z+t6rDWFFWoaEIVd0nmgkuWQU4CFaPFCOBL1jN719P/NojU5qH8g4GEfMC0pW8wykBI7Xs/Gg4wpe4qR8UJMP74+G4ZRecojMFXiRuSgooRbllfzXbIY0DJoEKonXDdSLwEqKAU8HGuWasWURon3RZw1BJAqa9ZHr6GB8apY07oTIlAU/V3xMJCbQeBL7pDAj09Lw3Ef/zGjF0LryEyygGJulsUScWGEI8yQG3uWIUxMAQQhU3t2LaI4pQMGnlTAju/MuLpHpSdM+K7u1poXSVxpFF++gAHSEXnaMSukFlVEEUPaFn9IrerJH1Yr1bH7PWjJXO7KE/sD5/ABSdk+Q=</latexit>

|z| =
p
z⇤z

<latexit sha1_base64="3uUfMUUTr9drrJxPP+htZw2mz1Y=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQiewoyIehGCXjxGMAskY+jp1CRNeha6ewLJJH/ixYMiXv0Tb/6NneWgiQ8KHu9VUVXPTwRX2nG+rZXVtfWNzdxWfntnd2/fPjisqjiVDCssFrGs+1Sh4BFWNNcC64lEGvoCa37vbuLX+igVj6NHPUjQC2kn4gFnVBupZdtDckNGwxE+ZbyZdPm4ZRecojMFWSbunBRgjnLL/mq2Y5aGGGkmqFIN10m0l1GpORM4zjdThQllPdrBhqERDVF52fTyMTk1SpsEsTQVaTJVf09kNFRqEPqmM6S6qxa9ifif10h1cO1lPEpSjRGbLQpSQXRMJjGQNpfItBgYQpnk5lbCulRSpk1YeROCu/jyMqmeF93LovtwUSjdzuPIwTGcwBm4cAUluIcyVIBBH57hFd6szHqx3q2PWeuKNZ85gj+wPn8AV0STew==</latexit>

z = |z|ei�

“Column 
version”

“Row 
version”

Polar 
Decomposition

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2

PSD “shape"Rotation

RotationPSD “shape"

<latexit sha1_base64="e2P2pNpQb/yqODoNFZJ4mTzZR6U=">AAACDnicbZDLSsNAFIYn9VbrLerSzWAp1IU1KaJuhEY3Liv0Bm1aJpNJO3RyYWYilNAncOOruHGhiFvX7nwbJ20Qrf4w8POdczhzfidiVEjD+NRyS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMgQRgNSFNSyUgn4gT5DiNtZ3yd1tt3hAsaBg05iYjto2FAPYqRVGiglyx4CcuW1W8c9RPzpDrtYTeU8Bsdp8wa6EWjYswE/xozM0WQqT7QP3puiGOfBBIzJETXNCJpJ4hLihmZFnqxIBHCYzQkXWUD5BNhJ7NzprCkiAu9kKsXSDijPycS5Asx8R3V6SM5Eou1FP5X68bSu7ATGkSxJAGeL/JiBmUI02ygSznBkk2UQZhT9VeIR4gjLFWCBRWCuXjyX9OqVsyzinl7WqxdZXHkwQE4BGVggnNQAzegDpoAg3vwCJ7Bi/agPWmv2tu8NadlM/vgl7T3LzGVmG8=</latexit>

A = (AAT )1/2 · (AAT )�1/2A

Checking 
rotation…

<latexit sha1_base64="hKXY1uewqrYzAaIQbq3pQhjbfpM=">AAACC3icbZDLTgIxFIY7eEO8jbp000BMcCHOEKNuTEA3usOEWwID6ZQCDZ3OpO2YkAl7N76KGxca49YXcOfb2IFZCPgnTb7855ycnt8NGJXKsn6M1Mrq2vpGejOztb2zu2fuH9SlHwpMathnvmi6SBJGOakpqhhpBoIgz2Wk4Y5u43rjkQhJfV5V44A4Hhpw2qcYKW11zWy+3KmWTzrRqX1WnMQ8Z8BreN81c1bBmgoug51ADiSqdM3vds/HoUe4wgxJ2bKtQDkREopiRiaZdihJgPAIDUhLI0cekU40vWUCj7XTg31f6McVnLp/JyLkSTn2XN3pITWUi7XY/K/WClX/yokoD0JFOJ4t6ocMKh/GwcAeFQQrNtaAsKD6rxAPkUBY6fgyOgR78eRlqBcL9kXBfjjPlW6SONLgCGRBHtjgEpTAHaiAGsDgCbyAN/BuPBuvxofxOWtNGcnMIZiT8fUL97+XMw==</latexit>

(ATA)�1/2ATA(ATA)�1/2 = I



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

EVD of 
Shapes

“Column 
version”

“Row 
version”

Polar 
Decomposition

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2

PSD “shape"Rotation

RotationPSD “shape"

<latexit sha1_base64="e2P2pNpQb/yqODoNFZJ4mTzZR6U=">AAACDnicbZDLSsNAFIYn9VbrLerSzWAp1IU1KaJuhEY3Liv0Bm1aJpNJO3RyYWYilNAncOOruHGhiFvX7nwbJ20Qrf4w8POdczhzfidiVEjD+NRyS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMgQRgNSFNSyUgn4gT5DiNtZ3yd1tt3hAsaBg05iYjto2FAPYqRVGiglyx4CcuW1W8c9RPzpDrtYTeU8Bsdp8wa6EWjYswE/xozM0WQqT7QP3puiGOfBBIzJETXNCJpJ4hLihmZFnqxIBHCYzQkXWUD5BNhJ7NzprCkiAu9kKsXSDijPycS5Asx8R3V6SM5Eou1FP5X68bSu7ATGkSxJAGeL/JiBmUI02ygSznBkk2UQZhT9VeIR4gjLFWCBRWCuXjyX9OqVsyzinl7WqxdZXHkwQE4BGVggnNQAzegDpoAg3vwCJ7Bi/agPWmv2tu8NadlM/vgl7T3LzGVmG8=</latexit>

A = (AAT )1/2 · (AAT )�1/2A

<latexit sha1_base64="zliAmVvuRq4ljbYYuvFGHrfQt+c="></latexit>

(ATA)1/2 = V


⌃ 0
0 0

�
V T

<latexit sha1_base64="LR+sJsmcXH8hBkofXuXavzHdvCM="></latexit>

(AAT )1/2 = U


⌃ 0
0 0

�
UT



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

EVD of 
Shapes

“Column 
version”

“Row 
version”

Polar 
Decomposition

PSD “shape"Rotation

RotationPSD “shape"

<latexit sha1_base64="zliAmVvuRq4ljbYYuvFGHrfQt+c="></latexit>

(ATA)1/2 = V


⌃ 0
0 0

�
V T

<latexit sha1_base64="LR+sJsmcXH8hBkofXuXavzHdvCM="></latexit>

(AAT )1/2 = U


⌃ 0
0 0

�
UT

<latexit sha1_base64="OfERZzNwqgqW7HVXbodCR7bsTzU="></latexit>

U
h
⌃ 0
0 0

i
UT · UV T

<latexit sha1_base64="vLonQA5PqH0hjqlyYhJLFL8QSC4="></latexit>

UV T · V
h
⌃ 0
0 0

i
V T

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

EVD of 
Shapes

Singular 
Value 

Decomposition

<latexit sha1_base64="zliAmVvuRq4ljbYYuvFGHrfQt+c="></latexit>

(ATA)1/2 = V


⌃ 0
0 0

�
V T

<latexit sha1_base64="LR+sJsmcXH8hBkofXuXavzHdvCM="></latexit>

(AAT )1/2 = U


⌃ 0
0 0

�
UT

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2
<latexit sha1_base64="AW8irvEEtJ9g1/U9h+UHoOlYFd0="></latexit>

U
h
⌃ 0
0 0

i
V T



General Matrix
<latexit sha1_base64="na1UbqqaLI6dxt+O+TEFgIvYlA0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLqxmUV+4Amlsl00g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nuCmFGlHefbKi0sLi2vlFcra+sbm1v29k5LRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB0lfvtByIVjcSdHsfE52ggaEgx0kbq2fsX0KMCehzpYRCkt9l9yqGnKScKiqxnV52aMwGcJ25BqqBAo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQVL1EkRniEBqRrqEBmj59O3sjgoVH6MIykKaHhRP09kSKu1JgHpjM/V816ufif1010eO6nVMSJJgJPF4UJgzqCeSawTyXBmo0NQVhScyvEQyQR1ia5ignBnX15nrSOa+5pzb05qdYvizjKYA8cgCPggjNQB9egAZoAg0fwDF7Bm/VkvVjv1se0tWQVM7vgD6zPH4XOmIo=</latexit>

A 2 Rm⇥n

<latexit sha1_base64="a67YPttjSZMAaG2GMqUu/NZfdCg="></latexit>

A =

2

4
| |
A1 · · · An

| |

3

5

<latexit sha1_base64="fXHLTuGaDzj+CrSIfzk107UzGFg="></latexit>

=

2

64
� aT1 �

...
� aTm �

3

75

cols…

rows…

Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0 Review: Shape Matrices
<latexit sha1_base64="mNdU15dJO8WKQ1iMspH151bTS2M=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvW+o3aZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8L+pBl</latexit>

(ATA)1/2 “Shape” of rows
<latexit sha1_base64="O42fZdNVpaPN4lRcS1X55K/GAyM=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF2wJUY+gF4+Y8JVAIdtlCxu222Z3a0Ia/oYXDxrj1T/jzX/jAj0o+JJJXt6bycw8L+JMadv+tjIbm1vbO9nd3N7+weFR/vikpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcj/3209UKhaKhp5G1A3wSDCfEayN1CvWav3GZT9xrsqzQb5gl+wF0DpxUlKAFPVB/qs3DEkcUKEJx0p1HTvSboKlZoTTWa4XKxphMsEj2jVU4IAqN1ncPEMXRhkiP5SmhEYL9fdEggOlpoFnOgOsx2rVm4v/ed1Y+7duwkQUayrIcpEfc6RDNA8ADZmkRPOpIZhIZm5FZIwlJtrElDMhOKsvr5NWueRcl5zHSqF6l8aRhTM4hyI4cANVeIA6NIFABM/wCm9WbL1Y79bHsjVjpTOn8AfW5w8LypBl</latexit>

(AAT )1/2“Shape” of columns

EVD of 
Shapes

Singular 
Value 

Decomposition

<latexit sha1_base64="zliAmVvuRq4ljbYYuvFGHrfQt+c="></latexit>

(ATA)1/2 = V


⌃ 0
0 0

�
V T

<latexit sha1_base64="LR+sJsmcXH8hBkofXuXavzHdvCM="></latexit>

(AAT )1/2 = U


⌃ 0
0 0

�
UT

<latexit sha1_base64="F78O5Vcjbgl4G8E1/7+DJCKrWc0=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKXViTIupGaHTjskJv0KZlMpm0QycXZiZCCX0DN76KGxeKuHXrzrdx0kbQ1h8Gfr5zDmfO70SMCmkYX9rC4tLyympuLb++sbm1re/sNkQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGd6k9eY94YKGQU2OImL7qB9Qj2IkFerpRxa8glbR6tas425yYp6Wx7CD3VBC+ANT1tMLRsmYCM4bMzMFkKna0z87bohjnwQSMyRE2zQiaSeIS4oZGec7sSARwkPUJ21lA+QTYSeTe8bwUBEXeiFXL5BwQn9PJMgXYuQ7qtNHciBmayn8r9aOpXdpJzSIYkkCPF3kxQzKEKbhQJdygiUbKYMwp+qvEA8QR1iqCPMqBHP25HnTKJfM85J5d1aoXGdx5MA+OABFYIILUAG3oArqAIMH8ARewKv2qD1rb9r7tHVBy2b2wB9pH9+LMJiZ</latexit>

A = A(ATA)�1/2 · (ATA)1/2
<latexit sha1_base64="AW8irvEEtJ9g1/U9h+UHoOlYFd0="></latexit>

U
h
⌃ 0
0 0

i
V T

for singular 
vectors 

w/ non-zero 
values

<latexit sha1_base64="2or/T8Mh/s9B10zAOkzUCMYbbkg=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XqxZKIqBeh6sVjRdMW2lg22027dHcTdjdCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeUHMqNKO820tLC4tr6wW1orrG5tb2/bObkNFicTEwxGLZCtAijAqiKepZqQVS4J4wEgzGF6P/eYjkYpG4l6nMfE56gsaUoy0kbp2yavAC3jZqHTuaJ+jh+zIHXXtslN1JoDzxM1JGeSod+2vTi/CCSdCY4aUartOrP0MSU0xI6NiJ1EkRniI+qRtqECcKD+bHD+CB0bpwTCSpoSGE/X3RIa4UikPTCdHeqBmvbH4n9dOdHjuZ1TEiSYCTxeFCYM6guMkYI9KgjVLDUFYUnMrxAMkEdYmr6IJwZ19eZ40jqvuadW9PSnXrvI4CmAP7IND4IIzUAM3oA48gEEKnsEreLOerBfr3fqYti5Y+UwJ/IH1+QMcuZMn</latexit>

U 0 = AV 0⌃�1
<latexit sha1_base64="y3kklpmGF3wOJsKn7qYu5/g9GKQ=">AAACBHicbVBNS8NAEN34WetX1GMvi0X0YklE1ItQ9eKxYtMW2rRstpt26WYTdjdCCTl48a948aCIV3+EN/+NmzYHbX0w8Hhvhpl5XsSoVJb1bSwsLi2vrBbWiusbm1vb5s5uQ4axwMTBIQtFy0OSMMqJo6hipBUJggKPkaY3usn85gMRkoa8rsYRcQM04NSnGCkt9cxS0jhMu3V4CTv3dBCgbnJsp4mTaVc9s2xVrAngPLFzUgY5aj3zq9MPcRwQrjBDUrZtK1JugoSimJG02IkliRAeoQFpa8pRQKSbTJ5I4YFW+tAPhS6u4ET9PZGgQMpx4OnOAKmhnPUy8T+vHSv/wk0oj2JFOJ4u8mMGVQizRGCfCoIVG2uCsKD6VoiHSCCsdG5FHYI9+/I8aZxU7LOKfXdarl7ncRRACeyDI2CDc1AFt6AGHIDBI3gGr+DNeDJejHfjY9q6YOQze+APjM8fmKiWyw==</latexit>

