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• Pre-requisites: linear algebra, Bayes rule 
• MAP/ML estimation, prior and overfitting 
• Linear regression 
• Linear classification

Outline
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Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Recognition problem

https://www.cs.toronto.edu/~kriz/cifar.html
CIFAR-10: classify 32x32 RGB images into 10 categories

Why is it hard?
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Three-class recognition problem:

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>
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Three-class recognition problem:

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def classify(        ):

return p
<latexit sha1_base64="QVyNpwjzUWDDzqVfRouJd7afRcg="></latexit><latexit sha1_base64="QVyNpwjzUWDDzqVfRouJd7afRcg="></latexit><latexit sha1_base64="QVyNpwjzUWDDzqVfRouJd7afRcg="></latexit><latexit sha1_base64="QVyNpwjzUWDDzqVfRouJd7afRcg="></latexit>

???

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>
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Model probability distribution over classes by softmax function

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

p(y|x, W) =

2

4
exp(f(x,w1))
exp(f(x,w2))
exp(f(x,w3))

3

5 /
X

k

exp(f(x,wk) = s(f(x, W))

<latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit>
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Example: Linear classifier:

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def classify(        ):

return

x = vec( )
<latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit>

# Linear classifier

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

p = s(Wx)
<latexit sha1_base64="4zGwUaacKgL7vmKrt3LryYYkZuo="></latexit><latexit sha1_base64="4zGwUaacKgL7vmKrt3LryYYkZuo="></latexit><latexit sha1_base64="4zGwUaacKgL7vmKrt3LryYYkZuo="></latexit><latexit sha1_base64="4zGwUaacKgL7vmKrt3LryYYkZuo="></latexit>

s

0

@

2

4
�2
+1
0

3

5

1

A =

2

4
0.03
0.71
0.26

3

5

<latexit sha1_base64="IGfaKKQUW1S4IAzwRJD3j+L4NFk="></latexit><latexit sha1_base64="IGfaKKQUW1S4IAzwRJD3j+L4NFk="></latexit><latexit sha1_base64="IGfaKKQUW1S4IAzwRJD3j+L4NFk="></latexit><latexit sha1_base64="IGfaKKQUW1S4IAzwRJD3j+L4NFk="></latexit>

2

4
�2
+1
0

3

5

<latexit sha1_base64="t2+LNdFyHsV8ejOfsMhas98QMJo="></latexit><latexit sha1_base64="t2+LNdFyHsV8ejOfsMhas98QMJo="></latexit><latexit sha1_base64="t2+LNdFyHsV8ejOfsMhas98QMJo="></latexit><latexit sha1_base64="t2+LNdFyHsV8ejOfsMhas98QMJo="></latexit>

W
<latexit sha1_base64="RoEwu7xGPC1HLT9ls7zLUWXbCP0="></latexit><latexit sha1_base64="RoEwu7xGPC1HLT9ls7zLUWXbCP0="></latexit><latexit sha1_base64="RoEwu7xGPC1HLT9ls7zLUWXbCP0="></latexit><latexit sha1_base64="RoEwu7xGPC1HLT9ls7zLUWXbCP0="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>x
<latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit>

p
<latexit sha1_base64="eBZB2YJJtq0cuaH9zEouJxSrAG0="></latexit><latexit sha1_base64="eBZB2YJJtq0cuaH9zEouJxSrAG0="></latexit><latexit sha1_base64="eBZB2YJJtq0cuaH9zEouJxSrAG0="></latexit><latexit sha1_base64="eBZB2YJJtq0cuaH9zEouJxSrAG0="></latexit>
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1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

8

• Classification (probability modeled by soft-max function): 

 

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

p(y|x, W) =

2

4
exp(f(x,w1))
exp(f(x,w2))
exp(f(x,w3))

3

5 /
X

k

exp(f(x,wk) = s(f(x, W))

<latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>



1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>
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• Classification (probability modeled by soft-max function): 

 

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

p(y|x, W) =

2

4
exp(f(x,w1))
exp(f(x,w2))
exp(f(x,w3))

3

5 /
X

k

exp(f(x,wk) = s(f(x, W))

<latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>



1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>
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• Classification (probability modeled by soft-max function): 

 

• Probability of observing     when measuring      isxi
<latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit>

yi
<latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit>

p(yi|xi, W) = syi(f(xi, W))
<latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit>

p(y|x, W) =

2

4
exp(f(x,w1))
exp(f(x,w2))
exp(f(x,w3))

