
Hungarian (Munkres) Algorithm - Convex Relaxation

N workers

N tasks

<latexit sha1_base64="YYZGU0M8nQy770rIlOUb90UC+rs="></latexit>2
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9 1 9 9
2 9 9 9
9 9 9 3
9 9 4 9
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775 Cost matrix

Overall Cost:

<latexit sha1_base64="po+MCAIFK4yLKvllX0FkOElWTss=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz24rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcm/ntJ1Sax/LBTBL0IzqUPOSMGis1av1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsrVuzyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBl92MzQ==</latexit>

C

Optimal Assignment

One task per worker 

Optimal matching

Bipartite Matching Perspective 

…Costs are edge weights

If a worker can’t perform a task… 
either remove the edge… 
or make the cost infty

N workersN tasks

Sum of costs for each assigned worker do you see why? 

for some permutation matrix: 
<latexit sha1_base64="pyQPRiee0opS5jbbYJv1TVMjhjw=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KomIuiy6cRnBPqAJZTKdtEMnkzAzUUrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYO2SjJJaIskPJHdECvKmaAtzTSn3VRSHIecdsLxTeF3HqhULBH3epLSIMZDwSJGsDZS3655yGcC+THWI4J57k37dt1pODOgZeKWpA4lvL795Q8SksVUaMKxUj3XSXWQY6kZ4XRa9TNFU0zGeEh7hgocUxXks+hTdGKUAYoSaZ7QaKb+3shxrNQkDs1kEVEteoX4n9fLdHQV5EykmaaCzA9FGUc6QUUPaMAkJZpPDMFEMpMVkRGWmGjTVtWU4C5+eZm0zxruRcO9O683r8s6KnAEx3AKLlxCE27BgxYQeIRneIU368l6sd6tj/noilXuHMIfWJ8/on+TnA==</latexit>

P 2 P not a convex set do you see why? 

A permutation matrix is an identity matrix with the columns (or rows) shuffled…

Convex Relaxation: <latexit sha1_base64="rPqcaONwIPoQvdMhQn4HkZvtxqk=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu49XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlTmRdA==</latexit>X<latexit sha1_base64="gZQ/VLptV8OLqbLt73eouSIIGq0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRNWeDas2re3O4q8QvSA0KNAfVr/5Q0TRmEqkgxvR8L8EgIxo5FWxW6aeGJYROyIj1LJUkZibI5pFn7plVhm6ktH0S3bn6eyMjsTHTOLSTeUSz7OXif14vxegmyLhMUmSSLj6KUuGicvP73SHXjKKYWkKo5jarS8dEE4q2pYotwV8+eZW0L+r+Vd1/uKw1bos6ynACp3AOPlxDA+6hCS2goOAZXuHNQefFeXc+FqMlp9g5hj9wPn8AiRGRbA==</latexit>P Doubly stochastic matrices: rows and columns sum to 1
<latexit sha1_base64="rPqcaONwIPoQvdMhQn4HkZvtxqk=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu49XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlTmRdA==</latexit>X is convex 

Birkhoff-von Neummann Theorem: “the convex hull of permutation matrices is doubly stochastic matrices

<latexit sha1_base64="BWvn7rrE+Ue+GTndmzVvqVV9Vog=">AAACSnicbZA9T8MwEIadUqCErwAji0UFYqoShICxgoWxSPRDaqLKca+theNEtoOoov4+FiY2fgQLAwix4LaRWlpOOun1c3f2+Q0TzpR23TersFJcXVsvbdibW9s7u87efkPFqaRQpzGPZSskCjgTUNdMc2glEkgUcmiGDzfjevMRpGKxuNfDBIKI9AXrMUq0QR2H+CH0mcjCiGjJnkbYdvEJ9ky6k/R9e3bIgTsHvHkw7bR9EN3ZhR2n7FbcSeBl4eWijPKodZxXvxvTNAKhKSdKtT030UFGpGaUw8j2UwUJoQ+kD20jBYlABdnEihE+NqSLe7E0KTSe0PmJjERKDaPQdJoFB2qxNob/1dqp7l0FGRNJqkHQ6UO9lGMd47GvuMskUM2HRhAqmdkV0wGRhGrjvm1M8Ba/vCwaZxXvouLdnZer17kdJXSIjtAp8tAlqqJbVEN1RNEzekef6Mt6sT6sb+tn2lqw8pkD9CcKxV9z1aY0</latexit>2
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0 1 0 0
1 0 0 0
0 0 0 1
0 0 1 0
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775ex. 