V 0T = ⌃�1U 0TA



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

Action:
<latexit sha1_base64="28s3grg38H2qArskjLcWA5jW6FA=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ERxXxAcoS9zVyyZG/v2N0TwpF/YGOhiK3/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HCX9soVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2aXTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpm+TPlfIjBhbQpni9lbChlRRZmw4JRuCt/jyMmmeVb2Lqnd/Xqld53EU4QiO4RQ8uIQa3EIdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w98FI1V</latexit>

Lu
<latexit sha1_base64="4HtfIED6vwQkhJRWL1LxvIKfqBI=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmlMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6dtEG09MMzhnHu5954g4Uxp1/2yFhaXlldWC2v2+sbm1razs1tTcSopVGnMY9kIiALOBFQ10xwaiQQSBRzqQf9q7NfvQCoWi1s9SKAVka5gHUaJNlLbOfYD6DKRBRHRkt2PsD3Evo9tnJrPHto+iPDHbDtFt+ROgOeJl5MiylFpO59+GNM0AqEpJ0o1PTfRrYxIzSiHke2nChJC+6QLTUMFiUC1sslVI3xolBB3Ymme0Hii/u7ISKTUIApMpdmvp2a9sfif10x156KVMZGkGgSdDuqkHOsYjyPCIZNANR8YQqhkZldMe0QSqk2QtgnBmz15ntROSt5Zybs5LZYv8zgKaB8doCPkoXNURteogqqIogf0hF7Qq/VoPVtv1vu0dMHKe/bQH1gf36RzneA=</latexit>2

4
|
u
|

3

5
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ZkYYV5ANoO/YeJulRiv/M90mo5o=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUSEXVZ1IXLCvYCTSiT6aQdOpmEmYlSYh/FjQtF3Pok7nwbJ20W2vrDgY//nMOc+YOEM6Ud59sqrayurW+UNytb2zu7e3Z1v63iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyd9zsPVCoWi3s9Sagf4aFgISNYG6tvV72ADXvIQzemcvb7ds2pOzOhZXALqEGhZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqteKmiCSZjPKQ9gwJHVPnZ7PQpOjbOAIWxNCU0mrm/NzIcKTWJAjMZYT1Si73c/K/XS3V46WdMJKmmgswfClOOdIzyHNCASUo0nxjARDJzKyIjLDHRJq2KCcFd/PIytE/r7nndvTurNa6KOMpwCEdwAi5cQANuoQktIPAIz/AKb9aT9WK9Wx/z0ZJV7BzAH1mfPzHDkqs=</latexit>⇥
D

⇤ <latexit sha1_base64="1ksXNyiTKXIT28zzprj1elFofB8=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqhKEgLECBsYi9SUloXJcp7XqPGQ7SFFUfoWFAYRY+RA2/ganzQAtR7J1fM69utfHTziTyrK+jZXVtfWNzcpWdXtnd2/fPDjsyjgVhHZIzGPR97GknEW0o5jitJ8IikOf054/uSn83iMVksVRW2UJ9UI8iljACFZaGpg112cjB7no9qGt7+LlDcy61bBmQMvELkkdSrQG5pc7jEka0kgRjqV0bCtRXo6FYoTTadVNJU0wmeARdTSNcEill8+Wn6ITrQxREAt9IoVm6u+OHIdSZqGvK0OsxnLRK8T/PCdVwZWXsyhJFY3IfFCQcqRiVCSBhkxQonimCSaC6V0RGWOBidJ5VXUI9uKXl0n3rGFfNOz783rzuoyjAkdwDKdgwyU04Q5a0AECGTzDK7wZT8aL8W58zEtXjLKnBn9gfP4AlWKTcQ==</latexit>⇥
DT

⇤
“heights”

of nodes

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( …tension created in edges

… summed resulting tension on nodes



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

Action:
<latexit sha1_base64="28s3grg38H2qArskjLcWA5jW6FA=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ERxXxAcoS9zVyyZG/v2N0TwpF/YGOhiK3/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HCX9soVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2aXTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpm+TPlfIjBhbQpni9lbChlRRZmw4JRuCt/jyMmmeVb2Lqnd/Xqld53EU4QiO4RQ8uIQa3EIdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w98FI1V</latexit>

Lu
<latexit sha1_base64="4HtfIED6vwQkhJRWL1LxvIKfqBI=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmlMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6dtEG09MMzhnHu5954g4Uxp1/2yFhaXlldWC2v2+sbm1razs1tTcSopVGnMY9kIiALOBFQ10xwaiQQSBRzqQf9q7NfvQCoWi1s9SKAVka5gHUaJNlLbOfYD6DKRBRHRkt2PsD3Evo9tnJrPHto+iPDHbDtFt+ROgOeJl5MiylFpO59+GNM0AqEpJ0o1PTfRrYxIzSiHke2nChJC+6QLTUMFiUC1sslVI3xolBB3Ymme0Hii/u7ISKTUIApMpdmvp2a9sfif10x156KVMZGkGgSdDuqkHOsYjyPCIZNANR8YQqhkZldMe0QSqk2QtgnBmz15ntROSt5Zybs5LZYv8zgKaB8doCPkoXNURteogqqIogf0hF7Qq/VoPVtv1vu0dMHKe/bQH1gf36RzneA=</latexit>2

4
|
u
|

3

5
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ZkYYV5ANoO/YeJulRiv/M90mo5o=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUSEXVZ1IXLCvYCTSiT6aQdOpmEmYlSYh/FjQtF3Pok7nwbJ20W2vrDgY//nMOc+YOEM6Ud59sqrayurW+UNytb2zu7e3Z1v63iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyd9zsPVCoWi3s9Sagf4aFgISNYG6tvV72ADXvIQzemcvb7ds2pOzOhZXALqEGhZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqteKmiCSZjPKQ9gwJHVPnZ7PQpOjbOAIWxNCU0mrm/NzIcKTWJAjMZYT1Si73c/K/XS3V46WdMJKmmgswfClOOdIzyHNCASUo0nxjARDJzKyIjLDHRJq2KCcFd/PIytE/r7nndvTurNa6KOMpwCEdwAi5cQANuoQktIPAIz/AKb9aT9WK9Wx/z0ZJV7BzAH1mfPzHDkqs=</latexit>⇥
D

⇤ <latexit sha1_base64="1ksXNyiTKXIT28zzprj1elFofB8=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqhKEgLECBsYi9SUloXJcp7XqPGQ7SFFUfoWFAYRY+RA2/ganzQAtR7J1fM69utfHTziTyrK+jZXVtfWNzcpWdXtnd2/fPDjsyjgVhHZIzGPR97GknEW0o5jitJ8IikOf054/uSn83iMVksVRW2UJ9UI8iljACFZaGpg112cjB7no9qGt7+LlDcy61bBmQMvELkkdSrQG5pc7jEka0kgRjqV0bCtRXo6FYoTTadVNJU0wmeARdTSNcEill8+Wn6ITrQxREAt9IoVm6u+OHIdSZqGvK0OsxnLRK8T/PCdVwZWXsyhJFY3IfFCQcqRiVCSBhkxQonimCSaC6V0RGWOBidJ5VXUI9uKXl0n3rGFfNOz783rzuoyjAkdwDKdgwyU04Q5a0AECGTzDK7wZT8aL8W58zEtXjLKnBn9gfP4AlWKTcQ==</latexit>⇥
DT

⇤
“heights”

of nodes

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( …tension created in edges

… summed resulting tension on nodes

<latexit sha1_base64="0/rwCIfSJsH90gCE6126NeJ5dPM=">AAAB9XicbVDJSgNBEK1xjXGLevTSGAQvhhkR9SIEvXjwEMEskIyhp9OTNOlZ6K5WwpD/8OJBEa/+izf/xs5y0MQHBY/3qrqrXpBKodF1v52FxaXlldXcWn59Y3Nru7CzW9OJUYxXWSIT1Qio5lLEvIoCJW+kitMokLwe9K9Hfv2RKy2S+B4HKfcj2o1FKBhFKz20OglmZkguyfGtIe1C0S25Y5B54k1JEaaotAtf9gFmIh4jk1Trpuem6GdUoWCSD/Mto3lKWZ92edPSmEZc+9l46yE5tEqHhImyFSMZq78nMhppPYgC2xlR7OlZbyT+5zUNhhd+JuLUII/Z5KPQSIIJGUVAOkJxhnJgCWVK2F0J61FFGdqg8jYEb/bkeVI7KXlnJe/utFi+msaRg304gCPw4BzKcAMVqAIDBc/wCm/Ok/PivDsfk9YFZzqzB3/gfP4AMAiRpw==</latexit>

u̇ = �LuLinear 
ODE

Eigenvectors 
are oscillation modes

“Vibration modes” of a graph



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian
<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Laplacian

eigenvectors

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="NkvIeqwXHnsTsmGZws8jePMtSH4="></latexit>2

4
| |
U 0 1̄
| |

3

5
<latexit sha1_base64="i75T+hVLD8FEnvWk4svxe7ojHr0="></latexit>

1̄ =

2

64
1|V1| · · · 0
...

...
0 · · · 1|Vk|

3

75

<latexit sha1_base64="e4ShzbUmCDVawJsZFFZ3wmJJelY="></latexit>
� U 0T �
� 1̄T �

�

(Incidence matrix

left singular vectors)



Graph Laplacians
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =
<latexit sha1_base64="c0X6ZR9CRqrTNSBaJSL0YnQmQ9w="></latexit>2

66664

2 �1 0 �1 0
�1 3 �1 �1 0
0 �1 2 0 �1
�1 �1 0 3 �1
0 0 �1 �1 2

3

77775

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775



Degree & Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

<latexit sha1_base64="uyPRpCmq2SqIL34AOk9QoLbhew4=">AAACbXicbVHLSsNAFJ3EV42vqLjwgQwWH6uSVFGXRTcuK9gqNKVMprft0MkkzEzEErrzC935C278BSdt8VF74cLhnHu4d86ECWdKe967Zc/NLywuFZadldW19Q13c6uu4lRSqNGYx/IpJAo4E1DTTHN4SiSQKOTwGPZvc/3xGaRisXjQgwSaEekK1mGUaEO13NcghC4TWRgRLdnL0CnjE+z96SBwcnA+i8y7PIv8cUyRI4cTgGh/78Qtt+iVvFHh/8CfgCKaVLXlvgXtmKYRCE05Uarhe4luZkRqRjkMnSBVkBDaJ11oGChIBKqZjdIa4mPDtHEnlqaFxiP2tyMjkVKDKDST5sCemtZycpbWSHXnupkxkaQaBB0v6qQc6xjn0eM2k0A1HxhAqGTmVkx7RBKqzQc5JgR/+sn/Qb1c8i9L/v1FsXIziaOA9tEROkM+ukIVdIeqqIYo+rBca9fasz7tHfvAPhyP2tbEs43+lH36BSC6pyI=</latexit>2

66664

2 0 0 0 0
0 3 0 0 0
0 0 2 0 0
0 0 0 3 0
0 0 0 0 2

3

77775

<latexit sha1_base64="1p9tgT46r6ZD/cH6IEC1XUQ0yR4=">AAACbXicbVFLS8NAEN7EV42vqHjwgSwWH6eSiKjHohePCrYWmlI222m7dLMJuxuxhN78hd78C178C27bUGvrwLAf33zDzHwbJpwp7Xmflr2wuLS8Ulh11tY3Nrfc7Z2qilNJoUJjHstaSBRwJqCimeZQSySQKOTwEvbuh/WXV5CKxeJZ9xNoRKQjWJtRog3VdN+DEDpMZGFEtGRvA8fDZ9g3+fsGgTNNTMhp5RjnyjnSm213AhCtyUzcdIteyRsFngd+Doooj8em+xG0YppGIDTlRKm67yW6kRGpGeUwcIJUQUJoj3SgbqAgEahGNnJrgE8N08LtWJoUGo/Y6Y6MREr1o9AozYJdNVsbkv/V6qlu3zYyJpJUg6DjQe2UYx3jofW4xSRQzfsGECqZ2RXTLpGEavNBjjHBnz15HlQvS/51yX+6KpbvcjsK6BCdoAvkoxtURg/oEVUQRV+Wa+1bB9a3vWcf2cdjqW3lPbvoT9jnPyC6pyI=</latexit>2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

Independent

of edge direction

Degree 
Matrix

Adjacency 
Matrix

diagonal

<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|



Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

Degree 
Matrix

Adjacency 
Matrix

diagonal
<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|

Start @

node 4

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A

Adjacency 
Matrix

Edges to

Nodes

1,2, & 5


<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6



Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

Degree 
Matrix

Adjacency 
Matrix

diagonal
<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|

Start @

node 4

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="zIesJwoVT0LJextdyL/BeobQJtE=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRLxtSy6cVnBPqApZTK5bYdOJmFmIpbQL3Hjr7hxoYjgSv/GaRt8tF6Y4XDOudx7T5BwprTrflqFhcWl5ZXiqr22vrG55Wzv1FWcSgo1GvNYNgOigDMBNc00h2YigUQBh0YwuBzrjVuQisXiRg8TaEekJ1iXUaIN1XFO/AB6TGRBRLRkdyNsu9j38c/nTZHtgwi/XR2n5JbdSeF54OWghPKqdpx3P4xpGoHQlBOlWp6b6HZGpGaUw8j2UwUJoQPSg5aBgkSg2tnkvBE+MEyIu7E0T2g8YX93ZCRSahgFxmn266tZbUz+p7VS3T1vZ0wkqQZBp4O6Kcc6xuOscMgkUM2HBhAqmdkV0z6RhGqTqG1C8GZPngf1o7J3Wvauj0uVizyOItpD++gQeegMVdAVqqIaougePaJn9GI9WE/Wq/U2tRasvGcX/Snr4wuqr5+6</latexit>2