3

5 /
X

k

exp(f(x,wk) = s(f(x, W))

<latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>



1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>
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• Classification (probability modeled by soft-max function): 

 

• Probability of observing     when measuring      isxi
<latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit>

yi
<latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit>

p(yi|xi, W) = syi(f(xi, W))
<latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit>

p(y|x, W) =

2

4
exp(f(x,w1))
exp(f(x,w2))
exp(f(x,w3))

3

5 /
X

k

exp(f(x,wk) = s(f(x, W))

<latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

• Training: MLE estimate of W
W⇤ = argmin

W

X

i

� log syi(f(xi, W))
<latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit><latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit><latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit><latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit>



1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

12

• Classification (probability modeled by soft-max function): 

 

• Probability of observing     when measuring      isxi
<latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit>

yi
<latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit>

p(yi|xi, W) = syi(f(xi, W))
<latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit><latexit sha1_base64="QQftqauSx8z0tTiCnNiio4ag5wA="></latexit>

p(y|x, W) =

2

4
exp(f(x,w1))
exp(f(x,w2))
exp(f(x,w3))

3

5 /
X

k

exp(f(x,wk) = s(f(x, W))

<latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit><latexit sha1_base64="CGw8lpBFcTyPMVPoWRuUjRuQIg4="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

• Training: MLE estimate of W
W⇤ = argmin

W

X

i

� log syi(f(xi, W))
<latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit><latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit><latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit><latexit sha1_base64="cmH9/NCaeuu8hT9YQpUX0W0VzF8="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                                                     ):

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

W⇤ = argmin
W

X

i

� log syi(Wxi))
<latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit>

13

return W⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit>



def train(                                              
                                                                                     ):1

<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

s(Wxi) =

2

4
0.03
0.71
0.26

3

5

<latexit sha1_base64="CV2BzGnomoTl+MgCGm9lWl1KPV0="></latexit><latexit sha1_base64="CV2BzGnomoTl+MgCGm9lWl1KPV0="></latexit><latexit sha1_base64="CV2BzGnomoTl+MgCGm9lWl1KPV0="></latexit><latexit sha1_base64="CV2BzGnomoTl+MgCGm9lWl1KPV0="></latexit>

yi = 2
<latexit sha1_base64="p+ZnBOxifCrDyOt8vzCmj5p6ojQ="></latexit><latexit sha1_base64="p+ZnBOxifCrDyOt8vzCmj5p6ojQ="></latexit><latexit sha1_base64="p+ZnBOxifCrDyOt8vzCmj5p6ojQ="></latexit><latexit sha1_base64="p+ZnBOxifCrDyOt8vzCmj5p6ojQ="></latexit>

) � log syi(Wxi) = � log(0.71) = 0.15
<latexit sha1_base64="OR3/KqN55oDjTeIkhF5eBY386nw="></latexit><latexit sha1_base64="OR3/KqN55oDjTeIkhF5eBY386nw="></latexit><latexit sha1_base64="OR3/KqN55oDjTeIkhF5eBY386nw="></latexit><latexit sha1_base64="OR3/KqN55oDjTeIkhF5eBY386nw="></latexit>

14

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

W⇤ = argmin
W

X

i

� log syi(Wxi))
<latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit>

return W⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit>

Car classified as car yields small loss and gradient
label



s(Wxi) =

2

4
0.03
0.57
0.40

3

5

<latexit sha1_base64="Ed8rC6YlzhAYQY59hNZ6sk8v6T0="></latexit><latexit sha1_base64="Ed8rC6YlzhAYQY59hNZ6sk8v6T0="></latexit><latexit sha1_base64="Ed8rC6YlzhAYQY59hNZ6sk8v6T0="></latexit><latexit sha1_base64="Ed8rC6YlzhAYQY59hNZ6sk8v6T0="></latexit>

) � log syi(Wxi) = � log(0.03) = 1.52
<latexit sha1_base64="coIhoMQNVAFiXH4ZG/P6WAiY9g0="></latexit><latexit sha1_base64="coIhoMQNVAFiXH4ZG/P6WAiY9g0="></latexit><latexit sha1_base64="coIhoMQNVAFiXH4ZG/P6WAiY9g0="></latexit><latexit sha1_base64="coIhoMQNVAFiXH4ZG/P6WAiY9g0="></latexit>

def train(                                              
                                                                                     ):1

