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w⋆ = arg min
w

DKL(pdata(x, y) ∥ p(x, y |w)) = ∫(x,y)
pdata(x, y) ⋅ log

pdata(x, y)
p(x, y |w)

= arg min
w

𝔼(x,y)∼pdata[log
pdata(x, y)
p(x, y |w) ] = arg min

w
𝔼(x,y)∼pdata[ − log p(x, y |w)]

Prerequisites: Learning vs optimization

pdata(x, y)

p(x, y |w)

= arg min
w

𝔼(x,y)∼pdata[ − log p(y |x, w)] ≈ arg min
w

1
N ∑

(xi,yi)
[− log p(yi |xi, w)]
∼ pdata(x, y)

What else can be modeled?

= arg min
w

𝔼(x,y)∼pdata[log pdata(x, y)−log p(y |x, w)p(x)]

p(yi |xi, w)So-far we always modeled
How comes?

p(x, y |w) p(x |y, w) p(x |w)



pdata(x, y)

Generator
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Dataset augmentation
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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>



̂pdata(x, y)
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>

pdata(x, y)

Generator

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>

noise

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>

̂pdata(x, y)Samples from
Dataset augmentation

p(x, y |w)
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Dataset augmentation
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annotation

̂pdata(x |y)Samples from
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p(x |y, w)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>



Domain transfer

Generator

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>

̂pdata(x |y)Samples from

noise+

photo painting
p(x |y, w)



Generatornoise

̂pdata(x)Samples from

[ProGAN]

Classification dataset augmentation

p(x |w)

random walk in noise space



• Dataset augmentation 

• Realistic simulator

• Generative networks

How can I do it?



RGB images



Depth images



Stencil layer



Stencil layer - cars

glass is not car



Stencil layer - humans

driver ’s hand



Stencil layer - trees



Stencil layer - sky



Stencil layer - artificial light



Stencil layer - artificial light



Other annotations for objects (e.g. cars, humans)



Other annotations for objects (e.g. cars, humans)



What can be controlled (night/day)



What can be controlled (night/day)



What can be controlled (weather): ExtraSunny



What can be controlled (weather): Clear



What can be controlled (weather): Foggy



What can be controlled (weather): OverCast



What can be controlled (weather): Raining



What can be controlled (weather): ThunderStorm



What can be controlled (weather): Clearing



What can be controlled (weather): SnowLight



What can be controlled (mods): Tsunami

https://cs.gta5-mods.com/misc/tsunami-mod



What can be controlled (mods): Plane crashing mods

https://cs.gta5-mods.com/scripts/planes-hails



Driving in the matrix [Roberson ICRA 2017]

• Reverse engineering of GTA 5 (RAGE engine)  
https://arxiv.org/abs/1610.01983

easy

moderate

hard



• Dataset augmentation 

• Realistic simulator

• Generative networks

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

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

w⋆ = arg min
w

DKL(pdata(x, y) ∥ p(x, y |w)) = ∫(x,y)
pdata(x, y) ⋅ log

pdata(x, y)
p(x, y |w)

= arg min
w

𝔼(x,y)∼pdata[log
pdata(x, y)
p(x, y |w) ] = arg min

w
𝔼(x,y)∼pdata[ − log p(x, y |w)]

pdata(x, y)

p(x, y |w)

= arg min
w

𝔼(x,y)∼pdata[ − log p(y |x, w)] ≈ arg min
w

1
N ∑

(xi,yi)
[− log p(yi |xi, w)]
∼ pdata(x, y)

= arg min
w

𝔼(x,y)∼pdata[log pdata(x, y)−log p(y |x, w)p(x)]

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

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

w⋆ = arg min
w

DKL(pdata(x, y) ∥ p(x, y |w)) = ∫(x,y)
pdata(x, y) ⋅ log

pdata(x, y)
p(x, y |w)

= arg min
w

𝔼(x,y)∼pdata[log
pdata(x, y)
p(x, y |w) ] = arg min

w
𝔼(x,y)∼pdata[ − log p(x, y |w)]

How can I do it?

pdata(x, y)

p(x, y |w)

= arg min
w

𝔼(x,y)∼pdata[ − log p(x |y, w)] ≈ arg min
w

1
N ∑

(xi,yi)
[− log p(xi |yi, w)]
∼ pdata(x, y)

= arg min
w

𝔼(x,y)∼pdata[log pdata(x, y)−log p(x |y, w)p(y)]



Dataset augmentation ̂pdata(x |y)Samples from

Generator

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>

noise+

annotation photo

≈ arg min
w

1
N ∑

(xi,yi)
[− log p(xi |yi, w)]

Is it that easy?

