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

Learning for vision I
Karel	Zimmermann 

Center for Machine Perception 
https://cmp.felk.cvut.cz

Department for Cybernetics 
Faculty of Electrical Engineering 

Czech Technical University in Prague

Vision for Robotics and Autonomous Systems 
https://cyber.felk.cvut.cz/vras/

http://cmp.felk.cvut.cz/~zimmerk/

https://cmp.felk.cvut.cz
https://cyber.felk.cvut.cz/vras/
http://cmp.felk.cvut.cz/~zimmerk/


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

• Pre-requisites: linear algebra, Bayes rule 
• MAP estimation, prior and overfitting 
• Linear regression 
• Linear classification
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• Fast summary of Maximum A-Posteriori estimation of 
parameters of a probability distribution 

• Motivation example: estimation of a motion model
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<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>
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<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>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>
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• Fast summary of Maximum A-Posteriori estimation of 
parameters of a probability distribution 

• Motivation example: estimation of a motion model

robot

terrain
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>engine torque

motion 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>

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>

• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>
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• Fast summary of Maximum A-Posteriori estimation of 
parameters of a probability distribution 

• Motivation example: estimation of a motion model

robot

terrain
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>engine torque

motion 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>

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>

• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>
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• Fast summary of Maximum A-Posteriori estimation of 
parameters of a probability distribution 

• Motivation example: estimation of a motion model

robot

terrain
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>engine torque

motion 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>

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>

• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>
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• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>

w⇤
= argmax

w
p(w|D) = argmax

w

p(D|w)p(w)

p(D)

<latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit>
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p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>

= argmax

w
p(D|w)p(w) = argmax

w
p(x1, y1 . . .xN , yN |w)p(w)

<latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit>

w⇤
= argmax

w
p(w|D) = argmax

w

p(D|w)p(w)

p(D)

<latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit>
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• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>

= argmax

w
p(D|w)p(w) = argmax

w
p(x1, y1 . . .xN , yN |w)p(w)

<latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit>

w⇤
= argmax

w
p(w|D) = argmax

w

p(D|w)p(w)

p(D)

<latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit>

= argmax

w

 
Y

i

p(xi, yi|w)

!
p(w)

<latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit>

i.i.d.
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• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>

= argmax

w
p(D|w)p(w) = argmax

w
p(x1, y1 . . .xN , yN |w)p(w)

<latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit>

w⇤
= argmax

w
p(w|D) = argmax

w

p(D|w)p(w)

p(D)

<latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit>

= argmax

w

 
Y

i

p(xi, yi|w)

!
p(w)

<latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit>

= argmax

w

 
Y

i

p(yi|xi,w)p(xi)

!
p(w)

<latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit><latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit><latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit><latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit>
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• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit>

= argmax

w
p(D|w)p(w) = argmax

w
p(x1, y1 . . .xN , yN |w)p(w)

<latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit><latexit sha1_base64="oO0HaVjjkXF3MNWf3umL8r+WaHc="></latexit>

w⇤
= argmax

w
p(w|D) = argmax

w

p(D|w)p(w)

p(D)

<latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit><latexit sha1_base64="dJCLeg3L2Uky9IsLUQnPRpGezxA="></latexit>

= argmax

w

 
Y

i

p(xi, yi|w)

!
p(w)

<latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit><latexit sha1_base64="rRMIJEddtF6BkFn+J+UsDwEZ7NE="></latexit>

= argmax

w

 
Y

i

p(yi|xi,w)p(xi)

!
p(w)

<latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit><latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit><latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit><latexit sha1_base64="8aLUN1Mt103ntYJ30Q1MH4V2Y/g="></latexit>

= argmax

w

 
X

i

log(p(yi|xi,w)) + log p(xi)

!
+ log p(w)

<latexit sha1_base64="01Jr5rp0llEvcTXOOp0E9OSIPMI="></latexit><latexit sha1_base64="01Jr5rp0llEvcTXOOp0E9OSIPMI="></latexit><latexit sha1_base64="01Jr5rp0llEvcTXOOp0E9OSIPMI="></latexit><latexit sha1_base64="01Jr5rp0llEvcTXOOp0E9OSIPMI="></latexit>
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= argmax

w

 
X

i

log(p(yi|xi,w))

!
+ log p(w)