<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

yi = 1
<latexit sha1_base64="mNrmHmXu6eazLxQD++kAMSnWr84="></latexit><latexit sha1_base64="mNrmHmXu6eazLxQD++kAMSnWr84="></latexit><latexit sha1_base64="mNrmHmXu6eazLxQD++kAMSnWr84="></latexit><latexit sha1_base64="mNrmHmXu6eazLxQD++kAMSnWr84="></latexit>

15

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

W⇤ = argmin
W

X

i

� log syi(Wxi))
<latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit>

return W⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit>

Plane classified as car yields huge loss and gradient
label
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def train(                                              
                                                                                     ):1

<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

W⇤ = argmin
W

X

i

� log syi(Wxi))
<latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit><latexit sha1_base64="OrVlMC6Lzfm06e0sPAVfF9Yf2Gg="></latexit>

return W⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit>

<latexit sha1_base64="ldvCiJRRTtrjUwFwwsqorMcei1A=">AAACIHicbVDLSgMxFM3UV62vqks3wSJUKGVGinUjFNzoroJ9QKcMmTTThmYeJHfEMsynuPFX3LhQRHf6NWbaLrT1QOBw7j039x43ElyBaX4ZuZXVtfWN/GZha3tnd6+4f9BWYSwpa9FQhLLrEsUED1gLOAjWjSQjvitYxx1fZfXOPZOKh8EdTCLW98kw4B6nBLTkFOuX2Fax73BsMyHKtk9gBJB0KtgOtS8bm0xF10se0tThaQVPHH7qFEtm1ZwCLxNrTkpojqZT/LQHIY19FgAVRKmeZUbQT4gETgVLC3asWETomAxZT9OA+Ez1k+mBKT7RygB7odQvADxVfzsS4is18V3dme2qFmuZ+F+tF4N30U94EMXAAjr7yIsFhhBnaeEBl4yCmGhCqOR6V0xHRBIKOtOCDsFaPHmZtM+q1nm1dlsrNW7mceTRETpGZWShOmqga9RELUTRI3pGr+jNeDJejHfjY9aaM+aeQ/QHxvcPDMmjlQ==</latexit>

=
X

i

`(W,xi, yi)

L(w)
<latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit>
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def train(                                              
                                                                                     ):1

<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

return W⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit>

<latexit sha1_base64="bkFtk4py6qaNCYnDKByS6XXTLoM="></latexit>

W⇤ = argmin
W

L(W) … gradient optimization



18

def train(                                              
                                                                                     ):1

<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

return W⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit>

<latexit sha1_base64="bkFtk4py6qaNCYnDKByS6XXTLoM="></latexit>

W⇤ = argmin
W

L(W) … gradient optimization
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MNIST

CIFAR-10

Dataset Learned weights of linear classifier Error

8%

63%

https://benchmarks.ai



Recognition problem

https://www.cs.toronto.edu/~kriz/cifar.html
CIFAR-10: classify 32x32 RGB images into 10 categories

Why is it hard?

22



Recognition problem

• Viewpoint 
• Occlusion 
• Illumination 
• Pose 
• Type 
• Context

23

Why it is hard?

Huge within-class variability!
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dog

cat

bird

Huge (i) within-class variability

Why is it hard?
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Huge (i) within-class variability (ii) among class similarity!
Why is it hard?
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Huge (i) within-class variability (ii) among class similarity!
Why is it hard?



Recognition problem

https://www.cs.toronto.edu/~kriz/cifar.html
CIFAR-10: classify 32x32 RGB images into 10 categories

28



Labels (   )

Two-class recognition problem: classify airplane/automobile

def classify(        ):

return p
???

RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

Probability of image being from the class airplane
How to model it?

29



Labels (   )yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Classification

RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

30



Labels (   )yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

where 
 

 
is sigmoid function. 

�(f(x,w)) =
1

1 + exp(�f(x,w))
<latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit><latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit><latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit><latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit>

f(x,w)
<latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit>

Classification

RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Classification

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

f(x,w)
<latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Classification

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

f(x,w)
<latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Classification

34x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

f(x,w)
<latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Linear classifier model probability of       
being from class +1 as p = �

�
w>x

�
<latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit>

What is dimensionality of      and     ?x
<latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit><latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit><latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit><latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit> w

<latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit><latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit><latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit><latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit>

Classification
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Labels (   )yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

where 
 

 
is sigmoid function. 