• high-dimensional, 

• intricate 

• non-gaussian pdf 

Photos corresponding to annotation comes from 

L2-loss is obviously wrong =>Where do I get the loss?



Deep Feature interpolations [Upchurch CVPR 2017] 
https://arxiv.org/pdf/1611.05507.pdf

Generate samples by projecting images into low-dimensional representation

x2
NN

x1

faces 
with 

facial hair

faces 
without 

facial hair
x+ ↵w

<latexit sha1_base64="RWx/Oz6awyKbj39Zjb6Geh3YRhw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNBl0Y3LCvYCTSgn00k7dHJhZqKWkJ0bX8WNC0Xc+grufBsnbQRt/WHg4z/nMOf8XsyZVJb1ZZQWFpeWV8qrlbX1jc0tc3unJaNEENokEY9ExwNJOQtpUzHFaScWFAKP07Y3uszr7VsqJIvCGzWOqRvAIGQ+I6C01TP3nQDU0PPT+wwfYwd4PAT8491lPbNq1ayJ8DzYBVRRoUbP/HT6EUkCGirCQcqubcXKTUEoRjjNKk4iaQxkBAPa1RhCQKWbTu7I8KF2+tiPhH6hwhP390QKgZTjwNOd+YZytpab/9W6ifLP3ZSFcaJoSKYf+QnHKsJ5KLjPBCWKjzUAEUzviskQBBClo6voEOzZk+ehdVKzNV+fVusXRRxltIcO0BGy0RmqoyvUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN8fgmT8=</latexit><latexit sha1_base64="RWx/Oz6awyKbj39Zjb6Geh3YRhw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNBl0Y3LCvYCTSgn00k7dHJhZqKWkJ0bX8WNC0Xc+grufBsnbQRt/WHg4z/nMOf8XsyZVJb1ZZQWFpeWV8qrlbX1jc0tc3unJaNEENokEY9ExwNJOQtpUzHFaScWFAKP07Y3uszr7VsqJIvCGzWOqRvAIGQ+I6C01TP3nQDU0PPT+wwfYwd4PAT8491lPbNq1ayJ8DzYBVRRoUbP/HT6EUkCGirCQcqubcXKTUEoRjjNKk4iaQxkBAPa1RhCQKWbTu7I8KF2+tiPhH6hwhP390QKgZTjwNOd+YZytpab/9W6ifLP3ZSFcaJoSKYf+QnHKsJ5KLjPBCWKjzUAEUzviskQBBClo6voEOzZk+ehdVKzNV+fVusXRRxltIcO0BGy0RmqoyvUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN8fgmT8=</latexit><latexit sha1_base64="RWx/Oz6awyKbj39Zjb6Geh3YRhw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNBl0Y3LCvYCTSgn00k7dHJhZqKWkJ0bX8WNC0Xc+grufBsnbQRt/WHg4z/nMOf8XsyZVJb1ZZQWFpeWV8qrlbX1jc0tc3unJaNEENokEY9ExwNJOQtpUzHFaScWFAKP07Y3uszr7VsqJIvCGzWOqRvAIGQ+I6C01TP3nQDU0PPT+wwfYwd4PAT8491lPbNq1ayJ8DzYBVRRoUbP/HT6EUkCGirCQcqubcXKTUEoRjjNKk4iaQxkBAPa1RhCQKWbTu7I8KF2+tiPhH6hwhP390QKgZTjwNOd+YZytpab/9W6ifLP3ZSFcaJoSKYf+QnHKsJ5KLjPBCWKjzUAEUzviskQBBClo6voEOzZk+ehdVKzNV+fVusXRRxltIcO0BGy0RmqoyvUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN8fgmT8=</latexit><latexit sha1_base64="RWx/Oz6awyKbj39Zjb6Geh3YRhw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNBl0Y3LCvYCTSgn00k7dHJhZqKWkJ0bX8WNC0Xc+grufBsnbQRt/WHg4z/nMOf8XsyZVJb1ZZQWFpeWV8qrlbX1jc0tc3unJaNEENokEY9ExwNJOQtpUzHFaScWFAKP07Y3uszr7VsqJIvCGzWOqRvAIGQ+I6C01TP3nQDU0PPT+wwfYwd4PAT8491lPbNq1ayJ8DzYBVRRoUbP/HT6EUkCGirCQcqubcXKTUEoRjjNKk4iaQxkBAPa1RhCQKWbTu7I8KF2+tiPhH6hwhP390QKgZTjwNOd+YZytpab/9W6ifLP3ZSFcaJoSKYf+QnHKsJ5KLjPBCWKjzUAEUzviskQBBClo6voEOzZk+ehdVKzNV+fVusXRRxltIcO0BGy0RmqoyvUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN8fgmT8=</latexit>