66664

0
0
0
1
0

3

77775

<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A

Powers of 
Adjacency

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6



Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

Degree 
Matrix

Adjacency 
Matrix

diagonal
<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|

Start @

node 4

Thru

Node 1


Thru

Node 2


Thru

Node 5


<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="zIesJwoVT0LJextdyL/BeobQJtE=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRLxtSy6cVnBPqApZTK5bYdOJmFmIpbQL3Hjr7hxoYjgSv/GaRt8tF6Y4XDOudx7T5BwprTrflqFhcWl5ZXiqr22vrG55Wzv1FWcSgo1GvNYNgOigDMBNc00h2YigUQBh0YwuBzrjVuQisXiRg8TaEekJ1iXUaIN1XFO/AB6TGRBRLRkdyNsu9j38c/nTZHtgwi/XR2n5JbdSeF54OWghPKqdpx3P4xpGoHQlBOlWp6b6HZGpGaUw8j2UwUJoQPSg5aBgkSg2tnkvBE+MEyIu7E0T2g8YX93ZCRSahgFxmn266tZbUz+p7VS3T1vZ0wkqQZBp4O6Kcc6xuOscMgkUM2HBhAqmdkV0z6RhGqTqG1C8GZPngf1o7J3Wvauj0uVizyOItpD++gQeegMVdAVqqIaougePaJn9GI9WE/Wq/U2tRasvGcX/Snr4wuqr5+6</latexit>2

66664

0
0
0
1
0

3

77775

<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A

Powers of 
Adjacency

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6



Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

Degree 
Matrix

Adjacency 
Matrix

diagonal
<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|

Start @

node 4

Thru

Node 1


Thru

Node 2


Thru

Node 5


<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="zIesJwoVT0LJextdyL/BeobQJtE=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRLxtSy6cVnBPqApZTK5bYdOJmFmIpbQL3Hjr7hxoYjgSv/GaRt8tF6Y4XDOudx7T5BwprTrflqFhcWl5ZXiqr22vrG55Wzv1FWcSgo1GvNYNgOigDMBNc00h2YigUQBh0YwuBzrjVuQisXiRg8TaEekJ1iXUaIN1XFO/AB6TGRBRLRkdyNsu9j38c/nTZHtgwi/XR2n5JbdSeF54OWghPKqdpx3P4xpGoHQlBOlWp6b6HZGpGaUw8j2UwUJoQPSg5aBgkSg2tnkvBE+MEyIu7E0T2g8YX93ZCRSahgFxmn266tZbUz+p7VS3T1vZ0wkqQZBp4O6Kcc6xuOscMgkUM2HBhAqmdkV0z6RhGqTqG1C8GZPngf1o7J3Wvauj0uVizyOItpD++gQeegMVdAVqqIaougePaJn9GI9WE/Wq/U2tRasvGcX/Snr4wuqr5+6</latexit>2

66664

0
0
0
1
0

3

77775

<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A

Powers of 
Adjacency

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6



Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

Degree 
Matrix

Adjacency 
Matrix

diagonal
<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|

Start @

node 4

Thru

Node 1


Thru

Node 2


Thru

Node 5


<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="zIesJwoVT0LJextdyL/BeobQJtE=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRLxtSy6cVnBPqApZTK5bYdOJmFmIpbQL3Hjr7hxoYjgSv/GaRt8tF6Y4XDOudx7T5BwprTrflqFhcWl5ZXiqr22vrG55Wzv1FWcSgo1GvNYNgOigDMBNc00h2YigUQBh0YwuBzrjVuQisXiRg8TaEekJ1iXUaIN1XFO/AB6TGRBRLRkdyNsu9j38c/nTZHtgwi/XR2n5JbdSeF54OWghPKqdpx3P4xpGoHQlBOlWp6b6HZGpGaUw8j2UwUJoQPSg5aBgkSg2tnkvBE+MEyIu7E0T2g8YX93ZCRSahgFxmn266tZbUz+p7VS3T1vZ0wkqQZBp4O6Kcc6xuOscMgkUM2HBhAqmdkV0z6RhGqTqG1C8GZPngf1o7J3Wvauj0uVizyOItpD++gQeegMVdAVqqIaougePaJn9GI9WE/Wq/U2tRasvGcX/Snr4wuqr5+6</latexit>2

66664

0
0
0
1
0

3

77775

<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A

Powers of 
Adjacency

# 3-step paths from node 4 to node 1

# 3-step paths from node 4 to node 2


# 3-step paths from node 4 to node 5


<latexit sha1_base64="wxdXF1sD9O7XF32Ey750z0lZ9Tk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabTbt0swm7k0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFqp05+ECRoyqNbcursA+Uu8gtSgQHNQ/eyHCctirpBJakzPc1P0c6pRMMlnlX5meErZmA55z1JFY278fHHujJxZJSRRom0pJAv150ROY2OmcWA7Y4ojs+rNxf+8XobRjZ8LlWbIFVsuijJJMCHz30koNGcop5ZQpoW9lbAR1ZShTahiQ/BWX/5L2hd176ruPVzWGrdFHGU4gVM4Bw+uoQH30IQWMBjDE7zAq5M6z86b875sLTnFzDH8gvPxDSVwj3I=</latexit>...

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6



Adjacency Matrix
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =Laplacian

<latexit sha1_base64="AlwvIDt9xUaTQvskd4NWo+34k/A="></latexit>2

66664

�1 0 0 0 1 0
1 �1 �1 0 0 0
0 1 0 0 0 �1
0 0 1 1 �1 0
0 0 0 �1 0 1

3

77775

Degree 
Matrix

Adjacency 
Matrix

diagonal
<latexit sha1_base64="8fWkwj7NKlWI2cg3PgZMODetxww="></latexit>

⇥
A

⇤
vv0 =

(
1 ; if e = (v, v0) 2 E
0 ; otherwise

<latexit sha1_base64="ccF4Jy4180gWZn95nXGSEU0jw1c=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4McyIqMe4HDxGMAsmQ+jp1CRNenqG7hohDPkLLx4U8erfePNv7CwHTXxQ8Hiviqp6QSKFQdf9dnJLyyura/n1wsbm1vZOcXevbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwM/YbT6CNiNUDDhPwI9ZTIhScoZUe27cgkdETetUpltyyOwFdJN6MlMgM1U7xq92NeRqBQi6ZMS3PTdDPmEbBJYwK7dRAwviA9aBlqWIRGD+bXDyiR1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6fh92hUaOMqhJYxrYW+lvM8042hDKtgQvPmXF0n9tOydl737s1LlehZHnhyQQ3JMPHJBKuSOVEmNcKLIM3klb45xXpx352PamnNmM/vkD5zPHwgQj9g=</latexit>

��A
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="/bXIpMdUXOJ1OmSaJqb5tJMo04k=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXIVERN0IRV24kgr2AkkIk+mkHTq5MDMplDRv4cZXceNCEbe6822ctFlo6w8DP985hznn9xNGhTTNb62ytLyyulZdr21sbm3v6Lt7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9Lxh9dFvTMiXNA4epDjhLgh6kc0oBhJhTzdcHzat6EDnRvCJCqMAq6XjUb5JZw4IZIDjFh2lyuUTzy9bhrmVHDRWKWpg1JNT/9yejFOQxJJzJAQtmUm0s0QlxQzktecVJAE4SHqE1vZCIVEuNn0rhweKdKDQczViySc0t8TGQqFGIe+6iz2FPO1Av5Xs1MZXLgZjZJUkgjPPgpSBmUMi5Bgj3KCJRsrgzCnaleIB4gjLFWUNRWCNX/yommfGNaZYd2f1htXZRxVcAAOwTGwwDlogFvQBC2AwSN4Bq/gTXvSXrR37WPWWtHKmX3wR9rnD687n7A=</latexit>⇥
�

⇤
vv

= |Nv|
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<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="ELbZcUckJhy6rTgjtB1VnEgGyXY="></latexit>

A =

2

66664

0 1 0 1 0
1 0 1 1 0
0 1 0 0 1
1 1 0 0 1
0 0 1 1 0

3

77775

<latexit sha1_base64="zIesJwoVT0LJextdyL/BeobQJtE=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRLxtSy6cVnBPqApZTK5bYdOJmFmIpbQL3Hjr7hxoYjgSv/GaRt8tF6Y4XDOudx7T5BwprTrflqFhcWl5ZXiqr22vrG55Wzv1FWcSgo1GvNYNgOigDMBNc00h2YigUQBh0YwuBzrjVuQisXiRg8TaEekJ1iXUaIN1XFO/AB6TGRBRLRkdyNsu9j38c/nTZHtgwi/XR2n5JbdSeF54OWghPKqdpx3P4xpGoHQlBOlWp6b6HZGpGaUw8j2UwUJoQPSg5aBgkSg2tnkvBE+MEyIu7E0T2g8YX93ZCRSahgFxmn266tZbUz+p7VS3T1vZ0wkqQZBp4O6Kcc6xuOscMgkUM2HBhAqmdkV0z6RhGqTqG1C8GZPngf1o7J3Wvauj0uVizyOItpD++gQeegMVdAVqqIaougePaJn9GI9WE/Wq/U2tRasvGcX/Snr4wuqr5+6</latexit>2

66664

0
0
0
1
0

3

77775

<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A

Powers of 
Adjacency

<latexit sha1_base64="2EyXDiqQ2zCV9aegHKjI4Vu1QcM=">AAACAnicbVC7TsMwFL3hWcorwIRYLCoEU5UgBIwFFsYi0YeUhMhxndaq85DtVKqiioVfYWEAIVa+go2/wWk7QMuRbB2fc6+u7wlSzqSyrG9jYXFpeWW1tFZe39jc2jZ3dpsyyQShDZLwRLQDLClnMW0opjhtp4LiKOC0FfRvCr81oEKyJL5Xw5R6Ee7GLGQEKy355r4bsK6DXHT10Nd38fL8fDA4HvlmxapaY6B5Yk9JBaao++aX20lIFtFYEY6ldGwrVV6OhWKE01HZzSRNMenjLnU0jXFEpZePVxihI610UJgIfWKFxurvjhxHUg6jQFdGWPXkrFeI/3lOpsJLL2dxmikak8mgMONIJajIA3WYoETxoSaYCKb/ikgPC0yUTq2sQ7BnV54nzdOqfV61784qtetpHCU4gEM4ARsuoAa3UIcGEHiEZ3iFN+PJeDHejY9J6YIx7dmDPzA+fwBnB5Yr</latexit>⇥
Ak

⇤
vv0

# k-step paths 
from node v to node v’

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6



Graph Laplacians
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

Weighted Laplacian
<latexit sha1_base64="G1SummGQRSH4mnMf3s+wW16bbzg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQtAcPHiq0TSGNZbPdtEs32bA7EUroz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCRHANtv1tFVZW19Y3ipulre2d3b3y/kFby1RR1qJSSNUJiGaCx6wFHATrJIqRKBDMDUa3U999YkpzGTdhnDA/IoOYh5wSMJJ333PxNa679cdmr1yxq/YMeJk4OamgHI1e+avblzSNWAxUEK09x07Az4gCTgWblLqpZgmhIzJgnqExiZj2s9nJE3xilD4OpTIVA56pvycyEmk9jgLTGREY6kVvKv7neSmEV37G4yQFFtP5ojAVGCSe/o/7XDEKYmwIoYqbWzEdEkUomJRKJgRn8eVl0j6rOhdV5+G8UrvJ4yiiI3SMTpGDLlEN3aEGaiGKJHpGr+jNAuvFerc+5q0FK585RH9gff4AVx2P/g==</latexit>

LW = DWDT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E = <latexit sha1_base64="i75T+hVLD8FEnvWk4svxe7ojHr0="></latexit>

1̄ =

2

64
1|V1| · · · 0
...

...
0 · · · 1|Vk|

3

75

<latexit sha1_base64="Bc5GI8blhVV/3DCA+lI87Rvk70s=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaox6JcvCICQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+G7mt5+o0iyWTTNJaCDwULKIEWys5Nfb9cdmv1xxq+4caJV4OalAjka//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMT3QQZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SloXVe+q6j1cVmq3eRxFOIFTOAcPrqEG99AAHwgweIZXeHOk8+K8Ox+L1oKTzxzDHzifPyjZjkM=</latexit>

DWDT

<latexit sha1_base64="H/at2epuUKbjtE35vgblkkH6kVI=">AAACKXicbVDLSgNBEJyNr7i+oh69DAbFU9gNoh6DXjxGzAuyyTI76SRDZmeXmVkxLPkdL/6KFwVFvfojTh6IJhY0FFXddHcFMWdKO86HlVlaXlldy67bG5tb2zu53b2aihJJoUojHslGQBRwJqCqmebQiCWQMOBQDwZXY79+B1KxSFT0MIZWSHqCdRkl2kh+rlT169gLoMdEGoRES3Y/sr1b1guJX28X8TF2sOfZzoTYHojOTxs2o+2Kn8s7BWcCvEjcGcmjGcp+7sXrRDQJQWjKiVJN14l1KyVSM8rBLE8UxIQOSA+ahgoSgmqlk09H+MgoHdyNpCmh8UT9PZGSUKlhGJhOc2VfzXtj8T+vmejuRStlIk40CDpd1E041hEex4Y7TALVfGgIoZKZWzHtE0moNuHaJgR3/uVFUisW3LOCe3OaL13O4siiA3SITpCLzlEJXaMyqiKKHtATekVv1qP1bL1bn9PWjDWb2Ud/YH19AxeppBA=</latexit>

