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AutoEncoder

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Features
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• We only have reconstruction loss
• No constraint is applied to the embedded representation
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Variational AutoEncoder

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

d(x, x̂)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reconstruction Error
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

p(z)

<latexit sha1_base64="Jg0IYHXyA79peb6y/rVGvCZmnmQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlx9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHgUeN5Q==</latexit>

DKL(q�(z|x) k p(z))

<latexit sha1_base64="sjF2veY4T+917gVxGdM4rMed4f8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVooZQZqeiyqAtBFxXsAzplyKSZNjTzMMmI7Tg/4cZfceNCEbeCO//GTNuFth4IHM65l5tznJBRIQ3jW8ssLC4tr2RXc2vrG5tb+vZOQwQRx6SOAxbwloMEYdQndUklI62QE+Q5jDSdwVnqN+8IFzTwb+QwJB0P9XzqUoykkmy9ZHlI9h03Pk/s+PIqKdzaVtinhdHDfRFaJatBuLRKMCyMikVo63mjbIwB54k5JXkwRc3Wv6xugCOP+BIzJETbNELZiRGXFDOS5KxIkBDhAeqRtqI+8ojoxONUCTxQShe6AVfPl3Cs/t6IkSfE0HPUZJpBzHqp+J/XjqR70ompH0aS+HhyyI0YlAFMK4JdygmWbKgIwpyqv0LcRxxhqYrMqRLM2cjzpHFYNivlo+tKvno6rSML9sA+KAATHIMquAA1UAcYPIJn8AretCftRXvXPiajGW26swv+QPv8ATJEnYg=</latexit>

p (x|z)

<latexit sha1_base64="/Oc2eydN7Cx+9IERwgGfgNubIlc=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevGIiXwkgKRbutDQ7TZtV8WV/+HFg8Z49b94899YYA8KvmSSl/dmMjPPl5xp47rfTmZpeWV1Lbue29jc2t7J7+7VdRQrQmsk4pFq+lhTzgStGWY4bUpFcehz2vCHlxO/cUeVZpG4MSNJOyHuCxYwgo2VbmW3LTUrPqAn9HiMuvmCW3KnQIvES0kBUlS7+a92LyJxSIUhHGvd8lxpOglWhhFOx7l2rKnEZIj7tGWpwCHVnWR69RgdWaWHgkjZEgZN1d8TCQ61HoW+7QyxGeh5byL+57ViE5x3EiZkbKggs0VBzJGJ0CQC1GOKEsNHlmCimL0VkQFWmBgbVM6G4M2/vEjqJyWvXDq9LhcqF2kcWTiAQyiCB2dQgSuoQg0IKHiGV3hz7p0X5935mLVmnHRmH/7A+fwBKMCRpA==</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Reconstruction loss + KL loss
• Constraint for embedded representation: close to prior
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Some Observations

• Both approaches depend on how well you extract data
• MLE-based training
• With help from a constraint, new data can be generated
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What about no feature extraction?

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>Raw Data

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• What if we get rid of Encode part from data, i.e. we are left with
generation only noise space
• Recall: We need to tune the noise.
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Problem with No Encoder

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>Raw Data

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• ELBO = Eqφ(z|x))[log p(x|z)]−DKL(qφ(z|x)‖p(z))
• We don’t have q(z|x)→ no base distribution to optimize against
• All we have: data (x ∼ p(x)) to tune Decoder
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Replace Encoder with a Component

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

How to “tune”
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

them close?
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Why don’t we try to have a critic to evaluate how well the
generator is?
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Outline

1 AutoEncoder: Review and Motivation

2 Minimax Game

3 Generative Adversarial Networks
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Requirements for Critic

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Critic
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

• It needs to make use of raw data, the only resource we have.
• Like Encoder, it should be able to extract features from data (of

course, normally with a NN)
◦ But only for a much simpler task: binary classification

◦ So it looks like we have shifted Encoder from front to back
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Requirements for Critic

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Critic
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

• It needs to make use of raw data, the only resource we have.
• Like Encoder, it should be able to extract features from data (of

course, normally with a NN)
◦ But only for a much simpler task: binary classification
◦ So it looks like we have shifted Encoder from front to back
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Requirements for Critic

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Critic
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

• Binary classification: isn’t it too simple?
• Not quite, if we include a feedback loop, in that

◦ Assume Critic is strict, and perfect, and constantly gives “feedback”
◦ Generator uses feedback to get better overtime
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Call them Generator and Discriminator

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

GENERATOR
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DISCRIMINATOR
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

easy, fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

confusing
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

but still fake<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

hmm, not sure
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

maybe real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

let me criticize
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

• Binary classification: isn’t it too simple?
• Not quite, if we include a feedback loop, in that

◦ Assume Critic is strict, and effective, and constantly gives
“feedback”

◦ Generator uses feedback to get better overtime
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We call the feedback process is a game

