
Dan Calderone - Win22

Classification
ML - Supervised Learning



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="Wbf6Oiuv7V9LwGIlOVyzzQsNlmk="></latexit>

s.t. �t(✓
T
1:nxt � ✓0) � 1

Hard boundary

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

“Binary 
classifier”

Support Vector 
Machine (SVM)



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="WdMn9kDJst4h/Rbx2LmQqhaBvh4="></latexit>

min
✓

�
����✓1:n

����2
2
+ 1

T

X

t

max{0, 1� �t
�
✓T1:nxt � ✓0

�
} Soft boundary

<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

<latexit sha1_base64="ov5fzdOx6pDuarIvMuRkvOWcNXE="></latexit>

1
T

X

t

log

✓
e��t

�
✓T
1:nxt�✓0

�
+1

◆

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Z

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Z

“Binary 
classifier”

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 



<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

Collection of 
Binary Classifiers

“One to the others”
# of classifiers:   m



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers
“One to the others”
# of classifiers:   m



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers
“One to the others”
# of classifiers:   m



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers

# of classifiers:  m(m+1)/2

Pairwise - 
“One to another”



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers

# of classifiers:  m(m+1)/2

Pairwise - 
“One to another”



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers

# of classifiers:  m(m+1)/2

Pairwise - 
“One to another”



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers

# of classifiers:  m(m+1)/2

Pairwise - 
“One to another”



<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Classification

COST:

<latexit sha1_base64="fxHI0QpHkS+ULs7XifZsrdF+ehA=">AAACFnicbVBNaxRBEO2J0cRNNKMevTQugc0hy0wI6kUI5uIxgWwS2JkMNb21s026e4bumrDLsL/Ci3/Fi4eIeJXc/Df2fhzMJg8KXr9XRVe9vFLSURT9DdaerD99trH5vLW1/eLlTvjq9bkrayuwJ0pV2sscHCppsEeSFF5WFkHnCi/y6+OZf3GD1snSnNGkwlRDYeRQCiAvZeF+UoDWkBH/xBPCMTWuMNNOQiMkuDobe2OfL15ZtJeF7agbzcEfknhJ2myJkyy8SwalqDUaEgqc68dRRWkDlqRQOG0ltcMKxDUU2PfUgEaXNvOzpnzXKwM+LK0vQ3yu/j/RgHZuonPfqYFGbtWbiY95/ZqGH9NGmqomNGLx0bBWnEo+y4gPpEVBauIJCCv9rlyMwIIgn2TLhxCvnvyQnB904/fd+PSwffR5Gccme8vesQ6L2Qd2xL6wE9Zjgn1l39kt+xl8C34Ev4Lfi9a1YDnzht1D8OcfHCKesQ==</latexit>

�t = sgn(✓Txt � ✓0)

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�0

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

1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

Support Vector 
Machine (SVM)

Soft boundary<latexit sha1_base64="8rK2kKHGlWq/C1X8kq/f/yQ+2qc=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCUJIiKq6KblxWsA9oYphMp+3QySTM3Agl9jfc+CtuXCjiUlf+jdM0C229MJfDOedy554gFlyDbX9bC4tLyyurhbXi+sbm1nZpZ7epo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxheTfTWPVOaR/IWRjHzQtKXvMcpAUP5JfvYFcbdJdgNeP8ha9iFAQPip86FHOOcmnS/elf1S2W7YmeF54GTgzLKq+6XPt1uRJOQSaCCaN1x7Bi8lCjgVLBx0U00iwkdkj7rGChJyLSXZpeN8aFhurgXKfMk4Iz9PZGSUOtRGBhnSGCgZ7UJ+Z/WSaB37qVcxgkwSaeLeonAEOFJTLjLFaMgRgYQqrj5K6YDoggFE2bRhODMnjwPmtWKc1pxbk7Ktcs8jgLaRwfoCDnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MbUuWPnMHvpT1tcPW2ef5A==</latexit>

+�
����✓1:n

����2
2

Logistic 
Regression 
(smoothed)

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="yVB8K1sjQ1MLufwEOr62t6YwITY="></latexit>

h00(x0) · · · h0n(x0)
h10(x1) · · · h1n(x1)
h20(x2) · · · h2n(x2)
h30(x3) · · · h3n(x3)
h40(x4) · · · h4n(x4)

...
...