<latexit sha1_base64="OiNk3T0+phW0Wr3/amLpyx6Ybp0="></latexit><latexit sha1_base64="OiNk3T0+phW0Wr3/amLpyx6Ybp0="></latexit><latexit sha1_base64="OiNk3T0+phW0Wr3/amLpyx6Ybp0="></latexit><latexit sha1_base64="OiNk3T0+phW0Wr3/amLpyx6Ybp0="></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>

loss function prior/regulariser

• We search for parameters     of motion model  
given i.i.d. measurements

p(y|x,w)
<latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit><latexit sha1_base64="XwmWTXdGX/cQU7312FvOxWl00vc=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARKkhJRNBl0Y3LCvYCbSiT6aQdOrkwM1FD7MaNr+LGhSJufQd3vo2TNoK2/jDw8Z9zmHN+N+JMKsv6MubmFxaXlgsrxdW19Y1Nc2u7IcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8CKrN2+okCwMrlUSUcfH/YB5jGClra65F5UTdI86PlYD10vvRkc/eDs67Jolq2KNhWbBzqEEuWpd87PTC0ns00ARjqVs21aknBQLxQino2InljTCZIj7tK0xwD6VTjq+YoQOtNNDXij0CxQau78nUuxLmfiu7sxWlNO1zPyv1o6Vd+akLIhiRQMy+ciLOVIhyiJBPSYoUTzRgIlgeldEBlhgonRwRR2CPX3yLDSOK7ZVsa9OStXzPI4C7MI+lMGGU6jCJdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzcxnZhg</latexit>

w
<latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit><latexit sha1_base64="rDGdUkJeUn0BEjLwfUt3qxCB9Oc=">AAACE3icbVDLSsNAFJ3UV42vqEs3g6VQRUoigi6LblxWsA9oQ5lMJ+3QySTMTNQQ+w9u/BU3LhRx68adf+OkjajVAwNnzrmXe+/xIkalsu0PozA3v7C4VFw2V1bX1jesza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzRWea3roiQNOSXKomIG6ABpz7FSGmpZ+2Xo0oCb2E3QGro+elNi4wPvj7X4z3zm/eskl21J4B/iZOTEshR71nv3X6I44BwhRmSsuPYkXJTJBTFjIzNbixJhPAIDUhHU44CIt10ctMYlrXSh34o9OMKTtSfHSkKpEwCT1dmG8pZLxP/8zqx8k/clPIoVoTj6SA/ZlCFMAsI9qkgWLFEE4QF1btCPEQCYaVjNHUIzuzJf0nzsOrYVefiqFQ7zeMogh2wCyrAAcegBs5BHTQABnfgATyBZ+PeeDRejNdpacHIe7bBLxhvn7b8nhQ=</latexit>

D = {x1, y1 . . .xN , yN}
<latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></latexit><latexit sha1_base64="v3nJ1Q+h5NI+4VWMv7myEQpqP5w="></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

• Regression:

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) ⇠ Ny(f(x,w),�2)
<latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></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>
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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

• Regression:
• Probability of observing     when measuring      is  
 
 

xi
<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>

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) ⇠ Ny(f(x,w),�2)
<latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></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>

p(yi|xi,w) =

1p
2⇡�2

exp

✓
� (f(xi,w)� yi)2

2�2

◆

<latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></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

• Regression:
• Probability of observing     when measuring      is  
 
 

• Let us substitute it into the loss  
function (ignore prior for now)

xi
<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>

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) ⇠ Ny(f(x,w),�2)
<latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></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>

p(yi|xi,w) =

1p
2⇡�2

exp

✓
� (f(xi,w)� yi)2

2�2

◆

<latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit>
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loss function prior/regulariser

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>

• Regression:
• 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>

• which yields well known L2 loss

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) ⇠ Ny(f(x,w),�2)
<latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit>

• Especially

= 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>

p(yi|xi,w) =

1p
2⇡�2

exp

✓
� (f(xi,w)� yi)2

2�2

◆

<latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit>

w

⇤ = argmin
w

X

i

(f(xi,w)� yi)
2

<latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit><latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit><latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit><latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>
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loss function prior/regulariser

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>

• Regression:
• 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>

• which yields well known L2 loss

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) ⇠ Ny(f(x,w),�2)
<latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit><latexit sha1_base64="N5f1YO4Gm0XVOdSxPE9huXUQJXA="></latexit>

• Especially 
yields Least squares solution

= 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>

p(yi|xi,w) =

1p
2⇡�2

exp

✓
� (f(xi,w)� yi)2

2�2

◆

<latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit><latexit sha1_base64="FcVt+04jIvDNORGMV1VP5Smj9eI="></latexit>

w

⇤ = argmin
w

X

i

(f(xi,w)� yi)
2

<latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit><latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit><latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit><latexit sha1_base64="A04nz/DaxxK67G8oyVow/BTHI4o="></latexit>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>



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

loss function prior/regulariser

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>

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

• Especially 
yields Least squares solution 

• What if              is polynomial function of a certain degree?

