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Generative adversarial networks(GAN)
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Generator (G)

Noise (   )z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

Real/Fake

Discriminator (D)

Minimax game between G and D



Conditional GAN(CGAN)
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Noise (   )z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

Real Cat vs/Fake Cat

Input Label 
( Cat ) Generator (G) Discriminator (D)

Minimax game between G and D



Auxiliary Classifier Conditional GAN(AC-GAN)
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Generator (G)

Noise (   )z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

Real vs/Fake

Discriminator (D)
Input Label 

( Cat )

Classifier (C)

Output Label
( Cat )Minimax game between G and D

Auxiliary classifier C



Apple

Fish

Tree

Motorcycle

Mountain

Low diversity Tends toward mode collapse

Issues with AC-GAN
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CIFAR100

Imagenet1000
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1D Mixture of Gaussian

True Distribution Estimated Distribution by AC-GAN
(PX)

<latexit sha1_base64="q+aoW/evF86+PO2QbLSAyfHLtpE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT0WvXisYGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoaj25n/+IRK80Q+mHGKQUwHkkecUWMlv9rstc975Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate8y5q9fvLSuMmj6MIJ3AKVfDgChpwB03wgQGHZ3iFN0c6L86787FoLTj5zDH8gfP5A9Fnjgg=</latexit>

(QX)
<latexit sha1_base64="6PMEbKT3woBpZQ6mGVIbOsCfOX0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevEIiQsksCHd0oWGtrtpuyZkw2/w4kFjvPqDvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyf3c7zxRpVksH800oYHAI8kiRrCxkl9tDbqXg3LFrbkLoHXi5aQCOZqD8ld/GJNUUGkIx1r3PDcxQYaVYYTTWamfappgMsEj2rNUYkF1kC2OnaELqwxRFCtb0qCF+nsiw0LrqQhtp8BmrFe9ufif10tNdBtkTCapoZIsF0UpRyZG88/RkClKDJ9agoli9lZExlhhYmw+JRuCt/ryOmnXa95Vrd66rjTu8jiKcAbnUAUPbqABD9AEHwgweIZXeHOk8+K8Ox/L1oKTz5zCHzifP9Lujgk=</latexit>



AC-GAN: Density Matching Point of View
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data distribution

estimated distribution

P
<latexit sha1_base64="s/exqeaXa47KUfqvjKRaIZRa+aU=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNT+3BXdOOyBfuAdpBMmmljM5khyQhl6Be4caGIWz/JnX9j+hBU9EDgcM655N4TJJwp7Tgf1srq2vrGZm4rv72zu7dfODhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScYX838zj2VisXiRk8S6kd4KFjICNZGajZuC0XHdmqVUq2CHNtzneqFZ0jZK5c8F7m2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6rPkZE0mqqSCLj8KUIx2j2dVowCQlmk8MwUQysysiIywx0aabvCnh61L0P2l7tluy3eZ5sX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEQVo0d</latexit>

Q
<latexit sha1_base64="x4BK2VgOpXHSkC8FBu7BJjsRKFs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSIcst6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPjwVXmpAPK7OxubW9k93N7e0fHB7lj0/aKkokgxaLRCS7PlUgeAgtzbWAbiyBBr6Ajj+9Xvide5CKR+GtnsXgBXQc8hFnVBup2RzkC8QulhzXJZjYbpmQSs0QUquWykXs2GSJAlqjMci/94cRSwIINRNUqZ5DYu2lVGrOBMxz/URBTNmUjqFnaEgDUF66PHSOL4wyxKNImgo1XqrfJ1IaKDULfNMZUD1Rv72F+JfXS/So6qU8jBMNIVstGiUC6wgvvsZDLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pF20nZLtNN1C/WodRxadoXN0iRxUQXV0gxqohRgC9ICe0LN1Zz1aL9brqjVjrWdO0Q9Yb58OCo0c</latexit>