�(f(x,w)) =
1

1 + exp(�f(x,w))
<latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit><latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit><latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit><latexit sha1_base64="b/xNlwHk5BMfak1lsbLtB8kPvc8="></latexit>

f(x,w)
<latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit><latexit sha1_base64="fgMFda2uDsn0ymveqm0oLs9LHj4="></latexit>

Classification

RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Classification
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

We model probability of image     being label +1 or -1 as

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

x
<latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit><latexit sha1_base64="HBbNoA9g6dautMmy+SqRmDWzHTg="></latexit>

Linear classifier models probability of image      
being from class +1 as p = �

�
w>x

�
<latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit>

What is dimensionality of      and     ?x
<latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit><latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit><latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit><latexit sha1_base64="8Au0F7xmaIioztCWPeh2y20IerY="></latexit> w

<latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit><latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit><latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit><latexit sha1_base64="KCqKyAsImrqAbNHuJ2tGivzZhUk="></latexit>

Classification
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def classify(        ):

return

x = vec( )
<latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

# Linear classifier

p = �
�
w>x

�
<latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit>

p
<latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>x
<latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit>

w>
<latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit> 2.5

<latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit>

Example: Linear classifier
Classification
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def classify(        ):

return

x = vec( )
<latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

# Linear classifier

p = �
�
w>x

�
<latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit>

p
<latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>x
<latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit>

w>
<latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit> 2.5

<latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit>

Example: Linear classifier
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42

score



def classify(        ):

return

x = vec( )
<latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit><latexit sha1_base64="tWFF5iHCXIzcFTvwLly1Dy+kHzo="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

# Linear classifier

p = �
�
w>x

�
<latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit><latexit sha1_base64="5d2rcToxwie6BkMO6+HPDjMjuz0="></latexit>

p
<latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>x
<latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit><latexit sha1_base64="EpXY8qm8AqiGj8SAb0RxWbvEC3Y="></latexit>

w>
<latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit><latexit sha1_base64="Q30HsZOnZ7SwWv/rZDVMkqf56z0="></latexit> 2.5

<latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit><latexit sha1_base64="0/qdvZBF0pv/uHOFI4fYIVpIXvY="></latexit>

�(2.5) = 0.92
<latexit sha1_base64="nUKj96oUKdV0JOA/hEXOUeCM3BU="></latexit><latexit sha1_base64="nUKj96oUKdV0JOA/hEXOUeCM3BU="></latexit><latexit sha1_base64="nUKj96oUKdV0JOA/hEXOUeCM3BU="></latexit><latexit sha1_base64="nUKj96oUKdV0JOA/hEXOUeCM3BU="></latexit>

Example: Linear classifier

=

Classification

is it a good classifier?
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score
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Show python code



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

w
<latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit>Training = search for unknown parameters     

   which fits a given data
Training data

Training
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

w
<latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit>Training = search for unknown parameters     

   which fits a given data

Training
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

w
<latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit>Training = search for unknown parameters     

   which fits a given data

Training
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Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

w
<latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit>Training = search for unknown parameters     

   which fits a given data

Training
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Probability of observing     when measuring      isxi
<latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit>

yi
<latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

w
<latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit>Training = search for unknown parameters     

   which fits a given data

Training
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Probability of observing     when measuring      isxi
<latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit>

yi
<latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit>



Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

w
<latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit><latexit sha1_base64="Nw0ftpv5FtFu52s5vSX/qJjL97k="></latexit>Training = search for unknown parameters     

   which fits a given data

Training

50

Probability of observing     when measuring      isxi
<latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit><latexit sha1_base64="EgNKbFUWQ21v6aKbnZVkCCsLtBU="></latexit>

yi
<latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit><latexit sha1_base64="r/07jSmuYSEpsY8Vs9XtbgRbd/4="></latexit>
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Two-class classification problem