UW


⌃2

W 0
0 0

�
UT
W

<latexit sha1_base64="ft6y0Mnas6XYbNUHoUPC1F6MvEM=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1EYI2lhYRPCSQHKEvc0kWbK3d+zuCeHIb7CxUMTWH2Tnv3GTXKGJDwYe780wMy9MBNfGdb+dwsrq2vpGcbO0tb2zu1feP2joOFUMfRaLWLVCqlFwib7hRmArUUijUGAzHN1O/eYTKs1j+WjGCQYRHUje54waK/n33Sa57pYrbtWdgSwTLycVyFHvlr86vZilEUrDBNW67bmJCTKqDGcCJ6VOqjGhbEQH2LZU0gh1kM2OnZATq/RIP1a2pCEz9fdERiOtx1FoOyNqhnrRm4r/ee3U9K+CjMskNSjZfFE/FcTEZPo56XGFzIixJZQpbm8lbEgVZcbmU7IheIsvL5PGWdW7qHoP55XaTR5HEY7gGE7Bg0uowR3UwQcGHJ7hFd4c6bw4787HvLXg5DOH8AfO5w/dIo4R</latexit>

LW =

<latexit sha1_base64="1cua/RjKzVOemu4oYX4EhKwISF4="></latexit>2

4
| |

U 0
W 1̄
| |

3

5

<latexit sha1_base64="JAr9FiggRfPPHmciwdOwICitrnA="></latexit>
� U 0T

W �
� 1̄T �

�T<latexit sha1_base64="H/at2epuUKbjtE35vgblkkH6kVI=">AAACKXicbVDLSgNBEJyNr7i+oh69DAbFU9gNoh6DXjxGzAuyyTI76SRDZmeXmVkxLPkdL/6KFwVFvfojTh6IJhY0FFXddHcFMWdKO86HlVlaXlldy67bG5tb2zu53b2aihJJoUojHslGQBRwJqCqmebQiCWQMOBQDwZXY79+B1KxSFT0MIZWSHqCdRkl2kh+rlT169gLoMdEGoRES3Y/sr1b1guJX28X8TF2sOfZzoTYHojOTxs2o+2Kn8s7BWcCvEjcGcmjGcp+7sXrRDQJQWjKiVJN14l1KyVSM8rBLE8UxIQOSA+ahgoSgmqlk09H+MgoHdyNpCmh8UT9PZGSUKlhGJhOc2VfzXtj8T+vmejuRStlIk40CDpd1E041hEex4Y7TALVfGgIoZKZWzHtE0moNuHaJgR3/uVFUisW3LOCe3OaL13O4siiA3SITpCLzlEJXaMyqiKKHtATekVv1qP1bL1bn9PWjDWb2Ud/YH19AxeppBA=</latexit>

UW


⌃2

W 0
0 0

�
UT
W

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Graph Laplacians
Graph: Vertices

<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

Action:
<latexit sha1_base64="4HtfIED6vwQkhJRWL1LxvIKfqBI=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmlMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6dtEG09MMzhnHu5954g4Uxp1/2yFhaXlldWC2v2+sbm1razs1tTcSopVGnMY9kIiALOBFQ10xwaiQQSBRzqQf9q7NfvQCoWi1s9SKAVka5gHUaJNlLbOfYD6DKRBRHRkt2PsD3Evo9tnJrPHto+iPDHbDtFt+ROgOeJl5MiylFpO59+GNM0AqEpJ0o1PTfRrYxIzSiHke2nChJC+6QLTUMFiUC1sslVI3xolBB3Ymme0Hii/u7ISKTUIApMpdmvp2a9sfif10x156KVMZGkGgSdDuqkHOsYjyPCIZNANR8YQqhkZldMe0QSqk2QtgnBmz15ntROSt5Zybs5LZYv8zgKaB8doCPkoXNURteogqqIogf0hF7Qq/VoPVtv1vu0dMHKe/bQH1gf36RzneA=</latexit>2

4
|
u
|

3

5
<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ZkYYV5ANoO/YeJulRiv/M90mo5o=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUSEXVZ1IXLCvYCTSiT6aQdOpmEmYlSYh/FjQtF3Pok7nwbJ20W2vrDgY//nMOc+YOEM6Ud59sqrayurW+UNytb2zu7e3Z1v63iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyd9zsPVCoWi3s9Sagf4aFgISNYG6tvV72ADXvIQzemcvb7ds2pOzOhZXALqEGhZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqteKmiCSZjPKQ9gwJHVPnZ7PQpOjbOAIWxNCU0mrm/NzIcKTWJAjMZYT1Si73c/K/XS3V46WdMJKmmgswfClOOdIzyHNCASUo0nxjARDJzKyIjLDHRJq2KCcFd/PIytE/r7nndvTurNa6KOMpwCEdwAi5cQANuoQktIPAIz/AKb9aT9WK9Wx/z0ZJV7BzAH1mfPzHDkqs=</latexit>⇥
D

⇤ <latexit sha1_base64="1ksXNyiTKXIT28zzprj1elFofB8=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqhKEgLECBsYi9SUloXJcp7XqPGQ7SFFUfoWFAYRY+RA2/ganzQAtR7J1fM69utfHTziTyrK+jZXVtfWNzcpWdXtnd2/fPDjsyjgVhHZIzGPR97GknEW0o5jitJ8IikOf054/uSn83iMVksVRW2UJ9UI8iljACFZaGpg112cjB7no9qGt7+LlDcy61bBmQMvELkkdSrQG5pc7jEka0kgRjqV0bCtRXo6FYoTTadVNJU0wmeARdTSNcEill8+Wn6ITrQxREAt9IoVm6u+OHIdSZqGvK0OsxnLRK8T/PCdVwZWXsyhJFY3IfFCQcqRiVCSBhkxQonimCSaC6V0RGWOBidJ5VXUI9uKXl0n3rGFfNOz783rzuoyjAkdwDKdgwyU04Q5a0AECGTzDK7wZT8aL8W58zEtXjLKnBn9gfP4AlWKTcQ==</latexit>⇥
DT

⇤
“heights”

of nodes

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

… summed resulting tension on nodes

Weighted Laplacian
<latexit sha1_base64="G1SummGQRSH4mnMf3s+wW16bbzg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQtAcPHiq0TSGNZbPdtEs32bA7EUroz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCRHANtv1tFVZW19Y3ipulre2d3b3y/kFby1RR1qJSSNUJiGaCx6wFHATrJIqRKBDMDUa3U999YkpzGTdhnDA/IoOYh5wSMJJ333PxNa679cdmr1yxq/YMeJk4OamgHI1e+avblzSNWAxUEK09x07Az4gCTgWblLqpZgmhIzJgnqExiZj2s9nJE3xilD4OpTIVA56pvycyEmk9jgLTGREY6kVvKv7neSmEV37G4yQFFtP5ojAVGCSe/o/7XDEKYmwIoYqbWzEdEkUomJRKJgRn8eVl0j6rOhdV5+G8UrvJ4yiiI3SMTpGDLlEN3aEGaiGKJHpGr+jNAuvFerc+5q0FK585RH9gff4AVx2P/g==</latexit>

LW = DWDT

<latexit sha1_base64="gvf1cKkihCY0Q3lqIlJ6kUB5cUo=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkoioi6LblxWsBdIQplMJ+3QySTMTJQS+yhuXCji1idx59s4abPQ1h8OfPznHObMH6acKe0439bK6tr6xmZlq7q9s7u3b9cOOirJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNxzdFv/tApWKJuNeTlAYxHgoWMYK1sfp2zQ/Z0EM+6poqOOjbdafhzISWwS2hDqVaffvLHyQki6nQhGOlPNdJdZBjqRnhdFr1M0VTTMZ4SD2DAsdUBfns9Ck6Mc4ARYk0JTSaub83chwrNYlDMxljPVKLvcL8r+dlOroKcibSTFNB5g9FGUc6QUUOaMAkJZpPDGAimbkVkRGWmGiTVtWE4C5+eRk6Zw33ouHendeb12UcFTiCYzgFFy6hCbfQgjYQeIRneIU368l6sd6tj/noilXuHMIfWZ8/TyeSvg==</latexit>⇥
W

⇤
<latexit sha1_base64="IvkAtQc/vzl8GTfUEOSglhP27w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ERwZhAcoS9zV6yZHfv2A8hHPkLNhaK2PqH7Pw37iVXaOKDgcd7M8zMi1LOtPH9b6+0srq2vlHerGxt7+zuVfcPHnViFaEtkvBEdSKsKWeStgwznHZSRbGIOG1H45vcbz9RpVkiH8wkpaHAQ8liRrDJpbt+2/arNb/uz4CWSVCQGhRo9qtfvUFCrKDSEI617gZ+asIMK8MIp9NKz2qaYjLGQ9p1VGJBdZjNbp2iE6cMUJwoV9Kgmfp7IsNC64mIXKfAZqQXvVz8z+taE1+FGZOpNVSS+aLYcmQSlD+OBkxRYvjEEUwUc7ciMsIKE+PiqbgQgsWXl8njWT24qAf357XGdRFHGY7gGE4hgEtowC00oQUERvAMr/DmCe/Fe/c+5q0lr5g5hD/wPn8A23aOHw==</latexit>

LWu

…tension created in edges scaled by weights

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

Edge Laplacian
<latexit sha1_base64="YoB/5M911sG5Yp4jpeIa9mpzmyc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchaA4ePETIC5M1zE56kyGzs8vMrBBC/sKLB0W8+jfe/Bsnj4NGCxqKqm66u4JEcG1c98vJLC2vrK5l13Mbm1vbO/ndvbqOU8WwxmIRq2ZANQousWa4EdhMFNIoENgIBtcTv/GISvNYVs0wQT+iPclDzqix0v1tB8klKT9Uy518wS26U5C/xJuTAsxR6eQ/292YpRFKwwTVuuW5ifFHVBnOBI5z7VRjQtmA9rBlqaQRan80vXhMjqzSJWGsbElDpurPiRGNtB5Gge2MqOnrRW8i/ue1UhNe+CMuk9SgZLNFYSqIicnkfdLlCpkRQ0soU9zeSlifKsqMDSlnQ/AWX/5L6idF76zo3Z0WSlfzOLJwAIdwDB6cQwluoAI1YCDhCV7g1dHOs/PmvM9aM858Zh9+wfn4BsE4j6s=</latexit>

Le = DTD



Graph Laplacians

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

Graph: Vertices
<latexit sha1_base64="6q/nqGIpRAzlEw+9EZYcZQo/8Qs=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxgpQZEXUjFEV0WcE+oB1KJk3b0MyDJCOUYT7Bjb/ixoUibl2682/MtEPR6oHAyTn3cu89bsiZVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8DL1G/dUSBb4d2oUUsfDfZ/1GMFKSx1zv+1hNSCYx9cJOkel6beeHE75VXLQMYtW2RoD/SV2RoqQodoxP9vdgEQe9RXhWMqWbYXKibFQjHCaFNqRpCEmQ9ynLU197FHpxOODErSnlS7qBUI/X6Gx+rMjxp6UI8/VlemOctZLxf+8VqR6Z07M/DBS1CeTQb2IIxWgNB3UZYISxUeaYCKY3hWRARaYKJ1hQYdgz578l9SPyvZJ2b49LlYusjjysAO7UAIbTqECN1CFGhB4gCd4gVfj0Xg23oz3SWnOyHq24ReMj28RIJyd</latexit>

G = (V, E)

<latexit sha1_base64="+Dj2/6C2nLEhQBYvFudwv5eYAhQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//Arh62VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86GlC/QgPBQsZwdpIfbs6QR4TyIuwHhHMs/asb9ecujMHWiVuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bB59hk6NMkBhLM0TGs3V3xsZjpSaRoGZzCOqZS8X//N6qQ6v/YyJJNVUkMWhMOVIxyjvAQ2YpETzqSGYSGayIjLCEhNt2qqYEtzlL6+S9nndvay79xe1xk1RRxmO4QTOwIUraMAdNKEFBB7hGV7hzXqyXqx362MxWrKKnSP4A+vzB+eVk8g=</latexit>

v 2 V
<latexit sha1_base64="Fm/UGVqMTrNk1UYwwtkATolZ5vg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GVRBJcV7AOaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMr3O/80ClYrG415OE+hEeChYygrWR+naVIo8J5EVYjwjm2c20b9ecujMDWiZuQWpQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bBZ9io6NMkBhLM0TGs3U3xsZjpSaRIGZzCOqRS8X//N6qQ4v/YyJJNVUkPmhMOVIxyjvAQ2YpETziSGYSGayIjLCEhNt2qqYEtzFLy+T9mndPa+7d2e1xlVRRxkO4QhOwIULaMAtNKEFBB7hGV7hzXqyXqx362M+WrKKnQP4A+vzB7Lsk6Y=</latexit>

e 2 E
<latexit sha1_base64="EkXj+UFcGRkiCH8klMyXBhMc6gY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMYQcKuiHoRgl48RjAPTJYwO+kkQ2Znl5nZQFjyF148KOLVv/Hm3zh5HDRa0FBUddPdFcSCa+O6X05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ349SEqzSP5YEYx+iHtSd7ljBorPSK5JsXh6fD4pJ0vuCV3CvKXeHNSgDkq7fxnqxOxJERpmKBaNz03Nn5KleFM4DjXSjTGlA1oD5uWShqi9tPpxWNyZJUO6UbKljRkqv6cSGmo9SgMbGdITV8vehPxP6+ZmO6Vn3IZJwYlmy3qJoKYiEzeJx2ukBkxsoQyxe2thPWposzYkHI2BG/x5b+kdlbyLkre/XmhfDOPIwsHcAhF8OASynAHFagCAwlP8AKvjnaenTfnfdaaceYz+/ALzsc3Pt+PVg==</latexit>

e = (v, v0)

Incidence Matrix:
<latexit sha1_base64="+HMnMX8RLQ9SwSh9CG1MkO10lgI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSxKwWUV+4Amlsl00g6dTMLMRChpvsSNv+LGhSKCK/0bJ2lBbT0wcOace7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7zM/NY9EZKG/FaNIuIGqM+pTzFSWuqaJzXoUA6dAKmB5yU36V0yzj8YsaSZjqGjaEAk/BFr6TjtmmWrYuWA88SekjKYot41P5xeiOOAcIUZkrJjW5FyEyQUxYykJSeWJEJ4iPqkoylHeqab5Oel8EArPeiHQj+uYK7+7khQIOUo8HRltqSc9TLxP68TK//cTSiPYkU4ngzyYwZVCLOsYI8KghUbaYKwoHpXiAdIIKx0oiUdgj178jxpHlXs04p9fVyuXkzjKII9sA8OgQ3OQBVcgTpoAAwewBN4Aa/Go/FsvBnvk9KCMe3ZBX9gfH4Dwcujig==</latexit>