ConvNet

f1 f2 f3 f4 f5 f6 f7 f8 f9

https://arxiv.org/pdf/1611.05507.pdf


Generative models

CNN

training set 
(2D vectors) latent low dimensional 

 encoding
CNN

L2-reconstructed  
training set

• Learning the self-reconstruction with L2 reconstruction loss

x̂(w)

<latexit sha1_base64="m9pAAJbpl3i34RLvJ5JPQ/+NS70=">AAACEXicbZBNS8NAEIY39avGr6hHL4ulUC8lEUGPRS8eK9gPaELZbDft0s0m7G7UEvIXvPhXvHhQxKs3b/4bN21EbR1YePadGWbm9WNGpbLtT6O0tLyyulZeNzc2t7Z3rN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88UWe79wQIWnEr9UkJl6IhpwGFCOlpb5Vc0dIpW6I1MgP0rssq33zbXZkVn8+fati1+1pwEVwCqiAIpp968MdRDgJCVeYISl7jh0rL0VCUcxIZrqJJDHCYzQkPY0chUR66fSiDFa1MoBBJPTjCk7V3x0pCqWchL6uzDeU87lc/C/XS1Rw5qWUx4kiHM8GBQmDKoK5PXBABcGKTTQgLKjeFeIREggrbaKpTXDmT16E9nHd0Xx1UmmcF3aUwQE4BDXggFPQAJegCVoAg3vwCJ7Bi/FgPBmvxtustGQUPfvgTxjvX3WGngQ=</latexit><latexit sha1_base64="m9pAAJbpl3i34RLvJ5JPQ/+NS70=">AAACEXicbZBNS8NAEIY39avGr6hHL4ulUC8lEUGPRS8eK9gPaELZbDft0s0m7G7UEvIXvPhXvHhQxKs3b/4bN21EbR1YePadGWbm9WNGpbLtT6O0tLyyulZeNzc2t7Z3rN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88UWe79wQIWnEr9UkJl6IhpwGFCOlpb5Vc0dIpW6I1MgP0rssq33zbXZkVn8+fati1+1pwEVwCqiAIpp968MdRDgJCVeYISl7jh0rL0VCUcxIZrqJJDHCYzQkPY0chUR66fSiDFa1MoBBJPTjCk7V3x0pCqWchL6uzDeU87lc/C/XS1Rw5qWUx4kiHM8GBQmDKoK5PXBABcGKTTQgLKjeFeIREggrbaKpTXDmT16E9nHd0Xx1UmmcF3aUwQE4BDXggFPQAJegCVoAg3vwCJ7Bi/FgPBmvxtustGQUPfvgTxjvX3WGngQ=</latexit><latexit sha1_base64="m9pAAJbpl3i34RLvJ5JPQ/+NS70=">AAACEXicbZBNS8NAEIY39avGr6hHL4ulUC8lEUGPRS8eK9gPaELZbDft0s0m7G7UEvIXvPhXvHhQxKs3b/4bN21EbR1YePadGWbm9WNGpbLtT6O0tLyyulZeNzc2t7Z3rN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88UWe79wQIWnEr9UkJl6IhpwGFCOlpb5Vc0dIpW6I1MgP0rssq33zbXZkVn8+fati1+1pwEVwCqiAIpp968MdRDgJCVeYISl7jh0rL0VCUcxIZrqJJDHCYzQkPY0chUR66fSiDFa1MoBBJPTjCk7V3x0pCqWchL6uzDeU87lc/C/XS1Rw5qWUx4kiHM8GBQmDKoK5PXBABcGKTTQgLKjeFeIREggrbaKpTXDmT16E9nHd0Xx1UmmcF3aUwQE4BDXggFPQAJegCVoAg3vwCJ7Bi/FgPBmvxtustGQUPfvgTxjvX3WGngQ=</latexit><latexit sha1_base64="m9pAAJbpl3i34RLvJ5JPQ/+NS70=">AAACEXicbZBNS8NAEIY39avGr6hHL4ulUC8lEUGPRS8eK9gPaELZbDft0s0m7G7UEvIXvPhXvHhQxKs3b/4bN21EbR1YePadGWbm9WNGpbLtT6O0tLyyulZeNzc2t7Z3rN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88UWe79wQIWnEr9UkJl6IhpwGFCOlpb5Vc0dIpW6I1MgP0rssq33zbXZkVn8+fati1+1pwEVwCqiAIpp968MdRDgJCVeYISl7jh0rL0VCUcxIZrqJJDHCYzQkPY0chUR66fSiDFa1MoBBJPTjCk7V3x0pCqWchL6uzDeU87lc/C/XS1Rw5qWUx4kiHM8GBQmDKoK5PXBABcGKTTQgLKjeFeIREggrbaKpTXDmT16E9nHd0Xx1UmmcF3aUwQE4BDXggFPQAJegCVoAg3vwCJ7Bi/FgPBmvxtustGQUPfvgTxjvX3WGngQ=</latexit>