hT0(xT ) · · · hTn(xT )

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="O/44n9PgP+wm4H9kPG8rxGphTRE="></latexit>

1
T

X

t

max
�
0, 1� �t

�
✓T1:nht(xt)� ✓0

� 
<latexit sha1_base64="dSqB7RQbNXPwfbHzu658XEUYEa4=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykwRLa6KblxWsA/ojEMmTdvQTGZI7ghl7K+48VfcuFCkO/FnTB9CbT0hl8M595LcEyaCa3CcL2tldW19YzO3ld/e2d3btw8O6zpOFWU1GotYNUOimeCS1YCDYM1EMRKFgjXC/s3YbzwypXks72GQMD8iXck7nBIwUmCXvYjLwIMeA4K98Ql59+m3TuQgc6/kcN4ISg+lwC44RWcCvEzcGSmgGaqBPfLaMU0jJoEKonXLdRLwM6KAU8GGeS/VLCG0T7qsZagkEdN+NtlwiE+N0sadWJkrAU/U+YmMRFoPotB0RgR6etEbi/95rRQ6ZT/jMkmBSTp9qJMKDDEex4XbXDEKYmAIoYqbv2LaI4pQMKHmTQju4srLpF4quhdF9+68ULmexZFDx+gEnSEXXaIKukVVVEMUPaNX9I4+rBfrzfq0RtPWFWs2c4T+wPr+ARKbotU=</latexit>

min
✓

����✓1:n
����2
2Collection of 

Binary Classifiers

# of classifiers:  m(m+1)/2

Pairwise - 
“One to another”



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Discriminant 
Analysis

<latexit sha1_base64="3s5JrgW098Bgx04RPQaUNNb3kvU=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9NI97tllp+pMgRaJm5My5Kj37K9uPyJJSIUmHCvVcZ1YexmWmhFOx6VuomiMyQgPaMdQgUOqvGx67xgdGaWPgkiaEhpN1d8TGQ6VSkPfdIZYD9W8NxH/8zqJDi68jIk40VSQ2aIg4UhHaPI86jNJieapIZhIZm5FZIglJtpEVDIhuPMvL5LmSdU9q7q3p+XaVR5HEQ7gECrgwjnU4Abq0AACHJ7hFd6se+vFerc+Zq0FK5/Zhz+wPn8AAnCPTA==</latexit>

P (x|y = 1)

<latexit sha1_base64="+t3s8E4R4LRmp2JR3XWQ/n4sa98=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkpSinoRil48VrAf0Iay2W7apZtN3N2IIfZPePGgiFf/jjf/jds2B219MPB4b4aZeV7EmdK2/W3lVlbX1jfym4Wt7Z3dveL+QUuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vh66rcfqFQsFHc6iagb4KFgPiNYG6nTKD8+JZfV036xZFfsGdAycTJSggyNfvGrNwhJHFChCcdKdR070m6KpWaE00mhFysaYTLGQ9o1VOCAKjed3TtBJ0YZID+UpoRGM/X3RIoDpZLAM50B1iO16E3F/7xurP0LN2UiijUVZL7IjznSIZo+jwZMUqJ5YggmkplbERlhiYk2ERVMCM7iy8ukVa04ZxXntlaqX2Vx5OEIjqEMDpxDHW6gAU0gwOEZXuHNurderHfrY96as7KZQ/gD6/MHA/WPTQ==</latexit>

P (x|y = 2)

<latexit sha1_base64="HKfLcoDhRchhMzKe4/jejChfbd4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkpiRb0IRS8eK9gPaEPZbDft0s0m7m7EEPsnvHhQxKt/x5v/xm2bg7Y+GHi8N8PMPC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6nCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3Q98VsPVCoWijudRNQN8EAwnxGsjdSulx+fksvqca9Ysiv2FGiROBkpQYZ6r/jV7YckDqjQhGOlOo4daTfFUjPC6bjQjRWNMBnhAe0YKnBAlZtO7x2jI6P0kR9KU0Kjqfp7IsWBUkngmc4A66Ga9ybif14n1v6FmzIRxZoKMlvkxxzpEE2eR30mKdE8MQQTycytiAyxxESbiAomBGf+5UXSPKk4ZxXn9rRUu8riyMMBHEIZHDiHGtxAHRpAgMMzvMKbdW+9WO/Wx6w1Z2Uz+/AH1ucPBXqPTg==</latexit>