Doubly stochastic matrices: 
<latexit sha1_base64="W7561F1chFkPikg/pNeR98lb80I=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiRd0IRTcuK9gHtKFMppN26GQSZiZCCcWNv+LGhSJu/Qp3/o2TNovaemDgzDn3cu89fsyZ0o7zYxVWVtfWN4qbpa3tnd09e/+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dJv5rUcqFYvEgx7H1AvxQLCAEayN1LOP2qgbYj30g9SdoOu5T88uOxVnCrRM3JyUIUe9Z393+xFJQio04VipjuvE2kux1IxwOil1E0VjTEZ4QDuGChxS5aXTEybo1Ch9FETSPKHRVJ3vSHGo1Dj0TWW2oVr0MvE/r5Po4MpLmYgTTQWZDQoSjnSEsjxQn0lKNB8bgolkZldEhlhiok1qJROCu3jyMmmeV9yLintfLddu8jiKcAwncAYuXEIN7qAODSDwBC/wBu/Ws/VqfVifs9KClfccwh9YX78DwJaO</latexit>

X1 = 1
<latexit sha1_base64="1pFZ0EVKbgosgvlar+MiAMT8gOw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0N4m7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0M/VbT6g0j6N7M07Ql3QQ8ZAzaqz00CbdAT4Sl/TKFbfqzkCWiZeTCuSo98pf3X7MUomRYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYGlGJ2s9mB0/IiVX6JIyVrciQmfp7IqNS67EMbKekZqgXvan4n9dJTXjlZzxKUoMRmy8KU0FMTKbfkz5XyIwYW0KZ4vZWwoZUUWZsRiUbgrf48jJpnlW9i6p3d16pXedxFOEIjuEUPLiEGtxCHRrAQMIzvMKbo5wX5935mLcWnHzmEP7A+fwBMJqPWw==</latexit>

X � 0
<latexit sha1_base64="FruHeT/rfP16Jm17v9/um8CdSw8=">AAAB+nicbVBNS8NAFHzxs9avVI9eFovgqSQi6rHoxWMF2waaUDbbTbt0swm7G6XE/hQvHhTx6i/x5r9x0+agrQMLw8x7vNkJU86Udpxva2V1bX1js7JV3d7Z3du3awcdlWSS0DZJeCK9ECvKmaBtzTSnXiopjkNOu+H4pvC7D1Qqloh7PUlpEOOhYBEjWBupb9c85DOB/BjrEcE896Z9u+40nBnQMnFLUocSrb795Q8SksVUaMKxUj3XSXWQY6kZ4XRa9TNFU0zGeEh7hgocUxXks+hTdGKUAYoSaZ7QaKb+3shxrNQkDs1kEVEteoX4n9fLdHQV5EykmaaCzA9FGUc6QUUPaMAkJZpPDMFEMpMVkRGWmGjTVtWU4C5+eZl0zhruRcO9O683r8s6KnAEx3AKLlxCE26hBW0g8AjP8Apv1pP1Yr1bH/PRFavcOYQ/sD5/ALtHk6w=</latexit>

X 2 X satisfies 

Convex 
Relaxation

<latexit sha1_base64="sglps+zQRCPWMkrUFkspQCUqZJE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTFxIljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOkwxoZyJmnLMstpmGqKRczpQzy6mfoPT1QbpuS9Hac0EnggWcIItk4Ku4LJXh5OetWaX/dnQMskKEgNCjR71a9uX5FMUGkJx8Z0Aj+1UY61ZYTTSaWbGZpiMsID2nFUYkFNlM/unaATp/RRorQradFM/T2RY2HMWMSuU2A7NIveVPzP62Q2uYpyJtPMUknmi5KMI6vQ9HnUZ5oSy8eOYKKZuxWRIdaYWBdRxYUQLL68TNpn9eCiHtyd1xrXRRxlOIJjOIUALqEBt9CEFhDg8Ayv8OY9ei/eu/cxby15xcwh/IH3+QNED5Af</latexit>

min
X

s.t.
<latexit sha1_base64="W7561F1chFkPikg/pNeR98lb80I=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiRd0IRTcuK9gHtKFMppN26GQSZiZCCcWNv+LGhSJu/Qp3/o2TNovaemDgzDn3cu89fsyZ0o7zYxVWVtfWN4qbpa3tnd09e/+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dJv5rUcqFYvEgx7H1AvxQLCAEayN1LOP2qgbYj30g9SdoOu5T88uOxVnCrRM3JyUIUe9Z393+xFJQio04VipjuvE2kux1IxwOil1E0VjTEZ4QDuGChxS5aXTEybo1Ch9FETSPKHRVJ3vSHGo1Dj0TWW2oVr0MvE/r5Po4MpLmYgTTQWZDQoSjnSEsjxQn0lKNB8bgolkZldEhlhiok1qJROCu3jyMmmeV9yLintfLddu8jiKcAwncAYuXEIN7qAODSDwBC/wBu/Ws/VqfVifs9KClfccwh9YX78DwJaO</latexit>