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

GENERATOR
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DISCRIMINATOR
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

easy, fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

confusing
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

but still fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

hmm, not sure
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

maybe real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

let me criticize
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

• Generator tries to fool the Discriminator
• Discriminator tries not to be fooled by Generator
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Feedback to Discriminator?

p (x|z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

GENERATOR
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DISCRIMINATOR
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

easy, fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

confusing
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

but still fake<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

hmm, not sure
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

maybe real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

let me criticize
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Trainer
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

you’re fooled
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

refine yourself!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• For sure we need! It’s a NN and thus needs training
• As generator is better, discriminator has to be better too
• So both end up in a state where generated images are hard to

classify
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Let’s formulate

• Data x, Noise z, Generator G, Discriminator D

◦ Real data: x ∼ p(x)
◦ Generated (fake) data: x̂ ∼ p(z) = Gψ(z)
◦ Discriminator classify Dθ(a) with input a

• Discriminator to, at the same time, maximize:
◦ to tune Dθ(x) close to 1,
◦ and Dθ(Gψ(z)) close to 0

• Generator, conversely, wants to minimize Dθ(Gψ(z)) to 1
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It’s called a MiniMax Game

• Discriminator to maximize:
◦ to tune Dθ(x) close to 1: Ex∼p(x) log Dθ(x)
◦ and Dθ(Gψ(z)) close to 0: Ez∼p(z) log Dθ(Gψ(z))

• Rewrite Discriminator:

max
θ

[Ex∼p(x) log Dθ(x) + Ez∼p(z) log(1−Dθ(Gψ(z))] (1)

• Generator: tries to minimize that term:

min
ψ

[Ex∼p(x) log Dθ(x) + Ez∼p(z) log(1−Dθ(Gψ(z))] (2)

= min
ψ

Ez∼p(z) log(1−Dθ(Gψ(z))] (3)
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Outline

1 AutoEncoder: Review and Motivation

2 Minimax Game

3 Generative Adversarial Networks
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GAN1: We have two networks

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>G

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

D
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• A Generator: to fool a Discriminator
• A Discriminator: to play against Generator, hence “adversarial”

1
https://papers.nips.cc/paper/5423-generative-adversarial-nets.pdf
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Objective for Training

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>G
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

D
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>p(z)

<latexit sha1_base64="IXNARYy9V5jAPJaCYF7Cl8iKyMg=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxIp1GXRjcsK9gFtKJPJTTt0Mgkzk0IN/RM3LhRx65+482+cpllo64ELh3PunTv3+AlnSjvOt7WxubW9s1vaK+8fHB4d2yenHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetP7hZ+dwpSsVg86lkCXkRGgoWMEm2koW0P8jcyCcG8nFSfroZ2xak5OfA6cQtSQQVaQ/trEMQ0jUBoyolSfddJtJcRqRnlMC8PUgUJoRMygr6hgkSgvCzfOseXRglwGEtTQuNc/T2RkUipWeSbzojosVr1FuJ/Xj/V4Y2XMZGkGgRdLgpTjnWMFzHggEmgms8MIVQy81dMx0QSqk1YZROCu3ryOulc19x6rfFQrzRvizhK6BxdoCpyUQM10T1qoTaiaIqe0St6szLrxXq3PpatG1Yxc4b+wPr8AQsCk0g=</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Objective of a minimax game between G and D:

min
ψ

max
θ

[Ex∼p(x) log Dθ(x) + Ez∼p(z) log(1−Dθ(Gψ(z))] (4)

• We alternate in that:
◦ Make G constant, let D maximize the objective
◦ Make D constant, let G minimize the objective
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Some notes about objective

• Objective of a minimax game between G and D:

min
ψ

max
θ

[Ex∼p(x) log Dθ(x) + Ez∼p(z) log(1−Dθ(Gψ(z))]

• For a fixed G, the optimal discriminator D is:

D∗(x) = pd(x)
pd(x) + pg(x) (5)

• At the optimal D∗, the objective of G is equivalent to:

C(G) = − log(4) + DKL

(
pd‖

pd + pg
2

)
+ DKL

(
pg‖

pd + pg
2

)
(6)

= − log(4) + 2 DJS(pd‖pg) (7)

• So the global optimum happens when pg == pd.
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Backprop and Batching

• Empirical expectation for gradient of Dθ:
∇θ 1

m

∑m
i=1[log Dθ(x(i)) + log(1−Dθ(Gψ(z(i))))]

• Empirical expectation for gradient of Gψ:
∇ψ 1

m

∑m
i=1[log(1−Dθ(Gψ(z(i))))]

• Batching for Dθ: half real and half fake.
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GAN vs. Likelihood-based Generation

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Adversarial
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

MSE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• MLE: blurry, seems to have the average effect
• GAN: sharp, seems to directly maximize the real-like generation
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High-resolution Image Generation
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