= 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>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>



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

loss function prior/regulariser

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>

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

• Especially 
yields Least squares solution 

• What if              is polynomial function of a certain degree? 
• How to choose              ?

= 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>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>

f(x,w) = w

>
x
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= argmin
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• DKT is mapping from joint coordinates  
to end-effector position y.

f(x,w) = w

>
x
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• Especially 
yields Least squares solution 

• What if              is polynomial function of a certain degree? 
• How to choose              ?
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• DKT is mapping from joint coordinates  
to end-effector position y. 

• Why not to model it as  
64-degree polynomial?

f(x,w) = w
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• Especially 
yields Least squares solution 

• What if              is polynomial function of a certain degree? 
• How to choose              ?
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<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit>

f(x,w) = w

>
x

<latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></latexit><latexit sha1_base64="H5hE7w/gvYbXKor9ADRLO5DalD0="></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
• Prior is important:

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

f(xi,w) = w

>
x

<latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></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>

no prior, powerful f => overfitting
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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
• Prior is important:

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

f(xi,w) = w

>
x

<latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></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>

no prior, simple f => underfitting
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<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
• Prior is important:

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

f(xi,w) = w

>
x

<latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></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>

good prior
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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
• Prior is important: 

• Any prior knowledge restricts class of functions  
(e.g. probability of non-zero weight for higher degrees 
monomials is zero)

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

f(xi,w) = w

>
x

<latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></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
• Prior is important: 

• Any prior knowledge restricts class of functions  
(e.g. probability of non-zero weight for higher degrees 
monomials is zero) 

• Gaussian prior                              yields L2 regularization  
(it adds eye matrix to least squares)

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

f(xi,w) = w

>
x

<latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit>

p(w) ⇠ Nw(0,�I)
<latexit sha1_base64="F1AgtvEn2hNb3sUcF1cOlxVjKEo=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgtSElE0GXRTd1IBfuAJoTJZNIOnTyYmSgl5Jfc+CfipgtF3PoTTtrgo/XAhcM593LvPW7MqJCGMdGWlldW19ZLG+XNre2dXX1vvyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67ugq97v3hAsahXdyHBM7QIOQ+hQjqSRHb8ZVK0By6PrpQ1aDlqABnAoYsfQmc37M7z4jO4EWUys8NJPc9DqrOXrFqBtTwEViFqQCCrQc/dnyIpwEJJSYISH6phFLO0VcUsxIVrYSQWKER2hA+oqGKCDCTqcfZ/BYKR70I64qlHCq/p5IUSDEOHBVZ36imPdy8T+vn0j/wk5pGCeShHi2yE8YlBHM44Me5QRLNlYEYU7VrRAPEUdYqpDLKgRz/uVF0jmtm4rfnlUal0UcJXAIjkAVmOAcNEATtEAbYPAIXsAreNOetIn2rn3MWpe0YuYA/IH2+QU7H6rR</latexit><latexit sha1_base64="F1AgtvEn2hNb3sUcF1cOlxVjKEo=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgtSElE0GXRTd1IBfuAJoTJZNIOnTyYmSgl5Jfc+CfipgtF3PoTTtrgo/XAhcM593LvPW7MqJCGMdGWlldW19ZLG+XNre2dXX1vvyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67ugq97v3hAsahXdyHBM7QIOQ+hQjqSRHb8ZVK0By6PrpQ1aDlqABnAoYsfQmc37M7z4jO4EWUys8NJPc9DqrOXrFqBtTwEViFqQCCrQc/dnyIpwEJJSYISH6phFLO0VcUsxIVrYSQWKER2hA+oqGKCDCTqcfZ/BYKR70I64qlHCq/p5IUSDEOHBVZ36imPdy8T+vn0j/wk5pGCeShHi2yE8YlBHM44Me5QRLNlYEYU7VrRAPEUdYqpDLKgRz/uVF0jmtm4rfnlUal0UcJXAIjkAVmOAcNEATtEAbYPAIXsAreNOetIn2rn3MWpe0YuYA/IH2+QU7H6rR</latexit><latexit sha1_base64="F1AgtvEn2hNb3sUcF1cOlxVjKEo=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgtSElE0GXRTd1IBfuAJoTJZNIOnTyYmSgl5Jfc+CfipgtF3PoTTtrgo/XAhcM593LvPW7MqJCGMdGWlldW19ZLG+XNre2dXX1vvyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67ugq97v3hAsahXdyHBM7QIOQ+hQjqSRHb8ZVK0By6PrpQ1aDlqABnAoYsfQmc37M7z4jO4EWUys8NJPc9DqrOXrFqBtTwEViFqQCCrQc/dnyIpwEJJSYISH6phFLO0VcUsxIVrYSQWKER2hA+oqGKCDCTqcfZ/BYKR70I64qlHCq/p5IUSDEOHBVZ36imPdy8T+vn0j/wk5pGCeShHi2yE8YlBHM44Me5QRLNlYEYU7VrRAPEUdYqpDLKgRz/uVF0jmtm4rfnlUal0UcJXAIjkAVmOAcNEATtEAbYPAIXsAreNOetIn2rn3MWpe0YuYA/IH2+QU7H6rR</latexit><latexit sha1_base64="F1AgtvEn2hNb3sUcF1cOlxVjKEo=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgtSElE0GXRTd1IBfuAJoTJZNIOnTyYmSgl5Jfc+CfipgtF3PoTTtrgo/XAhcM593LvPW7MqJCGMdGWlldW19ZLG+XNre2dXX1vvyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67ugq97v3hAsahXdyHBM7QIOQ+hQjqSRHb8ZVK0By6PrpQ1aDlqABnAoYsfQmc37M7z4jO4EWUys8NJPc9DqrOXrFqBtTwEViFqQCCrQc/dnyIpwEJJSYISH6phFLO0VcUsxIVrYSQWKER2hA+oqGKCDCTqcfZ/BYKR70I64qlHCq/p5IUSDEOHBVZ36imPdy8T+vn0j/wk5pGCeShHi2yE8YlBHM44Me5QRLNlYEYU7VrRAPEUdYqpDLKgRz/uVF0jmtm4rfnlUal0UcJXAIjkAVmOAcNEATtEAbYPAIXsAreNOetIn2rn3MWpe0YuYA/IH2+QU7H6rR</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
• Prior is important: 