X1 = 1
<latexit sha1_base64="1pFZ0EVKbgosgvlar+MiAMT8gOw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0N4m7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0M/VbT6g0j6N7M07Ql3QQ8ZAzaqz00CbdAT4Sl/TKFbfqzkCWiZeTCuSo98pf3X7MUomRYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYGlGJ2s9mB0/IiVX6JIyVrciQmfp7IqNS67EMbKekZqgXvan4n9dJTXjlZzxKUoMRmy8KU0FMTKbfkz5XyIwYW0KZ4vZWwoZUUWZsRiUbgrf48jJpnlW9i6p3d16pXedxFOEIjuEUPLiEGtxCHRrAQMIzvMKbo5wX5935mLcWnHzmEP7A+fwBMJqPWw==</latexit>

X � 0

do you see why? 

Dual 
Program

<latexit sha1_base64="NuhzeZOUe+jT2XgylwlNUGDqnoY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXRD0WvXis4LaF7lKyadqGJtklyVbL0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmRQln2rjut7Oyura+sVnYKm7v7O7tlw4OGzpOFaE+iXmsWhHWlDNJfcMMp61EUSwiTpvR8HbqN0dUaRbLBzNOaChwX7IeI9hYKQgEfupko8pjxZ90SmW36s6AlomXkzLkqHdKX0E3Jqmg0hCOtW57bmLCDCvDCKeTYpBqmmAyxH3atlRiQXWYzW6eoFOrdFEvVrakQTP190SGhdZjEdlOgc1AL3pT8T+vnZredZgxmaSGSjJf1Es5MjGaBoC6TFFi+NgSTBSztyIywAoTY2Mq2hC8xZeXSeO86l1WvfuLcu0mj6MAx3ACZ+DBFdTgDurgA4EEnuEV3pzUeXHenY9564qTzxzBHzifP9G5kYs=</latexit>max
v,w,U

<latexit sha1_base64="LAkdiO9H37ZN53Ix0HYWRD/MpSQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRIRdSMU3bis0Be0sUymk3boZBJmJkIJBTf+ihsXirj1J9z5N07agNp6YODMOfdy7z1+zJnSjvNlLSwuLa+sFtaK6xubW9v2zm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wOvOb91QqFomaHsXUC3FfsIARrI3Utfdbd7VOiPXAD1J3jC7Rz6drl5yyMwGaJ25OSpCj2rU/O72IJCEVmnCsVNt1Yu2lWGpGOB0XO4miMSZD3KdtQwUOqfLSyQ1jdGSUHgoiaZ7QaKL+7khxqNQo9E1ltqGa9TLxP6+d6ODCS5mIE00FmQ4KEo50hLJAUI9JSjQfGYKJZGZXRAZYYqJNbEUTgjt78jxpnJTds7J7e1qqXOVxFOAADuEYXDiHCtxAFepA4AGe4AVerUfr2Xqz3qelC1beswd/YH18AxQelyo=</latexit>

XT1 = 1

<latexit sha1_base64="LAkdiO9H37ZN53Ix0HYWRD/MpSQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRIRdSMU3bis0Be0sUymk3boZBJmJkIJBTf+ihsXirj1J9z5N07agNp6YODMOfdy7z1+zJnSjvNlLSwuLa+sFtaK6xubW9v2zm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wOvOb91QqFomaHsXUC3FfsIARrI3Utfdbd7VOiPXAD1J3jC7Rz6drl5yyMwGaJ25OSpCj2rU/O72IJCEVmnCsVNt1Yu2lWGpGOB0XO4miMSZD3KdtQwUOqfLSyQ1jdGSUHgoiaZ7QaKL+7khxqNQo9E1ltqGa9TLxP6+d6ODCS5mIE00FmQ4KEo50hLJAUI9JSjQfGYKJZGZXRAZYYqJNbEUTgjt78jxpnJTds7J7e1qqXOVxFOAADuEYXDiHCtxAFepA4AGe4AVerUfr2Xqz3qelC1beswd/YH18AxQelyo=</latexit>