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

<latexit sha1_base64="MSjn4/CtmaHsrD7WTf+87oB2pqg=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSElKUTdC0Y3uKtgHNKVMppN26GQSZiZqCfkPN/6KGxeKuBJc+DdO2gjaemDgcM65zL3HDRmVyrK+jIXFpeWV1dxafn1jc2vb3NltyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdXaR+65YISQN+o8Yh6fpowKlHMVJa6pmVM+hIOvCRc04HxbGD+4GCXtHxkRq6XnyfHMEffpeU0lCpZxassjUBnCd2RgogQ71nfjj9AEc+4QozJGXHtkLVjZFQFDOS5J1IkhDhERqQjqYc+UR248ltCTzUSh96gdCPKzhRf0/EyJdy7Ls6me4pZ71U/M/rRMo77caUh5EiHE8/8iIGVQDTomCfCoIVG2uCsKB6V4iHSCCsdJ15XYI9e/I8aVbK9nG5el0t1K6yOnJgHxyAIrDBCaiBS1AHDYDBA3gCL+DVeDSejTfjfRpdMLKZPfAHxuc36OGgww==</latexit>

= �
⇣
y · f(x,w)

⌘
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Two-class classification problem

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

=
ar
g
m
in w

 
X i

�
lo
g(
p(
y i
|x

i,
w
))

!
+
(�

lo
g
p(
w
))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

<latexit sha1_base64="MSjn4/CtmaHsrD7WTf+87oB2pqg=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSElKUTdC0Y3uKtgHNKVMppN26GQSZiZqCfkPN/6KGxeKuBJc+DdO2gjaemDgcM65zL3HDRmVyrK+jIXFpeWV1dxafn1jc2vb3NltyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdXaR+65YISQN+o8Yh6fpowKlHMVJa6pmVM+hIOvCRc04HxbGD+4GCXtHxkRq6XnyfHMEffpeU0lCpZxassjUBnCd2RgogQ71nfjj9AEc+4QozJGXHtkLVjZFQFDOS5J1IkhDhERqQjqYc+UR248ltCTzUSh96gdCPKzhRf0/EyJdy7Ls6me4pZ71U/M/rRMo77caUh5EiHE8/8iIGVQDTomCfCoIVG2uCsKB6V4iHSCCsdJ15XYI9e/I8aVbK9nG5el0t1K6yOnJgHxyAIrDBCaiBS1AHDYDBA3gCL+DVeDSejTfjfRpdMLKZPfAHxuc36OGgww==</latexit>

= �
⇣
y · f(x,w)

⌘

MLE:



p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

= � log
⇥
�
�
yi f(xi,w)

�⇤
<latexit sha1_base64="5dy2tECNg1RN46nqm9g3PtBg+gs="></latexit>

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

Equivalence of common binary classification losses

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

<latexit sha1_base64="MSjn4/CtmaHsrD7WTf+87oB2pqg=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSElKUTdC0Y3uKtgHNKVMppN26GQSZiZqCfkPN/6KGxeKuBJc+DdO2gjaemDgcM65zL3HDRmVyrK+jIXFpeWV1dxafn1jc2vb3NltyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdXaR+65YISQN+o8Yh6fpowKlHMVJa6pmVM+hIOvCRc04HxbGD+4GCXtHxkRq6XnyfHMEffpeU0lCpZxassjUBnCd2RgogQ71nfjj9AEc+4QozJGXHtkLVjZFQFDOS5J1IkhDhERqQjqYc+UR248ltCTzUSh96gdCPKzhRf0/EyJdy7Ls6me4pZ71U/M/rRMo77caUh5EiHE8/8iIGVQDTomCfCoIVG2uCsKB6V4iHSCCsdJ15XYI9e/I8aVbK9nG5el0t1K6yOnJgHxyAIrDBCaiBS1AHDYDBA3gCL+DVeDSejTfjfRpdMLKZPfAHxuc36OGgww==</latexit>

= �
⇣
y · f(x,w)

⌘

MLE:



p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

= � log
⇥
�
�
yi f(xi,w)