• Any prior knowledge restricts class of functions  
(e.g. probability of non-zero weight for higher degrees 
monomials is zero) 

• Gaussian prior                              yields L2 regularization  
(it adds eye matrix to least squares) 

• tuning hyperparameter  
• Regression with L1 regularization is known as Lasso

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

f(xi,w) = w

>
x

<latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit><latexit sha1_base64="WUUvy1uPzo7Gk6KyFYILf1pViH4="></latexit>

�
<latexit sha1_base64="Lha9QBBnT+dKooKNXJEOmLpQcy8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6BmgkvWNtwI1ksVwzgQrBtM7uZ+94kpzRP5aKYp82McSR5xisZK3YGw0RCH1Zpbdxcg68QrSA0KtIbVr0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmGVkESJsk8aslB/T+QYaz2NA5uM0Yz1qjcX//P6mYlu/JzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyeukc1X3LH+4rjVvizrKcAbncAkeNKAJ99CCNlCYwDO8wpuTOi/Ou/OxjJacYuYU/sD5/AE8x499</latexit><latexit sha1_base64="Lha9QBBnT+dKooKNXJEOmLpQcy8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6BmgkvWNtwI1ksVwzgQrBtM7uZ+94kpzRP5aKYp82McSR5xisZK3YGw0RCH1Zpbdxcg68QrSA0KtIbVr0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmGVkESJsk8aslB/T+QYaz2NA5uM0Yz1qjcX//P6mYlu/JzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyeukc1X3LH+4rjVvizrKcAbncAkeNKAJ99CCNlCYwDO8wpuTOi/Ou/OxjJacYuYU/sD5/AE8x499</latexit><latexit sha1_base64="Lha9QBBnT+dKooKNXJEOmLpQcy8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6BmgkvWNtwI1ksVwzgQrBtM7uZ+94kpzRP5aKYp82McSR5xisZK3YGw0RCH1Zpbdxcg68QrSA0KtIbVr0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmGVkESJsk8aslB/T+QYaz2NA5uM0Yz1qjcX//P6mYlu/JzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyeukc1X3LH+4rjVvizrKcAbncAkeNKAJ99CCNlCYwDO8wpuTOi/Ou/OxjJacYuYU/sD5/AE8x499</latexit><latexit sha1_base64="Lha9QBBnT+dKooKNXJEOmLpQcy8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6BmgkvWNtwI1ksVwzgQrBtM7uZ+94kpzRP5aKYp82McSR5xisZK3YGw0RCH1Zpbdxcg68QrSA0KtIbVr0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmGVkESJsk8aslB/T+QYaz2NA5uM0Yz1qjcX//P6mYlu/JzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyeukc1X3LH+4rjVvizrKcAbncAkeNKAJ99CCNlCYwDO8wpuTOi/Ou/OxjJacYuYU/sD5/AE8x499</latexit>

p(w) ⇠ Nw(0,�I)
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loss function prior/regulariser
• Prior is important: 