XT1 = 1

<latexit sha1_base64="VjtO/Fwykchh1Zk0GrEcst9kI/o=">AAACCHicbVBNS8NAEJ34WetX1KMHF4sgCCURUY9FLx4r9AvaWDbbTbt0swm7m0oJPXrxr3jxoIhXf4I3/42btgfb+mDg8d4MM/P8mDOlHefHWlpeWV1bz23kN7e2d3btvf2aihJJaJVEPJINHyvKmaBVzTSnjVhSHPqc1v3+bebXB1QqFomKHsbUC3FXsIARrI3Uto8GDxXUCrHu+UHqjtAZepwR2nbBKTpjoEXiTkkBpii37e9WJyJJSIUmHCvVdJ1YeymWmhFOR/lWomiMSR93adNQgUOqvHT8yAidGKWDgkiaEhqN1b8TKQ6VGoa+6cwuVPNeJv7nNRMdXHspE3GiqSCTRUHCkY5QlgrqMEmJ5kNDMJHM3IpID0tMtMkub0Jw519eJLXzontZdO8vCqWbaRw5OIRjOAUXrqAEd1CGKhB4ghd4g3fr2Xq1PqzPSeuSNZ05gBlYX78v45jR</latexit>

vT1+ wT1

s.t.
<latexit sha1_base64="u1FAtp7tgdSbSafg5/3HceEqPfc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy203bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCooeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0N/ObT6g0j+WjmSQYRHQgeZ8zaqzU8klngGPidssVt+rOQVaJl5MK5Kh3y1+dXszSCKVhgmrd9tzEBBlVhjOB01In1ZhQNqIDbFsqaYQ6yOb3TsmZVXqkHytb0pC5+nsio5HWkyi0nRE1Q73szcT/vHZq+jdBxmWSGpRssaifCmJiMnue9LhCZsTEEsoUt7cSNqSKMmMjKtkQvOWXV0njoupdVb2Hy0rtNo+jCCdwCufgwTXU4B7q4AMDAc/wCm/O2Hlx3p2PRWvByWeO4Q+czx/UF48u</latexit>

U � 0

Dual Variable Interpretation

Inefficiency of worker   
performing task 

<latexit sha1_base64="iIZsj8scUW9oDmR6a5ov8/16iTE=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISEfVY7MVjhX5BG8tmu2mXbjZhdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbm+bHgGhzn28qtrW9sbuW3Czu7e/tF++CwpaNEUdakkYhUxyeaCS5ZEzgI1okVI6EvWNsf12Z++4EpzSPZgEnMvJAMJQ84JWCkvl3sAXuEtKGm5dp9o37Wt0tOxZkDrxI3IyWUod63v3qDiCYhk0AF0brrOjF4KVHAqWDTQi/RLCZ0TIasa6gkIdNeOj98ik+NMsBBpExJwHP190RKQq0noW86QwIjvezNxP+8bgLBtZdyGSfAJF0sChKBIcKzFPCAK0ZBTAwhVHFzK6YjoggFk1XBhOAuv7xKWucV97Li3l2UqjdZHHl0jE5QGbnoClXRLaqjJqIoQc/oFb1ZT9aL9W59LFpzVjZzhP7A+vwBH2qSvA==</latexit>

Tr(CTP )

<latexit sha1_base64="JAEvEK0B4L8FJw2/7+d1dwPQR0g=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISEfVY7MVjhX5BG8tmu2mXbjZhdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbm+bHgGhzn28qtrW9sbuW3Czu7e/tF++CwpaNEUdakkYhUxyeaCS5ZEzgI1okVI6EvWNsf12Z++4EpzSPZgEnMvJAMJQ84JWCkvl3sAXuEtKGm5dp9o3PWt0tOxZkDrxI3IyWUod63v3qDiCYhk0AF0brrOjF4KVHAqWDTQi/RLCZ0TIasa6gkIdNeOj98ik+NMsBBpExJwHP190RKQq0noW86QwIjvezNxP+8bgLBtZdyGSfAJF0sChKBIcKzFPCAK0ZBTAwhVHFzK6YjoggFk1XBhOAuv7xKWucV97Li3l2UqjdZHHl0jE5QGbnoClXRLaqjJqIoQc/oFb1ZT9aL9W59LFpzVjZzhP7A+vwBK5KSxA==</latexit>