E 2 R|V|⇥|E|<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

Edges

<latexit sha1_base64="K9sfTlDdz+zui9hfMOwbdzoDHA4="></latexit>2

66664

�1 0 0 0 1 0 1 0
1 �1 �1 0 �1 1 0 0
0 1 0 0 0 �1 0 �1
0 0 1 1 0 0 �1 0
0 0 0 �1 0 0 0 1

3

77775

<latexit sha1_base64="aoOQ3F/kPtSZ6wTiKf2W044nu4Q=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KIqBuhqAuXFfqCNpbJdNIOnTyYmQglBNz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbmjq8xv3VMhWRjU1Tiijo8HAfMYwUpLPXOv62M1dL3ETu/q1+gC/fyttGeWrYo1AZondk7KkKPWMz+7/ZDEPg0U4VjKjm1FykmwUIxwmpa6saQRJiM8oB1NA+xT6SSTG1J0qJU+8kKhX6DQRP3dkWBfyrHv6spsQznrZeJ/XidW3rmTsCCKFQ3IdJAXc6RClAWC+kxQovhYE0wE07siMsQCE6VjK+kQ7NmT50nzuGKfVuzbk3L1Mo+jCPtwAEdgwxlU4QZq0AACD/AEL/BqPBrPxpvxPi0tGHnPLvyB8fEN9LmXFQ==</latexit>

1TD = 0

Laplacian row “shape” matrix (squared)

Edge-Laplacian col “shape” matrix (squared)

<latexit sha1_base64="zV8/Dy+cY3V9Gm56ZbK/zsEXo1w="></latexit>

U
h
⌃2 0
0 0

i
UT

<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="uB0C+N3YQbH0hlnIJzbRIDjIhVg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1euPzUG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfruN4g==</latexit>

DDT<latexit sha1_base64="kd7/iPqpwIJKcjC6A2FxvdqHhiA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OLBQwX7AW0om+2mXbq7CbsboYT+BS8eFPHqH/Lmv3HT5qCtDwYe780wMy9MONPG876d0srq2vpGebOytb2zu+fuH7R0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6aSUIDgYeSRYxgk0v36Br13apX82ZAy8QvSBUKNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQzW6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8cTRgihLDJ5Zgopi9FZERVpgYG0/FhuAvvrxMWmc1/6LmP5xX6zdFHGU4gmM4BR8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AdMXjXE=</latexit>

L =

Incidence SVD
<latexit sha1_base64="pSIcWc1DCiZ5u89OAuS+W4zIVIk=">AAACJHicbVDLSgMxFM34rPVVdekmWBRXZUZEBRGKunBZsdMWOmPJpLdtaCYzJBmxDP0YN/6KGxc+cOHGbzF9gNp6IeFwzrnce08Qc6a0bX9aM7Nz8wuLmaXs8srq2npuY7OiokRScGnEI1kLiALOBLiaaQ61WAIJAw7VoHsx0Kt3IBWLRFn3YvBD0hasxSjRhmrkTi/xGXaxF0CbiTQIiZbsvo+9G9YOCd7DNvY88w0BiOaPo3JbbuTydsEeFp4Gzhjk0bhKjdyb14xoEoLQlBOl6o4daz8lUjPKoZ/1EgUxoV3ShrqBgoSg/HR4ZB/vGqaJW5E0T2g8ZH93pCRUqhcGxml27KhJbUD+p9UT3TrxUybiRIOgo0GthGMd4UFiuMkkUM17BhAqmdkV0w6RhGqTa9aE4EyePA0qBwXnqOBcH+aL5+M4Mmgb7aB95KBjVERXqIRcRNEDekIv6NV6tJ6td+tjZJ2xxj1b6E9ZX98gh6IQ</latexit>

D = U


⌃ 0
0 0

�
V T

<latexit sha1_base64="NvqDUVXHIS57dhwxqi7r3TW2Xhg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2I2ghBGwuLCOYDkiPsbeaSNXt7x+6eEI78BxsLRWz9P3b+GzfJFZr4YODx3gwz84JEcG1c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG8mfvMJleaxfDCjBP2I9iUPOaPGSo27LpIr0i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5teOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhJd+xmWSGpRstihMBTExmbxOelwhM2JkCWWK21sJG1BFmbEBFW0I3vzLi6RxWvHOK979Wbl6ncdRgEM4ghPw4AKqcAs1qAODR3iGV3hzYufFeXc+Zq1LTj5zAH/gfP4ASV6OSQ==</latexit>

Le =
<latexit sha1_base64="aOfJOabaMPDOou2EietKxfjLzw8=">AAACInicbVDLSgMxFM34rPVVdekmWBRXZaaIj13RjcuKfUFnWjKZ2zY0kxmSjFiGfosbf8WNC0VdCX6M6QPU1gsJh3PO5d57/JgzpW3701pYXFpeWc2sZdc3Nre2czu7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73r0Z6/Q6kYpGo6EEMXki6gnUYJdpQ7dxFzfWhy0Tqh0RLdj/E7i3rhqRVxEfYxq5rvjEAEfx4aq0KbufydsEeF54HzhTk0bTK7dy7G0Q0CUFoyolSTceOtZcSqRnlMMy6iYKY0D7pQtNAQUJQXjo+cYgPDRPgTiTNExqP2d8dKQmVGoS+cZole2pWG5H/ac1Ed869lIk40SDoZFAn4VhHeJQXDpgEqvnAAEIlM7ti2iOSUG1SzZoQnNmT50GtWHBOC87NSb50OY0jg/bRATpGDjpDJXSNyqiKKHpAT+gFvVqP1rP1Zn1MrAvWtGcP/Snr6xuSBaHM</latexit>

V


⌃2 0
0 0

�
V T<latexit sha1_base64="42eFP4CEJHD2YuA9zTMZpiQFbX8=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQFMFjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS3foGvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/ouY/nFfrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByGaNag==</latexit>

E =
<latexit sha1_base64="ruyUCfJKmw//mqFuza6qEctJszI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9Fe/BYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0m1R+b9UG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nt87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE974KZNxYqgki0VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2RD8JZfXiXti6p3VfUeLiu12zyOIpzAKZyDB9dQg3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AfuWN4g==</latexit>

DTD

Edge Laplacian
<latexit sha1_base64="YoB/5M911sG5Yp4jpeIa9mpzmyc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchaA4ePETIC5M1zE56kyGzs8vMrBBC/sKLB0W8+jfe/Bsnj4NGCxqKqm66u4JEcG1c98vJLC2vrK5l13Mbm1vbO/ndvbqOU8WwxmIRq2ZANQousWa4EdhMFNIoENgIBtcTv/GISvNYVs0wQT+iPclDzqix0v1tB8klKT9Uy518wS26U5C/xJuTAsxR6eQ/292YpRFKwwTVuuW5ifFHVBnOBI5z7VRjQtmA9rBlqaQRan80vXhMjqzSJWGsbElDpurPiRGNtB5Gge2MqOnrRW8i/ue1UhNe+CMuk9SgZLNFYSqIicnkfdLlCpkRQ0soU9zeSlifKsqMDSlnQ/AWX/5L6idF76zo3Z0WSlfzOLJwAIdwDB6cQwluoAI1YCDhCV7g1dHOs/PmvM9aM858Zh9+wfn4BsE4j6s=</latexit>

Le = DTD

Action:
<latexit sha1_base64="ZkYYV5ANoO/YeJulRiv/M90mo5o=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUSEXVZ1IXLCvYCTSiT6aQdOpmEmYlSYh/FjQtF3Pok7nwbJ20W2vrDgY//nMOc+YOEM6Ud59sqrayurW+UNytb2zu7e3Z1v63iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyd9zsPVCoWi3s9Sagf4aFgISNYG6tvV72ADXvIQzemcvb7ds2pOzOhZXALqEGhZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqteKmiCSZjPKQ9gwJHVPnZ7PQpOjbOAIWxNCU0mrm/NzIcKTWJAjMZYT1Si73c/K/XS3V46WdMJKmmgswfClOOdIzyHNCASUo0nxjARDJzKyIjLDHRJq2KCcFd/PIytE/r7nndvTurNa6KOMpwCEdwAi5cQANuoQktIPAIz/AKb9aT9WK9Wx/z0ZJV7BzAH1mfPzHDkqs=</latexit>⇥
D

⇤<latexit sha1_base64="1ksXNyiTKXIT28zzprj1elFofB8=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqhKEgLECBsYi9SUloXJcp7XqPGQ7SFFUfoWFAYRY+RA2/ganzQAtR7J1fM69utfHTziTyrK+jZXVtfWNzcpWdXtnd2/fPDjsyjgVhHZIzGPR97GknEW0o5jitJ8IikOf054/uSn83iMVksVRW2UJ9UI8iljACFZaGpg112cjB7no9qGt7+LlDcy61bBmQMvELkkdSrQG5pc7jEka0kgRjqV0bCtRXo6FYoTTadVNJU0wmeARdTSNcEill8+Wn6ITrQxREAt9IoVm6u+OHIdSZqGvK0OsxnLRK8T/PCdVwZWXsyhJFY3IfFCQcqRiVCSBhkxQonimCSaC6V0RGWOBidJ5VXUI9uKXl0n3rGFfNOz783rzuoyjAkdwDKdgwyU04Q5a0AECGTzDK7wZT8aL8W58zEtXjLKnBn9gfP4AlWKTcQ==</latexit>⇥
DT

⇤
“Tension”

in edges

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( …summed tension on nodes

… differential in tension along edges

<latexit sha1_base64="4EnvJu7S4mZ/nkJlhfsy2SrJK/U=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1EYI2lhYRDAfcDnC3maSLNm7PXbnhHDkZ9hYKGLrr7Hz37hJrtDEBwOP92aYmRcmUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5pGpZpDgyupdDtkBqSIoYECJbQTDSwKJbTC0e3Ubz2BNkLFjzhOIIjYIBZ9wRlayb/vAu0gS+k17ZYrbtWdgS4TLycVkqPeLX91eoqnEcTIJTPG99wEg4xpFFzCpNRJDSSMj9gAfEtjFoEJstnJE3pilR7tK20rRjpTf09kLDJmHIW2M2I4NIveVPzP81PsXwWZiJMUIebzRf1UUlR0+j/tCQ0c5dgSxrWwt1I+ZJpxtCmVbAje4svLpHlW9S6q3sN5pXaTx1EkR+SYnBKPXJIauSN10iCcKPJMXsmbg86L8+58zFsLTj5zSP7A+fwBv9yQQQ==</latexit>

Le⌧ =
<latexit sha1_base64="7hDsGT7Wmg1O3F7t/Bak9X3Oe8w=">AAACF3icbVDLSsNAFJ3UV42vqEs3g0VwVRIRdVl047KCfUBTymR62w6dTMLMRCxp/8KNv+LGhSJudeffOGmDaOuBYQ7n3Mu99wQxZ0q77pdVWFpeWV0rrtsbm1vbO87uXl1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgEw6vMb9yBVCwSt3oUQzskfcF6jBJtpI5T9gPoM5EGIdGS3U/sMfZ97GuSZP8Y2z6I7o+LO07JLbtT4EXi5aSEclQ7zqffjWgSgtCUE6VanhvrdkqkZpTDxPYTBTGhQ9KHlqGChKDa6fSuCT4yShf3Imme0Hiq/u5ISajUKAxMpVlwoOa9TPzPayW6d9FOmYgTDYLOBvUSjnWEs5Bwl0mgmo8MIVQysyumAyIJ1SZK24TgzZ+8SOonZe+s7N2cliqXeRxFdIAO0THy0DmqoGtURTVE0QN6Qi/o1Xq0nq03631WWrDynn30B9bHNwH6nzE=</latexit>2

4
|
⌧
|

3

5



REVIEW: Nullspace - Column Geometry (Computation)

Nullspace basis:
<latexit sha1_base64="VuQvFWY9rKwdlATuw6r1i44oLRs=">AAACEXicbVDLSsNAFJ34rPFVdelmsAjdWBIRdSOUutFdBfuAJpTJ5LYdOpmEmYlYQn/Bjb/ixoUibt2582+cPhBtPXDhcM693HtPkHCmtON8WQuLS8srq7k1e31jc2s7v7NbV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGkH/cuQ37kAqFotbPUjAj0hXsA6jRBupnS9e2F4AXSayICJasvuhXcGeh+2ja9sDEf7I7XzBKTlj4HniTkkBTVFt5z+9MKZpBEJTTpRquU6i/YxIzSiHoe2lChJC+6QLLUMFiUD52fijIT40Sog7sTQlNB6rvycyEik1iALTae7rqVlvJP7ntVLdOfczJpJUg6CTRZ2UYx3jUTw4ZBKo5gNDCJXM3Ippj0hCtQnRNiG4sy/Pk/pxyT0tuTcnhXJlGkcO7aMDVEQuOkNldIWqqIYoekBP6AW9Wo/Ws/VmvU9aF6zpzB76A+vjG2urnCg=</latexit>

=


B
�I

� <latexit sha1_base64="PeMx+M4Ep1XTMi1wrhrHfS1U6WM="></latexit>

=

2

66664

B13 B14 B15

B23 B24 B25

�1 0 0
0 �1 0
0 0 �1

3

77775

<latexit sha1_base64="WNvf1W3M3+FgWYs0gVdsvyrxnco=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OJJKtgPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm5Wt7Z3dPXf/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL7N/fYTVZrF8tFMEhoIPJQsYgSbXLpH16jvVr2aNwNaJn5BqlCg0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE4rvVTTBJMxHtKupRILqoNsdusUnVhlgKJY2ZIGzdTfExkWWk9EaDsFNiO96OXif143NdFVkDGZpIZKMl8UpRyZGOWPowFTlBg+sQQTxeytiIywwsTYeCo2BH/x5WXSOqv5FzX/4bxavyniKMMRHMMp+HAJdbiDBjSBwAie4RXeHOG8OO/Ox7y15BQzh/AHzucP1iWNcw==</latexit>