• Any prior knowledge restricts class of functions  
(e.g. probability of non-zero weight for higher degrees 
monomials is zero) 

• Gaussian prior                              yields L2 regularization  
(it adds eye matrix to least squares) 

• tuning hyperparameter  
• Regression with L1 regularization is known as Lasso 
• Well chosen prior partially reduces overfitting 
• Occam’s Razor
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f(xi,w) = w

>
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loss function prior/regulariser
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William of Ockham  
(1287-1347)

leprechauns can be  
involved in any explanation

https://en.wikipedia.org/wiki/Occam%27s_razor

https://en.wikipedia.org/wiki/Occam's_razor
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loss function prior/regulariser
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• It is very important to avoid any “not-well justified 
leprechauns” in the model, otherwise any learning 
(parameter estimations) may suffer from too complex 
explanations => overfitting
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loss function prior/regulariser
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• It is very important to avoid any “not-well justified 
leprechauns” in the model, otherwise any learning 
(parameter estimations) may suffer from too complex 
explanations => overfitting 

• Consequently we study different phenomenas  
• animal cortex structure (for ConvNets) 
• geometry of rigid motion (for robot/scene motion or DKT) 
• projective transformation of pinhole cameras 

    to create as simple (i.e.leprechauns-free) model as possible 
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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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Recognition problem
Why it is hard? Huge within-class variability !

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

Timofte, Zimmermann, van Gool, Multivew traffic-sign 
detection, recognition and 3D localisation, MVA, 2014 
https://link.springer.com/content/pdf/10.1007/
s00138-011-0391-3.pdf

https://link.springer.com/content/pdf/10.1007/s00138-011-0391-3.pdf
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Recognition problem
Why it is hard? Huge within-class variability !

• Viewpoint 
• Occlusion 
• Illumination 
• Pose 
• Type 
• Context
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Recognition problem
Why it is hard? Huge among-class similarity!

Timofte, Zimmermann, van Gool, Multivew traffic-sign 
detection, recognition and 3D localisation, MVA, 2014 
https://link.springer.com/content/pdf/10.1007/
s00138-011-0391-3.pdf

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

https://link.springer.com/content/pdf/10.1007/s00138-011-0391-3.pdf
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Recognition problem
Why it is hard? Huge among-class similarity!

• Viewpoint 
• Occlusion 
• Illumination 
• Pose 
• Type 
• Context
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Recognition problem

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

Two-class recognition problem: classify airplane/automobile

def classify(        ):

return p
???

RGB images (   )xi
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Probability of image being from the class airplane
How to model it?
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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
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Classification

RGB images (   )xi
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Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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>



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

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>

Classification



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

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



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

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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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
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>

�(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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+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>

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

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

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>

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>

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

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>

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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= 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: 

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>

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>
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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: 

• 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>

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(yi|xi,w) = �(yi f(xi,w))
<latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></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>

xi
<latexit sha1_base64="+QeMs+Ikj5Nx+EZ3AtDqm3C/KEU="></latexit><latexit sha1_base64="+QeMs+Ikj5Nx+EZ3AtDqm3C/KEU="></latexit><latexit sha1_base64="+QeMs+Ikj5Nx+EZ3AtDqm3C/KEU="></latexit><latexit sha1_base64="+QeMs+Ikj5Nx+EZ3AtDqm3C/KEU="></latexit>

yi
<latexit sha1_base64="b0mrB0OuU7U1HN/zeBlR2N4f3U4="></latexit><latexit sha1_base64="b0mrB0OuU7U1HN/zeBlR2N4f3U4="></latexit><latexit sha1_base64="b0mrB0OuU7U1HN/zeBlR2N4f3U4="></latexit><latexit sha1_base64="b0mrB0OuU7U1HN/zeBlR2N4f3U4="></latexit>



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

= 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: 

• 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>

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(yi|xi,w) = �(yi f(xi,w))
<latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></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>

• how to find distribution which maximize  
probability of training data?