x
<latexit sha1_base64="YHiOvECboPTwWx5jyehAMCj+aMo=">AAACHXicbZBNS8MwGMfT+TbrW9Wjl+AYzMtoZaDHoRePE9wLrGOkWbqFpWlJUnWUfhEvfhUvHhTx4EX8NqZbfdt8IPDL/5+HPM/fixiVyrY/jMLS8srqWnHd3Njc2t6xdvdaMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbG55nfviZC0pBfqUlEegEacupTjJSW+lbNDZAaeX5ym5pld4RU8iOklS++SY+0+33pWyW7ak8LLoKTQwnk1ehbb+4gxHFAuMIMSdl17Ej1EiQUxYykphtLEiE8RkPS1chRQGQvmW6XwrJWBtAPhT5cwan6uyNBgZSTwNMvswnlvJeJ/3ndWPmnvYTyKFaE49lHfsygCmEWFRxQQbBiEw0IC6pnhXiEBMJKB2rqEJz5lRehdVx1NF/WSvWzPI4iOACHoAIccALq4AI0QBNgcAcewBN4Nu6NR+PFeJ09LRh5zz74U8b7J7dSouk=</latexit><latexit sha1_base64="YHiOvECboPTwWx5jyehAMCj+aMo=">AAACHXicbZBNS8MwGMfT+TbrW9Wjl+AYzMtoZaDHoRePE9wLrGOkWbqFpWlJUnWUfhEvfhUvHhTx4EX8NqZbfdt8IPDL/5+HPM/fixiVyrY/jMLS8srqWnHd3Njc2t6xdvdaMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbG55nfviZC0pBfqUlEegEacupTjJSW+lbNDZAaeX5ym5pld4RU8iOklS++SY+0+33pWyW7ak8LLoKTQwnk1ehbb+4gxHFAuMIMSdl17Ej1EiQUxYykphtLEiE8RkPS1chRQGQvmW6XwrJWBtAPhT5cwan6uyNBgZSTwNMvswnlvJeJ/3ndWPmnvYTyKFaE49lHfsygCmEWFRxQQbBiEw0IC6pnhXiEBMJKB2rqEJz5lRehdVx1NF/WSvWzPI4iOACHoAIccALq4AI0QBNgcAcewBN4Nu6NR+PFeJ09LRh5zz74U8b7J7dSouk=</latexit><latexit sha1_base64="YHiOvECboPTwWx5jyehAMCj+aMo=">AAACHXicbZBNS8MwGMfT+TbrW9Wjl+AYzMtoZaDHoRePE9wLrGOkWbqFpWlJUnWUfhEvfhUvHhTx4EX8NqZbfdt8IPDL/5+HPM/fixiVyrY/jMLS8srqWnHd3Njc2t6xdvdaMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbG55nfviZC0pBfqUlEegEacupTjJSW+lbNDZAaeX5ym5pld4RU8iOklS++SY+0+33pWyW7ak8LLoKTQwnk1ehbb+4gxHFAuMIMSdl17Ej1EiQUxYykphtLEiE8RkPS1chRQGQvmW6XwrJWBtAPhT5cwan6uyNBgZSTwNMvswnlvJeJ/3ndWPmnvYTyKFaE49lHfsygCmEWFRxQQbBiEw0IC6pnhXiEBMJKB2rqEJz5lRehdVx1NF/WSvWzPI4iOACHoAIccALq4AI0QBNgcAcewBN4Nu6NR+PFeJ09LRh5zz74U8b7J7dSouk=</latexit><latexit sha1_base64="YHiOvECboPTwWx5jyehAMCj+aMo=">AAACHXicbZBNS8MwGMfT+TbrW9Wjl+AYzMtoZaDHoRePE9wLrGOkWbqFpWlJUnWUfhEvfhUvHhTx4EX8NqZbfdt8IPDL/5+HPM/fixiVyrY/jMLS8srqWnHd3Njc2t6xdvdaMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbG55nfviZC0pBfqUlEegEacupTjJSW+lbNDZAaeX5ym5pld4RU8iOklS++SY+0+33pWyW7ak8LLoKTQwnk1ehbb+4gxHFAuMIMSdl17Ej1EiQUxYykphtLEiE8RkPS1chRQGQvmW6XwrJWBtAPhT5cwan6uyNBgZSTwNMvswnlvJeJ/3ndWPmnvYTyKFaE49lHfsygCmEWFRxQQbBiEw0IC6pnhXiEBMJKB2rqEJz5lRehdVx1NF/WSvWzPI4iOACHoAIccALq4AI0QBNgcAcewBN4Nu6NR+PFeJ09LRh5zz74U8b7J7dSouk=</latexit>