�⇤
<latexit sha1_base64="5dy2tECNg1RN46nqm9g3PtBg+gs="></latexit>

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

Logistic loss
,

<latexit sha1_base64="dqBGHartV5hLmH1ZdTp283BIw2A="></latexit>

Equivalence of common binary classification losses

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

<latexit sha1_base64="MSjn4/CtmaHsrD7WTf+87oB2pqg=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSElKUTdC0Y3uKtgHNKVMppN26GQSZiZqCfkPN/6KGxeKuBJc+DdO2gjaemDgcM65zL3HDRmVyrK+jIXFpeWV1dxafn1jc2vb3NltyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdXaR+65YISQN+o8Yh6fpowKlHMVJa6pmVM+hIOvCRc04HxbGD+4GCXtHxkRq6XnyfHMEffpeU0lCpZxassjUBnCd2RgogQ71nfjj9AEc+4QozJGXHtkLVjZFQFDOS5J1IkhDhERqQjqYc+UR248ltCTzUSh96gdCPKzhRf0/EyJdy7Ls6me4pZ71U/M/rRMo77caUh5EiHE8/8iIGVQDTomCfCoIVG2uCsKB6V4iHSCCsdJ15XYI9e/I8aVbK9nG5el0t1K6yOnJgHxyAIrDBCaiBS1AHDYDBA3gCL+DVeDSejTfjfRpdMLKZPfAHxuc36OGgww==</latexit>

= �
⇣
y · f(x,w)

⌘

MLE:
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Equivalence of common binary classification losses

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

Logistic loss
,

<latexit sha1_base64="dqBGHartV5hLmH1ZdTp283BIw2A="></latexit>

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>
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p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

= � log
⇥
�
�
yi f(xi,w)

�⇤
<latexit sha1_base64="5dy2tECNg1RN46nqm9g3PtBg+gs="></latexit>

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

Equivalence of common binary classification losses

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

Logistic loss
,

<latexit sha1_base64="dqBGHartV5hLmH1ZdTp283BIw2A="></latexit>

<latexit sha1_base64="MSjn4/CtmaHsrD7WTf+87oB2pqg=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSElKUTdC0Y3uKtgHNKVMppN26GQSZiZqCfkPN/6KGxeKuBJc+DdO2gjaemDgcM65zL3HDRmVyrK+jIXFpeWV1dxafn1jc2vb3NltyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdXaR+65YISQN+o8Yh6fpowKlHMVJa6pmVM+hIOvCRc04HxbGD+4GCXtHxkRq6XnyfHMEffpeU0lCpZxassjUBnCd2RgogQ71nfjj9AEc+4QozJGXHtkLVjZFQFDOS5J1IkhDhERqQjqYc+UR248ltCTzUSh96gdCPKzhRf0/EyJdy7Ls6me4pZ71U/M/rRMo77caUh5EiHE8/8iIGVQDTomCfCoIVG2uCsKB6V4iHSCCsdJ15XYI9e/I8aVbK9nG5el0t1K6yOnJgHxyAIrDBCaiBS1AHDYDBA3gCL+DVeDSejTfjfRpdMLKZPfAHxuc36OGgww==</latexit>

= �
⇣
y · f(x,w)

⌘
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p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

= � log
⇥
�
�
yi f(xi,w)

�⇤
<latexit sha1_base64="5dy2tECNg1RN46nqm9g3PtBg+gs="></latexit>

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

Equivalence of common binary classification losses

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

Logistic loss
,

<latexit sha1_base64="dqBGHartV5hLmH1ZdTp283BIw2A="></latexit>

<latexit sha1_base64="MSjn4/CtmaHsrD7WTf+87oB2pqg=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSElKUTdC0Y3uKtgHNKVMppN26GQSZiZqCfkPN/6KGxeKuBJc+DdO2gjaemDgcM65zL3HDRmVyrK+jIXFpeWV1dxafn1jc2vb3NltyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdXaR+65YISQN+o8Yh6fpowKlHMVJa6pmVM+hIOvCRc04HxbGD+4GCXtHxkRq6XnyfHMEffpeU0lCpZxassjUBnCd2RgogQ71nfjj9AEc+4QozJGXHtkLVjZFQFDOS5J1IkhDhERqQjqYc+UR248ltCTzUSh96gdCPKzhRf0/EyJdy7Ls6me4pZ71U/M/rRMo77caUh5EiHE8/8iIGVQDTomCfCoIVG2uCsKB6V4iHSCCsdJ15XYI9e/I8aVbK9nG5el0t1K6yOnJgHxyAIrDBCaiBS1AHDYDBA3gCL+DVeDSejTfjfRpdMLKZPfAHxuc36OGgww==</latexit>

= �
⇣
y · f(x,w)

⌘
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p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

= � log
⇥
�
�
yi f(xi,w)