Tr(CTX)

<latexit sha1_base64="MQ1xx1oWNan9WNibHMLf6OHGoLI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQhZKIqBuh2I3LCk1baNMymU7aoZNJmJlUSug/uPFX3LhQxK0bd/6N0zSL2npg4Mw593LvPV7EqFSW9WPkVlbX1jfym4Wt7Z3dPXP/oC7DWGDi4JCFoukhSRjlxFFUMdKMBEGBx0jDG1amfmNEhKQhr6lxRNwA9Tn1KUZKS13zrNKpwVvYDpAaeH5iT0b6fw4f55RUcDq1rlm0SlYKuEzsjBRBhmrX/G73QhwHhCvMkJQt24qUmyChKGZkUmjHkkQID1GftDTlKCDSTdKbJvBEKz3oh0I/rmCqznckKJByHHi6crqpXPSm4n9eK1b+jZtQHsWKcDwb5McMqhBOA4I9KghWbKwJwoLqXSEeIIGw0jEWdAj24snLpH5Rsq9K9sNlsXyXxZEHR+AYnAIbXIMyuAdV4AAMnsALeAPvxrPxanwYn7PSnJH1HII/ML5+AXN9nAM=</latexit>

CT = 1vT + w1T + UT

row potential - lower bound on 
cost of performing task

<latexit sha1_base64="mWiPtudle7khbcN4UqOcUEzEnJc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDwVvXisYNpCG8pmu2mX7m7C7qZQQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8X3utydUaRbLJzNNaCDwULKIEWxyadJnt/1qza27c6BV4hWkBgWa/epXbxCTVFBpCMdadz03MUGGlWGE01mll2qaYDLGQ9q1VGJBdZDNb52hM6sMUBQrW9Kgufp7IsNC66kIbafAZqSXvVz8z+umJroJMiaT1FBJFouilCMTo/xxNGCKEsOnlmCimL0VkRFWmBgbT8WG4C2/vEpaF3Xvqu49XtYad0UcZTiBUzgHD66hAQ/QBB8IjOAZXuHNEc6L8+58LFpLTjFzDH/gfP4A3YqOIA==</latexit>vi :

<latexit sha1_base64="wjHTEtyrDegBS5Gtwl7TD6RFqBI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp6MVjBfsB7VKyabaNTbJLklXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45vMbz9SpVkk780kpr7AQ8lCRrDJpKf+w1W/XHGr7gxomXg5qUCORr/81RtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1un6MQqAxRGypY0aKb+nkix0HoiAtspsBnpRS8T//O6iQkv/ZTJODFUkvmiMOHIRCh7HA2YosTwiSWYKGZvRWSEFSbGxlOyIXiLLy+T1lnVq1W9u/NK/TqPowhHcAyn4MEF1OEWGtAEAiN4hld4c4Tz4rw7H/PWgpPPHMIfOJ8/4JaOIg==</latexit>wj : column potential - lower bound on 
cost incurred by worker

<latexit sha1_base64="Tn4mno/rTBvfoV2pVWR2qqXIlHw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDwVvXisYNpCG8pmO23XbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzDjBIKIDyfucUWOlpt/N+OPkuluuuFV3BrJMvJxUIEe9W/7q9GKWRigNE1TrtucmJsioMpwJnJQ6qcaEshEdYNtSSSPUQTY7d0JOrNIj/VjZkobM1N8TGY20Hkeh7YyoGepFbyr+57VT078KMi6T1KBk80X9VBATk+nvpMcVMiPGllCmuL2VsCFVlBmbUMmG4C2+vEwaZ1Xvourdn1dqN3kcRTiCYzgFDy6hBndQBx8YjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBOMePfw==</latexit>

Uij :

<latexit sha1_base64="nlCkhhzrBd/ehf0k6yyeTO6J0sc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU4P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A0XWM8w==</latexit>

i

<latexit sha1_base64="6hOVjykujFE1lDWqGm9laeT2Xzk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVW9xmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0vmM9A==</latexit>

j
<latexit sha1_base64="6hOVjykujFE1lDWqGm9laeT2Xzk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVW9xmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0vmM9A==</latexit>

j
<latexit sha1_base64="nlCkhhzrBd/ehf0k6yyeTO6J0sc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU4P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A0XWM8w==</latexit>

iNote: this convex relaxation works cause 
linear programs are always optimized at the vertices do you see why? 