N =
<latexit sha1_base64="WNvf1W3M3+FgWYs0gVdsvyrxnco=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OJJKtgPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm5Wt7Z3dPXf/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL7N/fYTVZrF8tFMEhoIPJQsYgSbXLpH16jvVr2aNwNaJn5BqlCg0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE4rvVTTBJMxHtKupRILqoNsdusUnVhlgKJY2ZIGzdTfExkWWk9EaDsFNiO96OXif143NdFVkDGZpIZKMl8UpRyZGOWPowFTlBg+sQQTxeytiIywwsTYeCo2BH/x5WXSOqv5FzX/4bxavyniKMMRHMMp+HAJdbiDBjSBwAie4RXeHOG8OO/Ox7y15BQzh/AHzucP1iWNcw==</latexit>

N =

<latexit sha1_base64="rirOfQr50ThYm+/603PSl44g6ac="></latexit>

A =

2

4
| | | | |
A1 A2 A3 A4 A5

| | | | |

3

5
<latexit sha1_base64="xjGUUsp/57mkwszod0VjZvLQPNs=">AAACCnicbVC7TsMwFHV4lvAKMLIYKlSmKkEIWJDasjAWiT6kJKoc12mtOk5kO0hV1JmFX2FhACFWvoCNv8FpM0DLkWwdn3Ovru8JEkalsu1vY2l5ZXVtvbRhbm5t7+xae/ttGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QSjm9zvPBAhaczv1TghfoQGnIYUI6WlnnVUh9em16ADF3rQrFf07UFYr1RM/cx1v2eV7ao9BVwkTkHKoECzZ315/RinEeEKMySl69iJ8jMkFMWMTEwvlSRBeIQGxNWUo4hIP5uuMoEnWunDMBb6cAWn6u+ODEVSjqNAV0ZIDeW8l4v/eW6qwis/ozxJFeF4NihMGVQxzHOBfSoIVmysCcKC6r9CPEQCYaXTM3UIzvzKi6R9VnUuqs7debnWKOIogUNwDE6BAy5BDdyCJmgBDB7BM3gFb8aT8WK8Gx+z0iWj6DkAf2B8/gBUtJWc</latexit>

A =
h
A0 A00

i

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

Linear 
independent

columns

Linear 
dependent

columns

<latexit sha1_base64="raMONaYtvUXKuAKfP3E/9XEnNZM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjFfkAbymY7aZduNmF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUerk+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFuz8vV2/yOApwCEdwCh5cQhXuoAZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nD/UWjPw=</latexit>

A0 <latexit sha1_base64="m0F3Ny1GSFumOCwfzWAyrA8qDYM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjF4IrvGqEfUi0eM8khgQ2aHASbMzm5mek3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGt1O/+cS1EZF6xHHM/ZAOlOgLRtFKD9flcrdYcivuDGSZeBkpQYZat/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZqRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/yU6HiBLli80X9RBKMyPRv0hOaM5RjSyjTwt5K2JBqytCmU7AheIsvL5PGWcW7qHj356XqTRZHHo7gGE7Bg0uowh3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AVY+NLQ==</latexit>

A00

<latexit sha1_base64="oSkg3u9Mg0v7X1m0I895sEbedSY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZF1IvQ1ovHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRrdTv/VElWaRfDDjmPoCDyQLGcHGSo/VUgndoGqp1isU3bI7A1omXkaKkKHeK3x1+xFJBJWGcKx1x3Nj46dYGUY4neS7iaYxJiM8oB1LJRZU++ns4Ak6tUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhNd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmlLcheIsvL5Pmedm7LHv3F8VKLYsjB8dwAmfgwRVU4A7q0AACAp7hFd4c5bw4787HvHXFyWaO4A+czx/4To6Q</latexit>

A00 = A0B<latexit sha1_base64="z05ZQen/Cfoq6My27iBUsnrTLVo="></latexit>

B =


B13 B14 B15

B23 B24 B25

�

Coordinates of linear dependent columns:

<latexit sha1_base64="Q+jsNg7ae3nvqml1fZSZ0je5hzY=">AAACJHicbZDLSgMxFIYz9VbrbdSlm2CRuiozIiqI0NaN7irYC8wMJZNm2tDMhSQjlKEP48ZXcePCCy7c+CxmpiNq64EkP/93Dkl+N2JUSMP40AoLi0vLK8XV0tr6xuaWvr3TFmHMMWnhkIW86yJBGA1IS1LJSDfiBPkuIx13dJnyzh3hgobBrRxHxPHRIKAexUgqq6ef1+EFtBt0YEEb1itqS4+GDTPTUbBe+cbXGf1hPb1sVI2s4Lwwc1EGeTV7+qvdD3Hsk0BihoSwTCOSToK4pJiRScmOBYkQHqEBsZQMkE+Ek2SfnMAD5fShF3K1Agkz9/dEgnwhxr6rOn0kh2KWpeZ/zIqld+YkNIhiSQI8vciLGZQhTBODfcoJlmysBMKcqrdCPEQcYalyLakQzNkvz4v2UdU8qZo3x+VaI4+jCPbAPjgEJjgFNXAFmqAFMLgHj+AZvGgP2pP2pr1PWwtaPrML/pT2+QXBiZ4n</latexit>

A =
h
A0 A0B

i
= A0

h
I B

i

PROOF:

Lin ind: 

Span: 

<latexit sha1_base64="yQE6vyan2W79Fq0SMMdLbHD2FoQ="></latexit>
0
0

�
= Nz =


B
�I

�
z =


Bz
�z

�
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>) <latexit sha1_base64="hMJSjgpVRIw3o3KM9pSIAMrEnZ0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgmkLbSib7bZdutmE3YlQQ3+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPGiZONeM+i2WsWyE1XArFfRQoeSvRnEah5M1wdDv1m49cGxGrBxwnPIjoQIm+YBSt5D+Ra+J2yxW36s5AlomXkwrkqHfLX51ezNKIK2SSGtP23ASDjGoUTPJJqZManlA2ogPetlTRiJsgmx07ISdW6ZF+rG0pJDP190RGI2PGUWg7I4pDs+hNxf+8dor9qyATKkmRKzZf1E8lwZhMPyc9oTlDObaEMi3srYQNqaYMbT4lG4K3+PIyaZxVvYuqd39eqd3kcRThCI7hFDy4hBrcQR18YCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AIgJjdk=</latexit>

z = 0

<latexit sha1_base64="LQjW1XhC78ZdpYlQhz+j0FULL0I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmRNRl1Y0rqWAf0Cklk6ZtaCYzJBmxDsVfceNCEbf+hzv/xkw7C209EDiccy/35PgRZ0o7zreVW1hcWl7JrxbW1jc2t+ztnboKY0lojYQ8lE0fK8qZoDXNNKfNSFIc+Jw2/OFV6jfuqVQsFHd6FNF2gPuC9RjB2kgde+8BeUwgL8B6QDBPbsali6OOXXTKzgRonrgZKUKGasf+8rohiQMqNOFYqZbrRLqdYKkZ4XRc8GJFI0yGuE9bhgocUNVOJunH6NAoXdQLpXlCo4n6eyPBgVKjwDeTaUo166Xif14r1r3zdsJEFGsqyPRQL+ZIhyitAnWZpETzkSGYSGayIjLAEhNtCiuYEtzZL8+T+nHZPS27tyfFymVWRx724QBK4MIZVOAaqlADAo/wDK/wZj1ZL9a79TEdzVnZzi78gfX5Az8wlHI=</latexit>

x 2 N (A) <latexit sha1_base64="Kmk8pJWTOj5CqJwvA0hOJF3kBto=">AAACAnicbVC7TsMwFHXKq5RXgQmxWFQIpihBCBgLLIxFog+piSrHcVqrjhPZN4gqqlj4FRYGEGLlK9j4G9zHAC3HsnR0zr3XvidIBdfgON9WYWFxaXmluFpaW9/Y3Cpv7zR0kinK6jQRiWoFRDPBJasDB8FaqWIkDgRrBv3rkd+8Z0rzRN7BIGV+TLqSR5wSMFKnvHd5hD1zMPaAPUBu5tiYy9AedsoVx3bGwPPEnZIKmqLWKX95YUKzmEmggmjddp0U/Jwo4FSwYcnLNEsJ7ZMuaxsqScy0n49XGOJDo4Q4SpS5EvBY/d2Rk1jrQRyYyphAT896I/E/r51BdOHnXKYZMEknD0WZwJDgUR445IpREANDCFXc/BXTHlGEgkmtZEJwZ1eeJ40T2z2z3dvTSvVqGkcR7aMDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+piUFqxpzy76A+vzB1MOlX4=</latexit>

A0 lin. ind.
<latexit sha1_base64="O4mrui8pBeZuabbdMukAKAwGLLg="></latexit>

Ax =
⇥
I B

⇤ x0

x00

�
= A0�x0 +Bx00� <latexit sha1_base64="LNxM2pvT3wwEgDSQXcicCgLWuS4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBapIJSkiHoRSr14rGA/oI1ls920SzebsLvRltD/4cWDIl79L978N27bHLT1wcDjvRlm5nkRZ0rb9reVWVldW9/Ibua2tnd29/L7Bw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhtesObqd98pFKxUNzrcUTdAPcF8xnB2kgPoyI6Q1U0KhbRNbK7+YJdsmdAy8RJSQFS1Lr5r04vJHFAhSYcK9V27Ei7CZaaEU4nuU6saITJEPdp21CBA6rcZHb1BJ0YpYf8UJoSGs3U3xMJDpQaB57pDLAeqEVvKv7ntWPtX7kJE1GsqSDzRX7MkQ7RNALUY5ISzceGYCKZuRWRAZaYaBNUzoTgLL68TBrlknNRcu7OC5VqGkcWjuAYTsGBS6jALdSgDgQkPMMrvFlP1ov1bn3MWzNWOnMIf2B9/gCBCo/r</latexit>

x0 +Bx00 = 0
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="v2qvbzNgbLS/JLZRqlJ0TGKxt3s="></latexit>

x =


x0

x00

�
=


B
�I

�
(�x00)

<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="5R/fMEJfU46LmEuiwIxvzEJytmY=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6EqhdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0UlpZXVteK66WNza3tHXd3r6FlqgitE8mlaoVYU84ErRtmOG0liuI45LQZDm8mfvOJKs2keDCjhAYx7gsWMYKNlRpXd+gSeV237FW8KdAi8XNShhy1rvvV6UmSxlQYwrHWbd9LTJBhZRjhdFzqpJommAxxn7YtFTimOsim147RkVV6KJLKljBoqv6eyHCs9SgObWeMzUDPexPxP6+dmugiyJhIUkMFmS2KUo6MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQCUbgj//8iJpnFT8s4p/f1quXudxFOEADuEYfDiHKtxCDepA4BGe4RXeHOm8OO/Ox6y14OQz+/AHzucPzV6N+A==</latexit>

AN = 0

<latexit sha1_base64="DvEiWJp4ntKptylibnxevLyD8pI=">AAACNnicbVDLSsNAFJ3Ud3xFXboZLIqrkvheWt24ERSsFpoSJtPbduhkEmYmYkn7VW78DnduXCji1k9wGovY1gNzOZx7D3PvCRPOlHbdF6swNT0zOze/YC8uLa+sOmvrtypOJYUKjXksqyFRwJmAimaaQzWRQKKQw13YOR/07+5BKhaLG91NoB6RlmBNRok2UuBc2n4ILSayMCJasoe+3cM7uIfz4vt2Odg3tBwc5PVwII0O+CAav+bAKbolNweeJN6QFNEQV4Hz7DdimkYgNOVEqZrnJrqeEakZ5dC3/VRBQmiHtKBmqCARqHqWn93H20Zp4GYszRMa5+pfR0YipbpRaCbNfm013huI//VqqW6e1DMmklSDoD8fNVOOdYwHGeIGk0A17xpCqGRmV0zbRBKqTdK2CcEbP3mS3O6VvKOSd31QPD0bxjGPNtEW2kUeOkan6AJdoQqi6BG9oDf0bj1Zr9aH9fkzWrCGng00AuvrG0lmpkc=</latexit>2

4
| | |
A3 A4 A5

| | |

3

5

<latexit sha1_base64="NrIg/4g7luiuDwXYZtq8p79E/l4="></latexit>

B =

2

4
| | |

A1B13 +A2B23 A1B14 +A2B24 A1B15 +A2B25

| | |

3

5

1

2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="KF5k0aSRtSqEMa+Ff9y66twqKAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO6d98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd/Xqnd5HEU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8we+W41y</latexit>

A4

<latexit sha1_base64="F1FBZ6cW9ZU0CXdk8EGUG+dAEN0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PUi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/XOeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/utFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze/341z</latexit>

A5



<latexit sha1_base64="ePpEt+vrUD7CCRFs8xu0mSrQEgY="></latexit>

B =


B13 B14 B15

B33 B34 B35

�

<latexit sha1_base64="DEFkeyKk47XPWzmHLJZtbiz4RQM="></latexit>2

66664

B13 B14 B15

�1 0 0
B33 B34 B35

0 �1 0
0 0 �1

3

77775

REVIEW: Nullspace - Column Geometry (Computation)

Nullspace basis:
<latexit sha1_base64="VuQvFWY9rKwdlATuw6r1i44oLRs=">AAACEXicbVDLSsNAFJ34rPFVdelmsAjdWBIRdSOUutFdBfuAJpTJ5LYdOpmEmYlYQn/Bjb/ixoUibt2582+cPhBtPXDhcM693HtPkHCmtON8WQuLS8srq7k1e31jc2s7v7NbV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGkH/cuQ37kAqFotbPUjAj0hXsA6jRBupnS9e2F4AXSayICJasvuhXcGeh+2ja9sDEf7I7XzBKTlj4HniTkkBTVFt5z+9MKZpBEJTTpRquU6i/YxIzSiHoe2lChJC+6QLLUMFiUD52fijIT40Sog7sTQlNB6rvycyEik1iALTae7rqVlvJP7ntVLdOfczJpJUg6CTRZ2UYx3jUTw4ZBKo5gNDCJXM3Ippj0hCtQnRNiG4sy/Pk/pxyT0tuTcnhXJlGkcO7aMDVEQuOkNldIWqqIYoekBP6AW9Wo/Ws/VmvU9aF6zpzB76A+vjG2urnCg=</latexit>