argmin
w

kx� x̂(w)k22
<latexit sha1_base64="kdBe7qlYevzom8wltgcgSGZ1N6A="></latexit><latexit sha1_base64="kdBe7qlYevzom8wltgcgSGZ1N6A="></latexit><latexit sha1_base64="kdBe7qlYevzom8wltgcgSGZ1N6A="></latexit><latexit sha1_base64="kdBe7qlYevzom8wltgcgSGZ1N6A="></latexit>

If CNN is pure linear function then: 

• closed-form solution exists

• method is called PCA

If  is pushed towards gauusian distribution:z

z

• method is referred as variational encoders

You can do it even without any annotations just on collection of images



Generative models

random noise in 
low dimensional 

 encoding

CNN

• New samples generated from random vectors in low-dimensional encoding.

z1

x̂1



Generative models

random noise in 
low dimensional 

 encoding

CNN

z1 z2

x̂1 x̂2

• New samples generated from random vectors in low-dimensional encoding.



Generative models

random noise in 
low dimensional 

 encoding

CNN

z1 z2
z3

x̂1 x̂2 x̂3

• New samples generated from random vectors in low-dimensional encoding.



Generative models

random noise in 
low dimensional 

 encoding

CNN

z1 z2
z3

x̂1 x̂2 x̂3

• New samples generated from random vectors in low-dimensional encoding.



generator
noise

discriminator
real/fake

Generative Adversarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

fake samples

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real samples
y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

<latexit sha1_base64="6QfwXAp7o35LneYKy9Q+yeJ9Vsc="></latexit>

@L(d,g)
@d

-

decrease loss via discriminator

<latexit sha1_base64="vGBTlR0R8BvHi3xFNlOiUpu546k=">AAACMHicbZBJS8NAFMcnrrVuUY9eBotQQUoibseiBz14qGAXaEKZTCbt0MnCzEQoIR/Jix9FLwqKePVTOEnj1vpg4Mf/LfPe34kYFdIwnrWZ2bn5hcXSUnl5ZXVtXd/YbIkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2MzzP8u1bwgUNgxs5iojto35APYqRVFJPv7A8jnBiRYhLipjlIznAiCVXaTVnx0vcdP8L++keTL+L4Y+c9vSKUTPygNNgFlABRTR6+oPlhjj2SSAxQ0J0TSOSdpJNxoykZSsWJEJ4iPqkqzBAPhF2kh+cwl2luNALuXqBhLn6uyNBvhAj31GV2YpiMpeJ/+W6sfRO7YQGUSxJgMcfeTGDMoSZe9ClnGDJRgoQ5lTtCvEAKQel8risTDAnT56G1kHNPK4dXR9W6meFHSWwDXZAFZjgBNTBJWiAJsDgDjyCF/Cq3WtP2pv2Pi6d0YqeLfAntI9Pen6rsA==</latexit>

@L(d,g)
@g

+

increase loss via generator

L(d,g) =
X

x2X

� log(d(g(x))) +
X

y2Y

� log(1� d(y))

<latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit>

classification loss:

https://arxiv.org/abs/1406.2661


generator discriminator
noise

real samples

real/fake

fake samples

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

<latexit sha1_base64="6QfwXAp7o35LneYKy9Q+yeJ9Vsc="></latexit>

@L(d,g)
@d

-

decrease loss via discriminator

<latexit sha1_base64="vGBTlR0R8BvHi3xFNlOiUpu546k=">AAACMHicbZBJS8NAFMcnrrVuUY9eBotQQUoibseiBz14qGAXaEKZTCbt0MnCzEQoIR/Jix9FLwqKePVTOEnj1vpg4Mf/LfPe34kYFdIwnrWZ2bn5hcXSUnl5ZXVtXd/YbIkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2MzzP8u1bwgUNgxs5iojto35APYqRVFJPv7A8jnBiRYhLipjlIznAiCVXaTVnx0vcdP8L++keTL+L4Y+c9vSKUTPygNNgFlABRTR6+oPlhjj2SSAxQ0J0TSOSdpJNxoykZSsWJEJ4iPqkqzBAPhF2kh+cwl2luNALuXqBhLn6uyNBvhAj31GV2YpiMpeJ/+W6sfRO7YQGUSxJgMcfeTGDMoSZe9ClnGDJRgoQ5lTtCvEAKQel8risTDAnT56G1kHNPK4dXR9W6meFHSWwDXZAFZjgBNTBJWiAJsDgDjyCF/Cq3WtP2pv2Pi6d0YqeLfAntI9Pen6rsA==</latexit>

@L(d,g)
@g

+

increase loss via generator

L(d,g) =
X

x2X

� log(d(g(x))) +
X

y2Y

� log(1� d(y))

<latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit>

classification loss:

Generative Adversarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

https://arxiv.org/abs/1406.2661


generator discriminator
noise

real samples

real/fake

fake samples

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

<latexit sha1_base64="6QfwXAp7o35LneYKy9Q+yeJ9Vsc="></latexit>

@L(d,g)
@d

-

decrease loss via discriminator

<latexit sha1_base64="vGBTlR0R8BvHi3xFNlOiUpu546k=">AAACMHicbZBJS8NAFMcnrrVuUY9eBotQQUoibseiBz14qGAXaEKZTCbt0MnCzEQoIR/Jix9FLwqKePVTOEnj1vpg4Mf/LfPe34kYFdIwnrWZ2bn5hcXSUnl5ZXVtXd/YbIkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2MzzP8u1bwgUNgxs5iojto35APYqRVFJPv7A8jnBiRYhLipjlIznAiCVXaTVnx0vcdP8L++keTL+L4Y+c9vSKUTPygNNgFlABRTR6+oPlhjj2SSAxQ0J0TSOSdpJNxoykZSsWJEJ4iPqkqzBAPhF2kh+cwl2luNALuXqBhLn6uyNBvhAj31GV2YpiMpeJ/+W6sfRO7YQGUSxJgMcfeTGDMoSZe9ClnGDJRgoQ5lTtCvEAKQel8risTDAnT56G1kHNPK4dXR9W6meFHSWwDXZAFZjgBNTBJWiAJsDgDjyCF/Cq3WtP2pv2Pi6d0YqeLfAntI9Pen6rsA==</latexit>

@L(d,g)
@g

+

increase loss via generator

L(d,g) =
X

x2X

� log(d(g(x))) +
X

y2Y

� log(1� d(y))

<latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit>

classification loss:

Generative Adversarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

https://arxiv.org/abs/1406.2661


generator discriminator
noise

real samples

real/fake

fake samples

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

(d⇤,g⇤) = argmin
d

argmax
g

L(d,g)
<latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit>

<latexit sha1_base64="6QfwXAp7o35LneYKy9Q+yeJ9Vsc="></latexit>

@L(d,g)
@d

-

decrease loss via discriminator

<latexit sha1_base64="vGBTlR0R8BvHi3xFNlOiUpu546k=">AAACMHicbZBJS8NAFMcnrrVuUY9eBotQQUoibseiBz14qGAXaEKZTCbt0MnCzEQoIR/Jix9FLwqKePVTOEnj1vpg4Mf/LfPe34kYFdIwnrWZ2bn5hcXSUnl5ZXVtXd/YbIkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2MzzP8u1bwgUNgxs5iojto35APYqRVFJPv7A8jnBiRYhLipjlIznAiCVXaTVnx0vcdP8L++keTL+L4Y+c9vSKUTPygNNgFlABRTR6+oPlhjj2SSAxQ0J0TSOSdpJNxoykZSsWJEJ4iPqkqzBAPhF2kh+cwl2luNALuXqBhLn6uyNBvhAj31GV2YpiMpeJ/+W6sfRO7YQGUSxJgMcfeTGDMoSZe9ClnGDJRgoQ5lTtCvEAKQel8risTDAnT56G1kHNPK4dXR9W6meFHSWwDXZAFZjgBNTBJWiAJsDgDjyCF/Cq3WtP2pv2Pi6d0YqeLfAntI9Pen6rsA==</latexit>