�⇤
<latexit sha1_base64="5dy2tECNg1RN46nqm9g3PtBg+gs="></latexit>

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

Cross-entropy loss

ȳi =
yi + 1

2
2 {0, 1}

<latexit sha1_base64="NGQXswnveSECG8suSB/ksFuw4jw="></latexit>

,
<latexit sha1_base64="dqBGHartV5hLmH1ZdTp283BIw2A="></latexit>

�
⇥
ȳi · log

�
�( f(xi,w))

�
+ (1� ȳi) · log

�
1� �( f(xi,w))

� ⇤
<latexit sha1_base64="qEZpgU2UmHSHeBo0ShHH40FT4KQ="></latexit>

Equivalence of common binary classification losses

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

Logistic loss
,

<latexit sha1_base64="dqBGHartV5hLmH1ZdTp283BIw2A="></latexit>



Example: Training linear classifier

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                            ):

return

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

w⇤
<latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>

Training

8i
<latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit>

59



Example: Training linear classifier

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                            ):

return

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

w⇤
<latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit>

Training

8i
<latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit>

60



Example: Training linear classifier

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                            ):

return

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

w⇤
<latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit>

Training

8i
<latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit>

score
-2.5 yi = �1

<latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit>

label



log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

Example: Training linear classifier

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                            ):

return

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

w⇤
<latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit>

Training

8i
<latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit>

(-1)x(-2.5) = 2.5

yi = �1
<latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit>

labelscore
-2.5



Example: Training linear classifier

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                            ):

return

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

w⇤
<latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit>

0.03
<latexit sha1_base64="dNCurDI1byEUWlOLg4Rlk370Iwg="></latexit><latexit sha1_base64="dNCurDI1byEUWlOLg4Rlk370Iwg="></latexit><latexit sha1_base64="dNCurDI1byEUWlOLg4Rlk370Iwg="></latexit><latexit sha1_base64="dNCurDI1byEUWlOLg4Rlk370Iwg="></latexit>

Training

8i
<latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit>

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

(-1)x(-2.5) = 2.5

yi = �1
<latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit>

labelscore
-2.5



Example: Training linear classifier

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

Labels (   ) RGB images (   )xi
<latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit><latexit sha1_base64="XJfSOqx5dZuvH0dMH7K9luASS2U="></latexit>

yi
<latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit><latexit sha1_base64="uFTBdWkWX0Jp4g4l/klqgoejTs4="></latexit>

def train(                                              
                                                            ):

return

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

+1
<latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit><latexit sha1_base64="IP9PxWOUDf9/HsQuznvFuGQc880="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

�1
<latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit><latexit sha1_base64="BCX2UvHQ6zSR04u1wvKuofou/hM="></latexit>

xi = vec( )
<latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit><latexit sha1_base64="F053c8wHT2+ufD9lKCF2/vxGGE8="></latexit>

w⇤
<latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit><latexit sha1_base64="UuFkLyAIBtTvxK3vluAt3cuVW2g="></latexit>

=<latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit><latexit sha1_base64="xDpfOKEUsel9LajRAtP7MZzfwlQ="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit><latexit sha1_base64="WyAXe8BRNRwDr77xFYAn+aOB4RM="></latexit>

Training

8i
<latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit><latexit sha1_base64="hEASiBIRecuNa0wqLXmAzVinoAw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ302I0TQ6XsiV654lf9OcgqCXJSgRz1Xvmr209YprhGJqm1ncBPMZxQg4JJPi11M8tTykZ0wDuOaqq4DSfzg6fkzCl94na70kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cDx+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/AH3ucP6xqQeA==</latexit>

log [1 + exp(�yi f(xi,w))]
<latexit sha1_base64="qOvpwqWpnbhYWcsSF3w8Er+/2k8="></latexit>

(-1)x(2.5) = -2.5

yi = �1
<latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit>

labelscore
2.5

1.12
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w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit>



• There is no closed-form solution 
• Gradient optimization

L(w)
<latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit>

where
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w = w � ↵


@L(w)

@w

�>

<latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit>

?