=


B
�I

�
<latexit sha1_base64="WNvf1W3M3+FgWYs0gVdsvyrxnco=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OJJKtgPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm5Wt7Z3dPXf/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL7N/fYTVZrF8tFMEhoIPJQsYgSbXLpH16jvVr2aNwNaJn5BqlCg0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE4rvVTTBJMxHtKupRILqoNsdusUnVhlgKJY2ZIGzdTfExkWWk9EaDsFNiO96OXif143NdFVkDGZpIZKMl8UpRyZGOWPowFTlBg+sQQTxeytiIywwsTYeCo2BH/x5WXSOqv5FzX/4bxavyniKMMRHMMp+HAJdbiDBjSBwAie4RXeHOG8OO/Ox7y15BQzh/AHzucP1iWNcw==</latexit>

N =
<latexit sha1_base64="WNvf1W3M3+FgWYs0gVdsvyrxnco=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OJJKtgPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm5Wt7Z3dPXf/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL7N/fYTVZrF8tFMEhoIPJQsYgSbXLpH16jvVr2aNwNaJn5BqlCg0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE4rvVTTBJMxHtKupRILqoNsdusUnVhlgKJY2ZIGzdTfExkWWk9EaDsFNiO96OXif143NdFVkDGZpIZKMl8UpRyZGOWPowFTlBg+sQQTxeytiIywwsTYeCo2BH/x5WXSOqv5FzX/4bxavyniKMMRHMMp+HAJdbiDBjSBwAie4RXeHOG8OO/Ox7y15BQzh/AHzucP1iWNcw==</latexit>

N =

<latexit sha1_base64="rirOfQr50ThYm+/603PSl44g6ac="></latexit>

A =

2

4
| | | | |
A1 A2 A3 A4 A5

| | | | |

3

5
<latexit sha1_base64="xjGUUsp/57mkwszod0VjZvLQPNs=">AAACCnicbVC7TsMwFHV4lvAKMLIYKlSmKkEIWJDasjAWiT6kJKoc12mtOk5kO0hV1JmFX2FhACFWvoCNv8FpM0DLkWwdn3Ovru8JEkalsu1vY2l5ZXVtvbRhbm5t7+xae/ttGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QSjm9zvPBAhaczv1TghfoQGnIYUI6WlnnVUh9em16ADF3rQrFf07UFYr1RM/cx1v2eV7ao9BVwkTkHKoECzZ315/RinEeEKMySl69iJ8jMkFMWMTEwvlSRBeIQGxNWUo4hIP5uuMoEnWunDMBb6cAWn6u+ODEVSjqNAV0ZIDeW8l4v/eW6qwis/ozxJFeF4NihMGVQxzHOBfSoIVmysCcKC6r9CPEQCYaXTM3UIzvzKi6R9VnUuqs7debnWKOIogUNwDE6BAy5BDdyCJmgBDB7BM3gFb8aT8WK8Gx+z0iWj6DkAf2B8/gBUtJWc</latexit>

A =
h
A0 A00

i

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

Linear 
independent

columns

Linear 
dependent

columns

<latexit sha1_base64="raMONaYtvUXKuAKfP3E/9XEnNZM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjFfkAbymY7aZduNmF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUerk+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFuz8vV2/yOApwCEdwCh5cQhXuoAZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nD/UWjPw=</latexit>

A0 <latexit sha1_base64="m0F3Ny1GSFumOCwfzWAyrA8qDYM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjF4IrvGqEfUi0eM8khgQ2aHASbMzm5mek3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGt1O/+cS1EZF6xHHM/ZAOlOgLRtFKD9flcrdYcivuDGSZeBkpQYZat/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZqRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/yU6HiBLli80X9RBKMyPRv0hOaM5RjSyjTwt5K2JBqytCmU7AheIsvL5PGWcW7qHj356XqTRZHHo7gGE7Bg0uowh3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AVY+NLQ==</latexit>

A00

<latexit sha1_base64="oSkg3u9Mg0v7X1m0I895sEbedSY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZF1IvQ1ovHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRrdTv/VElWaRfDDjmPoCDyQLGcHGSo/VUgndoGqp1isU3bI7A1omXkaKkKHeK3x1+xFJBJWGcKx1x3Nj46dYGUY4neS7iaYxJiM8oB1LJRZU++ns4Ak6tUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhNd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmlLcheIsvL5Pmedm7LHv3F8VKLYsjB8dwAmfgwRVU4A7q0AACAp7hFd4c5bw4787HvHXFyWaO4A+czx/4To6Q</latexit>

A00 = A0B

Coordinates of linear dependent columns:

<latexit sha1_base64="5R/fMEJfU46LmEuiwIxvzEJytmY=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6EqhdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0UlpZXVteK66WNza3tHXd3r6FlqgitE8mlaoVYU84ErRtmOG0liuI45LQZDm8mfvOJKs2keDCjhAYx7gsWMYKNlRpXd+gSeV237FW8KdAi8XNShhy1rvvV6UmSxlQYwrHWbd9LTJBhZRjhdFzqpJommAxxn7YtFTimOsim147RkVV6KJLKljBoqv6eyHCs9SgObWeMzUDPexPxP6+dmugiyJhIUkMFmS2KUo6MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQCUbgj//8iJpnFT8s4p/f1quXudxFOEADuEYfDiHKtxCDepA4BGe4RXeHOm8OO/Ox6y14OQz+/AHzucPzV6N+A==</latexit>

AN = 0

<latexit sha1_base64="FzfZNtzAiStqnISiLR+exrqipKU=">AAACJ3icbVDLSgMxFM3UVx1fVZdugkV0VWZE1E2lrRvdVbAPmBlKJs20oZkHSUYoQ//Gjb/iRlARXfonZqYjauuF3Jyccy5JjhsxKqRhfGiFhcWl5ZXiqr62vrG5VdreaYsw5pi0cMhC3nWRIIwGpCWpZKQbcYJ8l5GOO7pM9c4d4YKGwa0cR8Tx0SCgHsVIKqpXuqjDKrQbdGBBG9YPVcv2huop6zT1qjp+G66n+o/aK5WNipEVnAdmDsogL+V/tvshjn0SSMyQEJZpRNJJEJcUMzLR7ViQCOERGhBLwQD5RDhJ9s8JPFBMH3ohVyuQMGN/TyTIF2Lsu8rpIzkUs1pK/qdZsfTOnYQGUSxJgKcXeTGDMoRpaLBPOcGSjRVAmFP1VoiHiCMsVbS6CsGc/fI8aB9XzNOKeXNSrjXyOIpgD+yDI2CCM1ADV6AJWgCDe/AIXsCr9qA9aW/a+9Ra0PKZXfCntM8vWOKe7w==</latexit>

A =
h
A0 A0B

i
P = A0

h
I B

i
P

<latexit sha1_base64="Ef/WTq/Hki80Dwvuu3WDZmi2qN8=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBG8WHZF1GPRi8cK9gPatWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLS8srq2Xtgobm5t7+yW9vYbRqWasjpVQulWSAwTXLK65VawVqIZiUPBmuHwZuI3n5g2XMl7O0pYEJO+5BGnxDqpUXvITv1xt1T2Kt4UeJH4OSlDjlq39NXpKZrGTFoqiDFt30tskBFtORVsXOykhiWEDkmftR2VJGYmyKbXjvGxU3o4UtqVtHiq/p7ISGzMKA5dZ0zswMx7E/E/r53a6CrIuExSyySdLYpSga3Ck9dxj2tGrRg5Qqjm7lZMB0QTal1ARReCP//yImmcVfyLin93Xq5e53EU4BCO4AR8uIQq3EIN6kDhEZ7hFd6QQi/oHX3MWpdQPnMAf4A+fwD+Go7A</latexit>

P�1

<latexit sha1_base64="Kw3ORFJmflK8e9NpZBTo8XQvOFg="></latexit>2

4
| | |
A2 A4 A5

| | |

3

5 =

2

4
| | |

A1B12 +A3B32 A1B14 +A3B34 A1B15 +A3B35

| | |

3

5

1

2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="KF5k0aSRtSqEMa+Ff9y66twqKAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO6d98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd/Xqnd5HEU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8we+W41y</latexit>

A4

<latexit sha1_base64="F1FBZ6cW9ZU0CXdk8EGUG+dAEN0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PUi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/XOeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/utFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze/341z</latexit>

A5

PROOF:

Lin ind: 

Span: 

<latexit sha1_base64="yQE6vyan2W79Fq0SMMdLbHD2FoQ="></latexit>
0
0

�
= Nz =


B
�I

�
z =


Bz
�z

�
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>) <latexit sha1_base64="hMJSjgpVRIw3o3KM9pSIAMrEnZ0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgmkLbSib7bZdutmE3YlQQ3+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPGiZONeM+i2WsWyE1XArFfRQoeSvRnEah5M1wdDv1m49cGxGrBxwnPIjoQIm+YBSt5D+Ra+J2yxW36s5AlomXkwrkqHfLX51ezNKIK2SSGtP23ASDjGoUTPJJqZManlA2ogPetlTRiJsgmx07ISdW6ZF+rG0pJDP190RGI2PGUWg7I4pDs+hNxf+8dor9qyATKkmRKzZf1E8lwZhMPyc9oTlDObaEMi3srYQNqaYMbT4lG4K3+PIyaZxVvYuqd39eqd3kcRThCI7hFDy4hBrcQR18YCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AIgJjdk=</latexit>

z = 0

<latexit sha1_base64="LQjW1XhC78ZdpYlQhz+j0FULL0I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmRNRl1Y0rqWAf0Cklk6ZtaCYzJBmxDsVfceNCEbf+hzv/xkw7C209EDiccy/35PgRZ0o7zreVW1hcWl7JrxbW1jc2t+ztnboKY0lojYQ8lE0fK8qZoDXNNKfNSFIc+Jw2/OFV6jfuqVQsFHd6FNF2gPuC9RjB2kgde+8BeUwgL8B6QDBPbsali6OOXXTKzgRonrgZKUKGasf+8rohiQMqNOFYqZbrRLqdYKkZ4XRc8GJFI0yGuE9bhgocUNVOJunH6NAoXdQLpXlCo4n6eyPBgVKjwDeTaUo166Xif14r1r3zdsJEFGsqyPRQL+ZIhyitAnWZpETzkSGYSGayIjLAEhNtCiuYEtzZL8+T+nHZPS27tyfFymVWRx724QBK4MIZVOAaqlADAo/wDK/wZj1ZL9a79TEdzVnZzi78gfX5Az8wlHI=</latexit>

x 2 N (A) <latexit sha1_base64="Kmk8pJWTOj5CqJwvA0hOJF3kBto=">AAACAnicbVC7TsMwFHXKq5RXgQmxWFQIpihBCBgLLIxFog+piSrHcVqrjhPZN4gqqlj4FRYGEGLlK9j4G9zHAC3HsnR0zr3XvidIBdfgON9WYWFxaXmluFpaW9/Y3Cpv7zR0kinK6jQRiWoFRDPBJasDB8FaqWIkDgRrBv3rkd+8Z0rzRN7BIGV+TLqSR5wSMFKnvHd5hD1zMPaAPUBu5tiYy9AedsoVx3bGwPPEnZIKmqLWKX95YUKzmEmggmjddp0U/Jwo4FSwYcnLNEsJ7ZMuaxsqScy0n49XGOJDo4Q4SpS5EvBY/d2Rk1jrQRyYyphAT896I/E/r51BdOHnXKYZMEknD0WZwJDgUR445IpREANDCFXc/BXTHlGEgkmtZEJwZ1eeJ40T2z2z3dvTSvVqGkcR7aMDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+piUFqxpzy76A+vzB1MOlX4=</latexit>

A0 lin. ind.
<latexit sha1_base64="O4mrui8pBeZuabbdMukAKAwGLLg="></latexit>

Ax =
⇥
I B

⇤ x0

x00

�
= A0�x0 +Bx00� <latexit sha1_base64="LNxM2pvT3wwEgDSQXcicCgLWuS4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBapIJSkiHoRSr14rGA/oI1ls920SzebsLvRltD/4cWDIl79L978N27bHLT1wcDjvRlm5nkRZ0rb9reVWVldW9/Ibua2tnd29/L7Bw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhtesObqd98pFKxUNzrcUTdAPcF8xnB2kgPoyI6Q1U0KhbRNbK7+YJdsmdAy8RJSQFS1Lr5r04vJHFAhSYcK9V27Ei7CZaaEU4nuU6saITJEPdp21CBA6rcZHb1BJ0YpYf8UJoSGs3U3xMJDpQaB57pDLAeqEVvKv7ntWPtX7kJE1GsqSDzRX7MkQ7RNALUY5ISzceGYCKZuRWRAZaYaBNUzoTgLL68TBrlknNRcu7OC5VqGkcWjuAYTsGBS6jALdSgDgQkPMMrvFlP1ov1bn3MWzNWOnMIf2B9/gCBCo/r</latexit>

x0 +Bx00 = 0
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="v2qvbzNgbLS/JLZRqlJ0TGKxt3s="></latexit>

x =


x0

x00

�
=


B
�I

�
(�x00)

<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)



<latexit sha1_base64="pur3xd92jkyGN9P1S9fDYLEfye4="></latexit>

B =


B12 B13 B15

B42 B43 B45

�

<latexit sha1_base64="VLKtuqU/QWmIDOBEgD8ol6HzJ14="></latexit>2

66664

B13 B14 B15

�1 0 0
0 �1 0

B43 B44 B45

0 0 �1

3

77775

REVIEW: Nullspace - Column Geometry (Computation)