@L(d,g)
@g

+

increase loss via generator

L(d,g) =
X

x2X

� log(d(g(x))) +
X

y2Y

� log(1� d(y))

<latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit><latexit sha1_base64="RcsPczRiGqNkVdvSYIhq8NrKU2M="></latexit>

classification loss:

Generative Adversarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

https://arxiv.org/abs/1406.2661


• Proof: Equilibrium in saddle point implies that generator generates samples from the 
real distribution (asymptotically consistent in contrast to VAE) 

Generative Avdersarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

(d⇤,g⇤) = argmin
d

argmax
g

L(d,g)
<latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit>

https://arxiv.org/abs/1406.2661


• Proof: Equilibrium in saddle point implies that generator generates samples from the 
real distribution (asymptotically consistent in contrast to VAE) 

Generative Avdersarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

(d⇤,g⇤) = argmin
d

argmax
g

L(d,g)
<latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit>

https://theaisummer.com/gan-computer-vision/

https://arxiv.org/abs/1406.2661


• The learning is generally unstable and suffers from mode collapse

Generative Avdersarial Nets [Goodfellow NIPS 2014] 
https://arxiv.org/abs/1406.2661

(d⇤,g⇤) = argmin
d

argmax
g

L(d,g)
<latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit><latexit sha1_base64="a5uhJNcefBAUJwa2RBZW9UZ4/AA="></latexit>

https://theaisummer.com/gan-computer-vision/

https://arxiv.org/abs/1406.2661


Domain transfer



Cycle-GAN [Zhu ICCV 2017] 
https://arxiv.org/abs/1703.10593

real/fake
dy(y)

<latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit>

gx(x)
<latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit>

fake Y-domain 
samples ŷ

<latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

real Y-domain 
samples y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Monet’s paining 

fake Monet’s paining 

https://arxiv.org/abs/1703.10593


Cycle-GAN [Zhu ICCV 2017] 
https://arxiv.org/abs/1703.10593

real/fake
dy(y)

<latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit>

gx(x)
<latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit>

fake Y-domain 
samples ŷ

<latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

real Y-domain 
samples y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Monet’s paining 

gy(y)
<latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit>

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Y-domain

 samples

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

dx(x)
<latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit>

real/fake
x̂

<latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit>

fake X-domain 
samples

real Monet’s  
paining 

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

https://arxiv.org/abs/1703.10593


Cycle-GAN [Zhu ICCV 2017] 
https://arxiv.org/abs/1703.10593

real/fake
dy(y)

<latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit>

gx(x)
<latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit>

fake Y-domain 
samples ŷ

<latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

real Y-domain 
samples y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

gy(y)
<latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit>

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Y-domain

 samples

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

fake X-domain 
samples x̂

<latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit>

dx(x)
<latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit>

real/fake
LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|

<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

<latexit sha1_base64="k3dTkEs+1PffQgBShHeHyVI6vhE="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|+ |gy(gx(x)� x̂|

https://arxiv.org/abs/1703.10593


Cycle-GAN [Zhu ICCV 2017] 
https://arxiv.org/abs/1703.10593

real/fake
dy(y)

<latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit>

gx(x)
<latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit>

fake Y-domain 
samples ŷ

<latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

real Y-domain 
samples y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

gy(y)
<latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit>

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Y-domain

 samples

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

fake X-domain 
samples x̂

<latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit>

dx(x)
<latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit>

real/fake

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

+
<latexit sha1_base64="k3dTkEs+1PffQgBShHeHyVI6vhE="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|+ |gy(gx(x)� x̂|+LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>
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CyCaDa-GAN [Hoffman CVPR 2018] 
https://arxiv.org/pdf/1711.03213.pdf