P (x|y = 3)
<latexit sha1_base64="S99z9cuDTf0nPBzxY8wCFx4R9A8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoiRb0IRS8eK9gPaEPZbDft0s0m3d2IIfZPePGgiFf/jjf/jds2B219MPB4b4aZeV7EmdK2/W3lVlbX1jfym4Wt7Z3dveL+QVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uhm6rceqFQsFPc6iagb4IFgPiNYG6ldLz8+JVfV016xZFfsGdAycTJSggz1XvGr2w9JHFChCcdKdRw70m6KpWaE00mhGysaYTLCA9oxVOCAKjed3TtBJ0bpIz+UpoRGM/X3RIoDpZLAM50B1kO16E3F/7xOrP1LN2UiijUVZL7IjznSIZo+j/pMUqJ5YggmkplbERliiYk2ERVMCM7iy8ukeVZxzivOXbVUu87iyMMRHEMZHLiAGtxCHRpAgMMzvMKbNbZerHfrY96as7KZQ/gD6/MHBv+PTw==</latexit>

P (x|y = 4)
<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

<latexit sha1_base64="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

CONDITIONAL 
PROBABILITY

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

Class score

Predicted class <latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

Discriminant 
Analysis

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

CONDITIONAL 
PROBABILITY

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

Class score

Predicted class <latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

<latexit sha1_base64="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0
Discrimination 

Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’
<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
Quadratic 

Discriminant 
Analysis

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

ellipses or hyperbolas (or parabolas)



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)
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�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Quadratic 
Discriminant 

Analysis

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Quadratic 
Discriminant 

Analysis



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Quadratic 
Discriminant 

Analysis

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Quadratic 
Discriminant 

Analysis

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Quadratic 
Discriminant 

Analysis

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Quadratic 
Discriminant 

Analysis <latexit sha1_base64="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

ellipses or hyperbolas (or parabolas)

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

<latexit sha1_base64="JFP44mofCP6S/zBymrgj0ON3htI=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksogspiYi6LLpxWdFeoA1hMp20QyaTMDMRSij4Km5cKOLW53Dn2zhts9DqDwMf/zmHc+YPUs6Udpwvq7SwuLS8Ul6trK1vbG7Z2zstlWSS0CZJeCI7AVaUM0GbmmlOO6mkOA44bQfR9aTefqBSsUTc61FKvRgPBAsZwdpYvr3Xu2ODGPvRCSooj47Gvl11as5U6C+4BVShUMO3P3v9hGQxFZpwrFTXdVLt5VhqRjgdV3qZoikmER7QrkGBY6q8fHr+GB0ap4/CRJonNJq6PydyHCs1igPTGWM9VPO1iflfrZvp8NLLmUgzTQWZLQozjnSCJlmgPpOUaD4ygIlk5lZEhlhiok1iFROCO//lv9A6rbnnNff2rFq/KuIowz4cwDG4cAF1uIEGNIFADk/wAq/Wo/VsvVnvs9aSVczswi9ZH99d7JUc</latexit>

⌃k,⌃k0  diagonal

Gaussian 
Naive Bayes 

Classifier

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775



INPUTS OUTPUTS
(Independent Variables)(Dependent Variables)

CONDITIONAL 
PROBABILITY

Discriminant 
Analysis

<latexit sha1_base64="j6/X7OJ7j+v8YMMPX9321UH3JFM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCIJRERN0IRTcuK/QFbQyT6aQdOnkwc1MMoW78FTcuFHHrX7jzb5y2WWjrgQtnzrmXufd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gZuw3h0wqHoU1SGPmBKQXcp9TAlpyzf3UBXyFO9BnQO5r+EE/T/DQBdcsWWVrAjxP7JyUUI6qa351uhFNAhYCFUSptm3F4GREAqeCjYqdRLGY0AHpsbamIQmYcrLJBSN8pJUu9iOpKwQ8UX9PZCRQKg083RkQ6KtZbyz+57UT8C+djIdxAiyk04/8RGCI8DgO3OWSURCpJoRKrnfFtE8koaBDK+oQ7NmT50njtGyfl+27s1LlOo+jgA7QITpGNrpAFXSLqqiOKHpEz+gVvRlPxovxbnxMWxeMfGYP/YHx+QOOa5Wt</latexit>