Nullspace basis:
<latexit sha1_base64="VuQvFWY9rKwdlATuw6r1i44oLRs=">AAACEXicbVDLSsNAFJ34rPFVdelmsAjdWBIRdSOUutFdBfuAJpTJ5LYdOpmEmYlYQn/Bjb/ixoUibt2582+cPhBtPXDhcM693HtPkHCmtON8WQuLS8srq7k1e31jc2s7v7NbV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGkH/cuQ37kAqFotbPUjAj0hXsA6jRBupnS9e2F4AXSayICJasvuhXcGeh+2ja9sDEf7I7XzBKTlj4HniTkkBTVFt5z+9MKZpBEJTTpRquU6i/YxIzSiHoe2lChJC+6QLLUMFiUD52fijIT40Sog7sTQlNB6rvycyEik1iALTae7rqVlvJP7ntVLdOfczJpJUg6CTRZ2UYx3jUTw4ZBKo5gNDCJXM3Ippj0hCtQnRNiG4sy/Pk/pxyT0tuTcnhXJlGkcO7aMDVEQuOkNldIWqqIYoekBP6AW9Wo/Ws/VmvU9aF6zpzB76A+vjG2urnCg=</latexit>

=


B
�I

�
<latexit sha1_base64="WNvf1W3M3+FgWYs0gVdsvyrxnco=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OJJKtgPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm5Wt7Z3dPXf/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL7N/fYTVZrF8tFMEhoIPJQsYgSbXLpH16jvVr2aNwNaJn5BqlCg0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE4rvVTTBJMxHtKupRILqoNsdusUnVhlgKJY2ZIGzdTfExkWWk9EaDsFNiO96OXif143NdFVkDGZpIZKMl8UpRyZGOWPowFTlBg+sQQTxeytiIywwsTYeCo2BH/x5WXSOqv5FzX/4bxavyniKMMRHMMp+HAJdbiDBjSBwAie4RXeHOG8OO/Ox7y15BQzh/AHzucP1iWNcw==</latexit>

N =

<latexit sha1_base64="rirOfQr50ThYm+/603PSl44g6ac="></latexit>

A =

2

4
| | | | |
A1 A2 A3 A4 A5

| | | | |

3

5
<latexit sha1_base64="xjGUUsp/57mkwszod0VjZvLQPNs=">AAACCnicbVC7TsMwFHV4lvAKMLIYKlSmKkEIWJDasjAWiT6kJKoc12mtOk5kO0hV1JmFX2FhACFWvoCNv8FpM0DLkWwdn3Ovru8JEkalsu1vY2l5ZXVtvbRhbm5t7+xae/ttGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QSjm9zvPBAhaczv1TghfoQGnIYUI6WlnnVUh9em16ADF3rQrFf07UFYr1RM/cx1v2eV7ao9BVwkTkHKoECzZ315/RinEeEKMySl69iJ8jMkFMWMTEwvlSRBeIQGxNWUo4hIP5uuMoEnWunDMBb6cAWn6u+ODEVSjqNAV0ZIDeW8l4v/eW6qwis/ozxJFeF4NihMGVQxzHOBfSoIVmysCcKC6r9CPEQCYaXTM3UIzvzKi6R9VnUuqs7debnWKOIogUNwDE6BAy5BDdyCJmgBDB7BM3gFb8aT8WK8Gx+z0iWj6DkAf2B8/gBUtJWc</latexit>

A =
h
A0 A00

i

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

Linear 
independent

columns

Linear 
dependent

columns

<latexit sha1_base64="raMONaYtvUXKuAKfP3E/9XEnNZM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjFfkAbymY7aZduNmF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUerk+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFuz8vV2/yOApwCEdwCh5cQhXuoAZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nD/UWjPw=</latexit>

A0 <latexit sha1_base64="m0F3Ny1GSFumOCwfzWAyrA8qDYM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjF4IrvGqEfUi0eM8khgQ2aHASbMzm5mek3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGt1O/+cS1EZF6xHHM/ZAOlOgLRtFKD9flcrdYcivuDGSZeBkpQYZat/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZqRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/yU6HiBLli80X9RBKMyPRv0hOaM5RjSyjTwt5K2JBqytCmU7AheIsvL5PGWcW7qHj356XqTRZHHo7gGE7Bg0uowh3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AVY+NLQ==</latexit>

A00

<latexit sha1_base64="oSkg3u9Mg0v7X1m0I895sEbedSY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZF1IvQ1ovHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRrdTv/VElWaRfDDjmPoCDyQLGcHGSo/VUgndoGqp1isU3bI7A1omXkaKkKHeK3x1+xFJBJWGcKx1x3Nj46dYGUY4neS7iaYxJiM8oB1LJRZU++ns4Ak6tUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhNd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmlLcheIsvL5Pmedm7LHv3F8VKLYsjB8dwAmfgwRVU4A7q0AACAp7hFd4c5bw4787HvHXFyWaO4A+czx/4To6Q</latexit>

A00 = A0B

Coordinates of linear dependent columns:

<latexit sha1_base64="5R/fMEJfU46LmEuiwIxvzEJytmY=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irol6EqhdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0UlpZXVteK66WNza3tHXd3r6FlqgitE8mlaoVYU84ErRtmOG0liuI45LQZDm8mfvOJKs2keDCjhAYx7gsWMYKNlRpXd+gSeV237FW8KdAi8XNShhy1rvvV6UmSxlQYwrHWbd9LTJBhZRjhdFzqpJommAxxn7YtFTimOsim147RkVV6KJLKljBoqv6eyHCs9SgObWeMzUDPexPxP6+dmugiyJhIUkMFmS2KUo6MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQCUbgj//8iJpnFT8s4p/f1quXudxFOEADuEYfDiHKtxCDepA4BGe4RXeHOm8OO/Ox6y14OQz+/AHzucPzV6N+A==</latexit>

AN = 0

<latexit sha1_base64="FzfZNtzAiStqnISiLR+exrqipKU=">AAACJ3icbVDLSgMxFM3UVx1fVZdugkV0VWZE1E2lrRvdVbAPmBlKJs20oZkHSUYoQ//Gjb/iRlARXfonZqYjauuF3Jyccy5JjhsxKqRhfGiFhcWl5ZXiqr62vrG5VdreaYsw5pi0cMhC3nWRIIwGpCWpZKQbcYJ8l5GOO7pM9c4d4YKGwa0cR8Tx0SCgHsVIKqpXuqjDKrQbdGBBG9YPVcv2huop6zT1qjp+G66n+o/aK5WNipEVnAdmDsogL+V/tvshjn0SSMyQEJZpRNJJEJcUMzLR7ViQCOERGhBLwQD5RDhJ9s8JPFBMH3ohVyuQMGN/TyTIF2Lsu8rpIzkUs1pK/qdZsfTOnYQGUSxJgKcXeTGDMoRpaLBPOcGSjRVAmFP1VoiHiCMsVbS6CsGc/fI8aB9XzNOKeXNSrjXyOIpgD+yDI2CCM1ADV6AJWgCDe/AIXsCr9qA9aW/a+9Ra0PKZXfCntM8vWOKe7w==</latexit>

A =
h
A0 A0B

i
P = A0

h
I B

i
P

<latexit sha1_base64="WNvf1W3M3+FgWYs0gVdsvyrxnco=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9OJJKtgPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm5Wt7Z3dPXf/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL7N/fYTVZrF8tFMEhoIPJQsYgSbXLpH16jvVr2aNwNaJn5BqlCg0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE4rvVTTBJMxHtKupRILqoNsdusUnVhlgKJY2ZIGzdTfExkWWk9EaDsFNiO96OXif143NdFVkDGZpIZKMl8UpRyZGOWPowFTlBg+sQQTxeytiIywwsTYeCo2BH/x5WXSOqv5FzX/4bxavyniKMMRHMMp+HAJdbiDBjSBwAie4RXeHOG8OO/Ox7y15BQzh/AHzucP1iWNcw==</latexit>

N =
<latexit sha1_base64="Ef/WTq/Hki80Dwvuu3WDZmi2qN8=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBG8WHZF1GPRi8cK9gPatWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLS8srq2Xtgobm5t7+yW9vYbRqWasjpVQulWSAwTXLK65VawVqIZiUPBmuHwZuI3n5g2XMl7O0pYEJO+5BGnxDqpUXvITv1xt1T2Kt4UeJH4OSlDjlq39NXpKZrGTFoqiDFt30tskBFtORVsXOykhiWEDkmftR2VJGYmyKbXjvGxU3o4UtqVtHiq/p7ISGzMKA5dZ0zswMx7E/E/r53a6CrIuExSyySdLYpSga3Ck9dxj2tGrRg5Qqjm7lZMB0QTal1ARReCP//yImmcVfyLin93Xq5e53EU4BCO4AR8uIQq3EIN6kDhEZ7hFd6QQi/oHX3MWpdQPnMAf4A+fwD+Go7A</latexit>

P�1

<latexit sha1_base64="T844pLt3YU1+I72DpXdcXNqC/Cw="></latexit>2

4
| | |
A2 A3 A5

| | |

3

5 =

2

4
| | |

A1B12 +A4B42 A1B13 +A4B43 A1B15 +A4B45

| | |

3

5

1

2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="KF5k0aSRtSqEMa+Ff9y66twqKAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO6d98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd/Xqnd5HEU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8we+W41y</latexit>

A4

<latexit sha1_base64="F1FBZ6cW9ZU0CXdk8EGUG+dAEN0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PUi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/XOeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/utFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze/341z</latexit>

A5

PROOF:

Lin ind: 

Span: 

<latexit sha1_base64="yQE6vyan2W79Fq0SMMdLbHD2FoQ="></latexit>
0
0

�
= Nz =


B
�I

�
z =


Bz
�z

�
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>) <latexit sha1_base64="hMJSjgpVRIw3o3KM9pSIAMrEnZ0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgmkLbSib7bZdutmE3YlQQ3+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPGiZONeM+i2WsWyE1XArFfRQoeSvRnEah5M1wdDv1m49cGxGrBxwnPIjoQIm+YBSt5D+Ra+J2yxW36s5AlomXkwrkqHfLX51ezNKIK2SSGtP23ASDjGoUTPJJqZManlA2ogPetlTRiJsgmx07ISdW6ZF+rG0pJDP190RGI2PGUWg7I4pDs+hNxf+8dor9qyATKkmRKzZf1E8lwZhMPyc9oTlDObaEMi3srYQNqaYMbT4lG4K3+PIyaZxVvYuqd39eqd3kcRThCI7hFDy4hBrcQR18YCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AIgJjdk=</latexit>

z = 0

<latexit sha1_base64="LQjW1XhC78ZdpYlQhz+j0FULL0I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmRNRl1Y0rqWAf0Cklk6ZtaCYzJBmxDsVfceNCEbf+hzv/xkw7C209EDiccy/35PgRZ0o7zreVW1hcWl7JrxbW1jc2t+ztnboKY0lojYQ8lE0fK8qZoDXNNKfNSFIc+Jw2/OFV6jfuqVQsFHd6FNF2gPuC9RjB2kgde+8BeUwgL8B6QDBPbsali6OOXXTKzgRonrgZKUKGasf+8rohiQMqNOFYqZbrRLqdYKkZ4XRc8GJFI0yGuE9bhgocUNVOJunH6NAoXdQLpXlCo4n6eyPBgVKjwDeTaUo166Xif14r1r3zdsJEFGsqyPRQL+ZIhyitAnWZpETzkSGYSGayIjLAEhNtCiuYEtzZL8+T+nHZPS27tyfFymVWRx724QBK4MIZVOAaqlADAo/wDK/wZj1ZL9a79TEdzVnZzi78gfX5Az8wlHI=</latexit>

x 2 N (A) <latexit sha1_base64="Kmk8pJWTOj5CqJwvA0hOJF3kBto=">AAACAnicbVC7TsMwFHXKq5RXgQmxWFQIpihBCBgLLIxFog+piSrHcVqrjhPZN4gqqlj4FRYGEGLlK9j4G9zHAC3HsnR0zr3XvidIBdfgON9WYWFxaXmluFpaW9/Y3Cpv7zR0kinK6jQRiWoFRDPBJasDB8FaqWIkDgRrBv3rkd+8Z0rzRN7BIGV+TLqSR5wSMFKnvHd5hD1zMPaAPUBu5tiYy9AedsoVx3bGwPPEnZIKmqLWKX95YUKzmEmggmjddp0U/Jwo4FSwYcnLNEsJ7ZMuaxsqScy0n49XGOJDo4Q4SpS5EvBY/d2Rk1jrQRyYyphAT896I/E/r51BdOHnXKYZMEknD0WZwJDgUR445IpREANDCFXc/BXTHlGEgkmtZEJwZ1eeJ40T2z2z3dvTSvVqGkcR7aMDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+piUFqxpzy76A+vzB1MOlX4=</latexit>

A0 lin. ind.
<latexit sha1_base64="O4mrui8pBeZuabbdMukAKAwGLLg="></latexit>

Ax =
⇥
I B

⇤ x0

x00

�
= A0�x0 +Bx00� <latexit sha1_base64="LNxM2pvT3wwEgDSQXcicCgLWuS4=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBapIJSkiHoRSr14rGA/oI1ls920SzebsLvRltD/4cWDIl79L978N27bHLT1wcDjvRlm5nkRZ0rb9reVWVldW9/Ibua2tnd29/L7Bw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhtesObqd98pFKxUNzrcUTdAPcF8xnB2kgPoyI6Q1U0KhbRNbK7+YJdsmdAy8RJSQFS1Lr5r04vJHFAhSYcK9V27Ei7CZaaEU4nuU6saITJEPdp21CBA6rcZHb1BJ0YpYf8UJoSGs3U3xMJDpQaB57pDLAeqEVvKv7ntWPtX7kJE1GsqSDzRX7MkQ7RNALUY5ISzceGYCKZuRWRAZaYaBNUzoTgLL68TBrlknNRcu7OC5VqGkcWjuAYTsGBS6jALdSgDgQkPMMrvFlP1ov1bn3MWzNWOnMIf2B9/gCBCo/r</latexit>

x0 +Bx00 = 0
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="v2qvbzNgbLS/JLZRqlJ0TGKxt3s="></latexit>

x =


x0

x00

�
=


B
�I

�
(�x00)

<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)