• Cycle consistency helps, but it still allows to learn  
totally semantically inconsistent transfer

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

House numbers 

House numbers to MNIST transfer

https://arxiv.org/pdf/1711.03213.pdf


CyCaDa-GAN [Hoffman CVPR 2018] 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• Cycle consistency helps, but it still allows to learn  
totally semantically inconsistent transfer

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>
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• Cycle consistency helps, but it still allows to learn  
totally semantically inconsistent transfer

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
<latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit><latexit sha1_base64="zO8pfy31qw410Pn+Z1Jn73eCDwo="></latexit>

LGAN (dx,dy,gx,gy) = L(dy,gx) + L(dx,gy) + |gx(gy(y)� ŷ|
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real/fake

real Y-domain 
samples y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

dy(y)
<latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit>

gx(x)
<latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit>

gy(y)
<latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit>

fake Y-domain 
samples ŷ

<latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit>

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Y-domain

 samples

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

fake X-domain 
samples x̂

<latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit>

dx(x)
<latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

real/fake

CyCaDa-GAN [Hoffman CVPR 2018] 
https://arxiv.org/pdf/1711.03213.pdf

https://arxiv.org/pdf/1711.03213.pdf


real/fake

real Y-domain 
samples y 2 Y

<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

dy(y)
<latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit><latexit sha1_base64="aYgBI62p7Rzb9REBnPbTnhnaV+Y="></latexit>

gx(x)
<latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit><latexit sha1_base64="v8TT2vdhrisZlfdTd+9KE/23Yps="></latexit>

gy(y)
<latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit><latexit sha1_base64="Lk1fHR8Ie6OOYzdGywPa8KTVbK8="></latexit>

fake Y-domain 
samples ŷ

<latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit><latexit sha1_base64="IY5zlrSUYVWzIjHnXjUeBP2Aa9w="></latexit>

y 2 Y
<latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit><latexit sha1_base64="2UYIowmPa203neSZiXmLUFM+lqg="></latexit>

real Y-domain

 samples

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

fake X-domain 
samples x̂

<latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit><latexit sha1_base64="0Hm5DBmraNhCvXw3YgfcrahDLmE="></latexit>

dx(x)
<latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit><latexit sha1_base64="bsSqoaGpGbijr8o49jDiFm9YXKM="></latexit>

x 2 X
<latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit><latexit sha1_base64="yROTYn19S5xrjJenENntuPRzduY="></latexit>

real X-domain  
samples 

real/fake

CyCaDa-GAN [Hoffman CVPR 2018] 
https://arxiv.org/pdf/1711.03213.pdf

semantic  
consistency  

loss

https://arxiv.org/pdf/1711.03213.pdf


CyCaDa-GAN [Hoffman CVPR 2018] 
https://arxiv.org/pdf/1711.03213.pdf

• Semantic consistency enforce transformation to be semantically consistent

house numbers MNIST

https://arxiv.org/pdf/1711.03213.pdf


Diffusion models

sciencing.com

https://sciencing.com/happens-food-coloring-cold-water-8253853.html


Diffusion models
[Hu NeuriPS 2020]

If noise is small the backward step has also “almost” gaussian distribution

=> learn de-noising networks through L2-norm

Markov chain of diffusion steps in which we slowly and randomly add noise t

Reverse of the diffusion process to generate original data from the noise



Diffusion networks



Super resolution
input output

v7labs.com

https://www.v7labs.com/blog/neural-style-transfer


Inpainting

[Repaint, CVPR 2022]
https://openaccess.thecvf.com/content/CVPR2022/papers/Lugmayr_RePaint_Inpainting_Using_Denoising_Diffusion_Probabilistic_Models_CVPR_2022_paper.pdf



Inpainting

[Repaint, CVPR 2022]
https://openaccess.thecvf.com/content/CVPR2022/papers/Lugmayr_RePaint_Inpainting_Using_Denoising_Diffusion_Probabilistic_Models_CVPR_2022_paper.pdf



Domain transfer/Stylization 

v7labs.com

https://www.v7labs.com/blog/neural-style-transfer


Description driven image manipulations

Brooks, Tim, Aleksander Holynski, and Alexei A. Efros. "Instructpix2pix: Learning to follow image editing instructions." 
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.



Measuring quality of generated images???

Comparing mean + std on inception v3 in the final layer with real images



Data bias
input output

For the last in this course: How is it?



Data bias
input output

For the last in this course: How is it?