yt = ✓Txt + vt

BAYES RULE

<latexit sha1_base64="GgNqRWwh5lSJqJNI2Zt9MDXPLW8=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOA+YCsjzdItLE1LkoqlG178K148KOLVX+HNf2O69aCbDyR58jzvS/I+XsSoVJb1bRSWlldW14rrpY3Nre0dc3evKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdJ35rXsiJA35nUoi4gZowKlPMVJa6pkHTiUZP1ShU9HbZXaMk+yWVHtm2apZU8BFYuekDHI4PfOr2w9xHBCuMENSdmwrUm6KhKKYkUmpG0sSITxCA9LRlKOASDedjjCBx1rpQz8UenEFp+rvjhQFUiaBpysDpIZy3svE/7xOrPwLN6U8ihXhePaQHzOoQpjlAftUEKxYognCguq/QjxEAmGlUyvpEOz5kRdJ86Rmn9Xs29Ny/SqPowgOwRGoABucgzq4AQ5oAAwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8AKKSUtw==</latexit>

P (y|x)P (x) = P (x|y)P (y)

<latexit sha1_base64="Rr5k+48+uo5Mvsnv91stOp18cU8=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqRmqRKEgAWpgoUxSPQhtVHluE5r1XnIdlCjNDMLv8LCAEKsfAEbf4PTZoCWI13p+Jx75XuPGzEqpGl+a0vLK6tr66WN8ubW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJP7rQfCBQ2De5lExPHRIKAexUgqqacf2dVkMjbgFex6HOHUro4niQGVamT5w8h6esWsmVPARWIVpAIK2D39q9sPceyTQGKGhOhYZiSdFHFJMSNZuRsLEiE8QgPSUTRAPhFOOj0lgydK6UMv5KoCCafq74kU+UIkvqs6fSSHYt7Lxf+8Tiy9SyelQRRLEuDZR17MoAxhngvsU06wZIkiCHOqdoV4iFQkUqVXViFY8ycvkuZpzTqvWXdnlfp1EUcJHIJjUAUWuAB1cAts0AAYPIJn8AretCftRXvXPmatS1oxcwD+QPv8AWKDmM8=</latexit>

P (y|x) = P (x|y)P (y)

P (x)
<latexit sha1_base64="BQZF/GDpr/p5hdY3fcc9zNAst2k=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmLX75YrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBRDe7OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGwqY++</latexit>�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="tNGIA4oW3SPZXNDS+3YCpgzPpoM="></latexit>

P (x|y = k) =
1

(2⇡)n/2
��⌃k

��1/2
e�

1
2

�
x�µk)

T⌃�1
k (x�µk

�

…height of density k
…prior probability of k

…normalize factor

<latexit sha1_base64="ZrfDbpKcPMw1sxBGjXO9UPpj2Tw=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7Xrlcen9HJ03LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWpKPhg==</latexit>

P (x|y = k)
<latexit sha1_base64="N7o48ecvAP/A6p46zh/z1yWTe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiHoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq1GNb0en/bLFbfmzoCWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgZVoYRTielXqJpjMkYD2nXUoEjqv1sdu0EnVhlgEKpbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxIRXfsZEnBgqyHxRmHBkJJq+jgZMUWJ4agkmitlbERlhhYmxAZVsCN7iy8ukdVbzLmre/XmlfpPHUYQjOIYqeHAJdbiDBjSBwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmY6Ofg==</latexit>

P (y = k)
<latexit sha1_base64="X4f9/kzG1aF8uz5pIYcYXK9yKHM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUrP6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHTL2NwQ==</latexit>

P (x)

…probability of class k given x

Class score
<latexit sha1_base64="weVsXO9s/rWZ+6rjjkNs+XSLFQs="></latexit>

logP (y = k|x) = � 1
2 log

��⌃k

��� 1
2 (x� µk)