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

= 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: 

• 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>

• substitution yields logistic loss

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(yi|xi,w) = �(yi f(xi,w))
<latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></latexit><latexit sha1_base64="sQeVSj/iO/jNX+4fUVPbqiC2CCU="></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

⇤
= argmin

w

X

i

log [1 + exp(�yi f(xi,w))]

<latexit sha1_base64="zDWFylLZwJIaC+iUv4BR4Yy9cxA="></latexit><latexit sha1_base64="zDWFylLZwJIaC+iUv4BR4Yy9cxA="></latexit><latexit sha1_base64="zDWFylLZwJIaC+iUv4BR4Yy9cxA="></latexit><latexit sha1_base64="zDWFylLZwJIaC+iUv4BR4Yy9cxA="></latexit>

• how to find distribution which maximize  
probability of training data?
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+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>
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+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>
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+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>

Small w>
xi

<latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit>

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

�(�1)⇥ (�2.5)
<latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></latexit><latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></latexit><latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></latexit><latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></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>
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+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>

x

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

�(�1)⇥ (�2.5)
<latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></latexit><latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></latexit><latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></latexit><latexit sha1_base64="CeV+Z8T/bV0yxhfm1EnjvJu8Rts="></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>
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+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>

Small loss for 
for small 

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>

w

>
xi

<latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit>

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

while yi = �1
<latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></latexit><latexit sha1_base64="v7pwm7VRT4sq0UhUjPbHb94i9eo="></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>
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�(�1)⇥ 2.5
<latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></latexit><latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></latexit><latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></latexit><latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></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>

Large w

>
xi

<latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit>

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

x

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

�(�1)⇥ 2.5
<latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></latexit><latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></latexit><latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></latexit><latexit sha1_base64="Bz8j2QO2hvAyQjh78wM2T1TDbAk="></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>
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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>

Huge loss 
for large 

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>

w

>
xi

<latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit><latexit sha1_base64="R7DwvCPJNwosXN6k+h+juzAr9es="></latexit>

1.12
<latexit sha1_base64="xKCAF4rquGJb/fAyDCqr8m3ybts="></latexit><latexit sha1_base64="xKCAF4rquGJb/fAyDCqr8m3ybts="></latexit><latexit sha1_base64="xKCAF4rquGJb/fAyDCqr8m3ybts="></latexit><latexit sha1_base64="xKCAF4rquGJb/fAyDCqr8m3ybts="></latexit>

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

w

⇤
= argmin

w

X

i

log

⇥
1 + exp(yi w

>
xi)

⇤

<latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit>

w = w � ↵
@L(w)

@w
<latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit>
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• 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

w

⇤
= argmin

w

X

i

log

⇥
1 + exp(yi w

>
xi)

⇤

<latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit>

@L(w)

@w
=

X

i

yixi

1 + exp(�yiw>
xi)

<latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit><latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit><latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit><latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit>

w = w � ↵
@L(w)

@w
<latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit>
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• 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

Learned weights 
as a template:

w

⇤
= argmin

w

X

i

log

⇥
1 + exp(yi w

>
xi)

⇤

<latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit><latexit sha1_base64="XgwiiLFAT+Zt8JDERzf6d3efYeE="></latexit>

@L(w)

@w
=

X

i

yixi

1 + exp(�yiw>
xi)

<latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit><latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit><latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit><latexit sha1_base64="HuOb41St5gYyItb2biAlsLwP4D4="></latexit>

w = w � ↵
@L(w)

@w
<latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit><latexit sha1_base64="QXdLPqKQ9hoUEg3UpQ2T3ivUaxg="></latexit>



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

= 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>



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

= 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



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

= 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>



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

= 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>



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

= 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>



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

= 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>



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

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>



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

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>



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

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

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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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="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⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></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 (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>

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

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>

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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= 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 (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>

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

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>

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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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 (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>

• subst. yields cross-entropy loss

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

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>

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>

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>
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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>

def train(                                              
                                                                                     ):

return

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⇤
<latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></latexit><latexit sha1_base64="NbAhLm/Qzhlqj4kPnf5SQAhYFvc="></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>
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def train(                                              
                                                                                     ):

return

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>

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

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>
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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(                                              
                                                                                     ):

return

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>

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

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>
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Conclusions

• Explained regression and linear classier as MAP estimator 
• Discussed limitations, curse of dimensionality, overfitting 

and regularisations 
• Next lesson will go deeper