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit>

@L(w)

@w
=

X

i

�yix
>
i

1 + exp(yiw>xi)
<latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit>



• There is no closed-form solution 
• Gradient optimization

L(w)
<latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit>

where
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w = w � ↵


@L(w)

@w

�>

<latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit>

@L(w)

@w
=

X

i

�yix
>
i

1 + exp(yiw>xi)
<latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit>



• There is no closed-form solution 
• Gradient optimization

L(w)
<latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit><latexit sha1_base64="PSJNTsGg/dd/43XqBKRVzcEiicg="></latexit>

Learned weights 
as a template:
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wherew = w � ↵


@L(w)

@w

�>

<latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit><latexit sha1_base64="l5Vz6rxgtl7Yo2hQ+kIB+Sp0ua8="></latexit>

w⇤ = argmin
w

X

i

log
⇥
1 + exp(�yi w

>xi)
⇤

<latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit><latexit sha1_base64="C0fzcKjHPJypqE0WgGObTQHIFB4="></latexit>

@L(w)

@w
=

X

i

�yix
>
i

1 + exp(yiw>xi)
<latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit><latexit sha1_base64="L3dIqzfPoXQX27Ig1nhWQglNmK8="></latexit>
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Show python code



= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Choice of              is crucial

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>
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= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Linear             cannot generate wild decision boundary

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>
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x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

+1
<latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit><latexit sha1_base64="XuSsif6ZsXQnrgcx4HQPidTKCLs="></latexit>

�1
<latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit><latexit sha1_base64="khZhsoLdNSAwdNkb7Zsc6BXBABE="></latexit>

1D example:



= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Linear             cannot generate wild decision boundary

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>
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x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

1D example:



= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Linear             cannot generate wild decision boundary

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>
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x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

1D example:



= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Linear             cannot generate wild decision boundary

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

XOR circle
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2D example:



= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Wild              with high-dimensional  
suffers from the curse of dimensionality and overfitting 

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

1D case

w
<latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit>
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= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Wild              with high-dimensional  
suffers from the curse of dimensionality and overfitting 

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

1D case 2D case

w
<latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit>
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= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Wild              with high-dimensional  
suffers from the curse of dimensionality and overfitting 

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

1D case 2D case CIFAR case

???

w
<latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit>
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= argmin
w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))

<latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit><latexit sha1_base64="liWLZKSPd+5E9fyXBe859j2PBoI="></latexit>

loss function prior/regulariser

• Classification: 

• Wild              with high-dimensional  
suffers from the curse of dimensionality and overfitting 

• We exploit prior          to restrict the wildness of 

w⇤
<latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit><latexit sha1_base64="Gg0W5yd9r3N6POEQwptJIj3G1v0="></latexit>

p(y|x,w) =

(
�(f(x,w)) y = +1

1� �(f(x,w)) y = �1
<latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit><latexit sha1_base64="RbzgWPOYdI3IrwfR2hP2u9WU47A="></latexit>

p(w)
<latexit sha1_base64="M8tGVjQZOsDLxMQPNFd9GsjIPGU="></latexit><latexit sha1_base64="M8tGVjQZOsDLxMQPNFd9GsjIPGU="></latexit><latexit sha1_base64="M8tGVjQZOsDLxMQPNFd9GsjIPGU="></latexit><latexit sha1_base64="M8tGVjQZOsDLxMQPNFd9GsjIPGU="></latexit>

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

p(w) = Nw(0,�2) ) kwk22
<latexit sha1_base64="XFIZPSMkNpQ3lx8Nl171GyZBPOE="></latexit><latexit sha1_base64="XFIZPSMkNpQ3lx8Nl171GyZBPOE="></latexit><latexit sha1_base64="XFIZPSMkNpQ3lx8Nl171GyZBPOE="></latexit><latexit sha1_base64="XFIZPSMkNpQ3lx8Nl171GyZBPOE="></latexit>

• L2 regulariser
• L1 regulariser, L1+L2 regulariser (elastic net)
• prior on              structure (e.g. consists of convolutions)f(x,w)

<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

• batch normalization

f(x,w)
<latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit><latexit sha1_base64="7RPOYE+XfxCWbPB89L8jlQCkxVA="></latexit>

w
<latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit><latexit sha1_base64="28gsSPgKWYaauIkwKCv7xdZoR64="></latexit>
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Conclusions
• Explained regression and linear classifier as MAP/ML 

estimator 
• Discussed under/overfitting and regularisations 
• Next lesson will go deeper

79

Competencies required for the test T1

• Derive MAP/ML estimate for two-class and K-class 
classification problem. 

• Compute logistic-loss and cross-entropy-loss  
• Understand when classifier score has high/low values. 
• Understand when loss has high/low values.