T⌃�1
k (x� µk) + logP (y = k) + const

<latexit sha1_base64="z0yvzMiGFAXsphbiL92A4mg49D4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkIuqmUHTjsoJ9QBPKZDpth04ezNxIQ8zGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HiwRXYFnfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFse0QxwQPWAA6CtSPJiO8J1vJGNxO/9cCk4mFwD0nEXJ8MAt7nlICWuuahA2wMqQgHGXZwvZxUR4/jU1ztmiWrYk2BF4mdkxLKUe+aX04vpLHPAqCCKNWxrQjclEjgVLCs6MSKRYSOyIB1NA2Iz5SbTh/I8IlWergfSl0B4Kn6eyIlvlKJ7+lOn8BQzXsT8T+vE0P/yk15EMXAAjpb1I8FhhBP0sA9LhkFkWhCqOT6VkyHRBIKOrOiDsGef3mRNM8q9kXFvjsv1a7zOAroCB2jMrLRJaqhW1RHDURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHaaWVoQ==</latexit>

log P (y = k|x) =

Predicted class <latexit sha1_base64="seO5BIN28uc7LOUsQS1l6Jbkc+Q=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiBEkDAjol6EoBePEcwCmWHo6ekkTXoWu2skQ5yf8OKvePGgiFfBm39jZzlo4oOCx3tVVNXzYsEVmOa3kVtYXFpeya8W1tY3NreK2zsNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb3+1chv3jOpeBTeQhozJyDdkHc4JaAlt3hkAxvAkMhuZgdk4PaxfZcQH09kEXUzbONaOb3oPwwO3WLJrJhj4HliTUkJTVFzi1+2H9EkYCFQQZRqW2YMjt4GnAqWFexEsZjQPumytqYhCZhyhuOvMnygFR93IqkrBDxWf08MSaBUGni6MyDQU7PeSPzPayfQOXeGPIwTYCGdLOokAkOERxFhn0tGQaSaECq5vhXTHpGEgg6yoEOwZl+eJ43jinVasW5OStXLaRx5tIf2URlZ6AxV0TWqoTqi6BE9o1f0ZjwZL8a78TFpzRnTmV30B8bnD7BKnxw=</latexit>

argmax
k

log P (y = k|x)

Discrimination 
Surfaces

<latexit sha1_base64="UonMIOP3Fp5VSyb4D+0Vfs786po=">AAACF3icbVDLSgNBEJyNrxhfqx69DAYxXpZdEfUSCHrxGME8IAlhdjKbDJndWWZ6JWHNX3jxV7x4UMSr3vwbJ4+DJhY0FFXddHf5seAaXPfbyiwtr6yuZddzG5tb2zv27l5Vy0RRVqFSSFX3iWaCR6wCHASrx4qR0Bes5vevx37tninNZXQHw5i1QtKNeMApASO1bacJbACpkN0RbuJyYVjsPwxOcBEv6sfGaNt513EnwIvEm5E8mqHctr+aHUmTkEVABdG64bkxtFKigFPBRrlmollMaJ90WcPQiIRMt9LJXyN8ZJQODqQyFQGeqL8nUhJqPQx90xkS6Ol5byz+5zUSCC5bKY/iBFhEp4uCRGCQeBwS7nDFKIihIYQqbm7FtEcUoWCizJkQvPmXF0n11PHOHe/2LF+6msWRRQfoEBWQhy5QCd2gMqogih7RM3pFb9aT9WK9Wx/T1ow1m9lHf2B9/gDl8p57</latexit>

log P (y = k|x) = log P (y = k0|x) k vs. k’

<latexit sha1_base64="gCtGM+8BXKPcpe4gNqHaqxIKhg8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkoiol6EohePFewHtKFstpt26WYTdzdiiP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4k6nMfVCPBAsYARrI7XrlfRy9PR43LPLTtWZAi0SNydlyFHv2V/dfkSSkApNOFaq4zqx9jIsNSOcjkvdRNEYkxEe0I6hAodUedn03jE6MkofBZE0JTSaqr8nMhwqlYa+6QyxHqp5byL+53USHVx4GRNxoqkgs0VBwpGO0OR51GeSEs1TQzCRzNyKyBBLTLSJqGRCcOdfXiTNk6p7VnVvT8u1qzyOIhzAIVTAhXOowQ3UoQEEODzDK7xZ99aL9W59zFoLVj6zD39gff4AWfyPhg==</latexit>

P (y = k|x)

<latexit sha1_base64="pOhXYnLGZqC8vC5jHDDMiDhfQsQ="></latexit>

1
2x

T
�
⌃�1

k � ⌃�1
k0

�
x�

�
µT
k⌃

�1
k � µT

k0⌃�1
k0

�
x+ Ckk0

<latexit sha1_base64="uHenHWELD+nFa3zjbLakj/11AxU="></latexit>

Ckk0 = µT
k⌃

�1
k µk � µT

k0⌃�1
k0 µk0 + 1

2 log
��⌃k

��� 1
2 log

��⌃k0
��+ log P (y = k0)� log P (y = k)with:

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="GFJ3uiVDPbmMcuHnISAr0Q4QIWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5N+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0j6Osg==</latexit>x1

<latexit sha1_base64="te2m9Du7CQ9daGk5fDOn8LqvgAg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKphbaUDbbSbt0swm7G7GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPj6g0T+S9GacYxHQgecQZNVbyn3q5O+lVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXSOqt7F3Xv7rzWuC7iKMMRHMMpeHAJDbiFJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB0LmOsQ==</latexit>x0

hyperplanes

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="qigqLuwtmLBBvS2ItOMeoeUvSXA=">AAAB/3icbZDLSsNAFIZP6q3WW1Rw42awiK5KIqJuhKIblxXtBdoQJtNJO3QyCTMTocQufBU3LhRx62u4822ctllo6w8DH/85h3PmDxLOlHacb6uwsLi0vFJcLa2tb2xu2ds7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg+txvflApWKxuNfDhHoR7gkWMoK1sXx7r3PHehH2B+gS5ZgNjka+XXYqzkRoHtwcypCr5ttfnW5M0ogKTThWqu06ifYyLDUjnI5KnVTRBJMB7tG2QYEjqrxscv8IHRqni8JYmic0mri/JzIcKTWMAtMZYd1Xs7Wx+V+tnerwwsuYSFJNBZkuClOOdIzGYaAuk5RoPjSAiWTmVkT6WGKiTWQlE4I7++V5aJxU3LOKe3tarl7lcRRhHw7gGFw4hyrcQA3qQOARnuEV3qwn68V6tz6mrQUrn9mFP7I+fwDS3pVX</latexit>

⌃k = ⌃k0

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

Mahalanobis Distance

Linear 
Discriminant 

Analysis

<latexit sha1_base64="Utoszvz1pfkDoVdAMYxP+KzsTcs="></latexit>y00 · · · y0m
y10 · · · y1m
y20 · · · y2m
y30 · · · y3m
y40 · · · y4m
...

...
yT0 · · · yTm

<latexit sha1_base64="urK8QiheyVUzd9FMkZ2cRM+bgpY="></latexit>�00 · · · �0m0

�10 · · · �1m0

�20 · · · �2m0

�30 · · · �3m0

�40 · · · �4m0

...
...

�T0 · · · �Tm0

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(
<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775

2

666666664

3

777777775

<latexit sha1_base64="6dhYD7caT1adgpPJolQVQJy2us8="></latexit>

⇠00 · · · ⇠0n0

⇠10 · · · ⇠1n0

⇠20 · · · ⇠2n0

⇠30 · · · ⇠3n0

⇠40 · · · ⇠4n0

...
...

⇠T0 · · · ⇠Tn0

<latexit sha1_base64="vXDe7QNhqf3CfqvBdZrLR22vYcc="></latexit>x00 · · · x0n

x10 · · · x1n

x20 · · · x2n

x30 · · · x3n

x40 · · · x4n
...

...
xT0 · · · xTn

<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f ( )<latexit sha1_base64="5d9Q+cod0Bxz1r0Qy3TIMubLP5I=">AAACKnichVDLSsNAFJ3UV62vqks3g0VwVRIRdVl147KCfUATymRy0w6dTMLMRCyh3+PGX3HThVLc+iFO2oLaCl6Y4XDuPdxzj59wprRtT6zCyura+kZxs7S1vbO7V94/aKo4lRQaNOaxbPtEAWcCGpppDu1EAol8Di1/cJv3W48gFYvFgx4m4EWkJ1jIKNGG6pavXR96TGR+RLRkT6OSi133vw9E8C3olit21Z4WXgbOHFTQvOrd8tgNYppGIDTlRKmOYyfay4jUjHIwDlIFCaED0oOOgYJEoLxseuoInxgmwGEszRMaT9mfioxESg0j30wag3212MvJv3qdVIdXXsZEkmoQdLYoTDnWMc5zwwGTQDUfGkCoZMYrpn0iCdUm3TwEZ/HkZdA8qzoXVef+vFK7mcdRREfoGJ0iB12iGrpDddRAFD2jV/SG3q0Xa2xNrI/ZaMGaaw7Rr7I+vwDPl6PT</latexit>2

666666664

3

777777775