XY
<latexit sha1_base64="EBy45Qk2sUIZo/T8IjVOh4eaNzg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffuxV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfOqd3dRqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD2LkjUI=</latexit>

joint



AC-GAN: Density Matching Point of View
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data

estimated

P
<latexit sha1_base64="s/exqeaXa47KUfqvjKRaIZRa+aU=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNT+3BXdOOyBfuAdpBMmmljM5khyQhl6Be4caGIWz/JnX9j+hBU9EDgcM655N4TJJwp7Tgf1srq2vrGZm4rv72zu7dfODhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScYX838zj2VisXiRk8S6kd4KFjICNZGajZuC0XHdmqVUq2CHNtzneqFZ0jZK5c8F7m2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6rPkZE0mqqSCLj8KUIx2j2dVowCQlmk8MwUQysysiIywx0aabvCnh61L0P2l7tluy3eZ5sX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEQVo0d</latexit>

Q
<latexit sha1_base64="x4BK2VgOpXHSkC8FBu7BJjsRKFs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSIcst6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPjwVXmpAPK7OxubW9k93N7e0fHB7lj0/aKkokgxaLRCS7PlUgeAgtzbWAbiyBBr6Ajj+9Xvide5CKR+GtnsXgBXQc8hFnVBup2RzkC8QulhzXJZjYbpmQSs0QUquWykXs2GSJAlqjMci/94cRSwIINRNUqZ5DYu2lVGrOBMxz/URBTNmUjqFnaEgDUF66PHSOL4wyxKNImgo1XqrfJ1IaKDULfNMZUD1Rv72F+JfXS/So6qU8jBMNIVstGiUC6wgvvsZDLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pF20nZLtNN1C/WodRxadoXN0iRxUQXV0gxqohRgC9ICe0LN1Zz1aL9brqjVjrWdO0Q9Yb58OCo0c</latexit>

XY
<latexit sha1_base64="EBy45Qk2sUIZo/T8IjVOh4eaNzg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffuxV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfOqd3dRqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD2LkjUI=</latexit>

joint

X
<latexit sha1_base64="8qOjKVUOV3WtxLlf9fJ/ZGLVadQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtrWM3w==</latexit>

data

Y |X
<latexit sha1_base64="dAdtkaf8MKyPz11odEQxhtSVUts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkgbyma7aZduNmF3IpTYn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HweuI3H7k2Ilb3OEq4H9G+EqFgFK109/DU6pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fjY9dUyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk79JT2jOUI4soUwLeythA6opQ5tO0Ybgzb+8SBqnFe+s4t2el6tXeRwFOIQjOAEPLqAKN1CDOjDowzO8wpsjnRfn3fmYtS45+cwB/IHz+QNEn43I</latexit>

conditional

Y
<latexit sha1_base64="hetRNNmVqKWZen/S491Dadp4Pp4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/ZA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWrX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuDmM4A==</latexit>

label



AC-GAN: Density Matching Point of View
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JSD(PX , QX)
<latexit sha1_base64="Uybl/pSQlqgqAzbvu9tJlkjjaRA="></latexit>

data

estimated

P
<latexit sha1_base64="s/exqeaXa47KUfqvjKRaIZRa+aU=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNT+3BXdOOyBfuAdpBMmmljM5khyQhl6Be4caGIWz/JnX9j+hBU9EDgcM655N4TJJwp7Tgf1srq2vrGZm4rv72zu7dfODhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScYX838zj2VisXiRk8S6kd4KFjICNZGajZuC0XHdmqVUq2CHNtzneqFZ0jZK5c8F7m2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6rPkZE0mqqSCLj8KUIx2j2dVowCQlmk8MwUQysysiIywx0aabvCnh61L0P2l7tluy3eZ5sX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEQVo0d</latexit>

Q
<latexit sha1_base64="x4BK2VgOpXHSkC8FBu7BJjsRKFs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSIcst6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPjwVXmpAPK7OxubW9k93N7e0fHB7lj0/aKkokgxaLRCS7PlUgeAgtzbWAbiyBBr6Ajj+9Xvide5CKR+GtnsXgBXQc8hFnVBup2RzkC8QulhzXJZjYbpmQSs0QUquWykXs2GSJAlqjMci/94cRSwIINRNUqZ5DYu2lVGrOBMxz/URBTNmUjqFnaEgDUF66PHSOL4wyxKNImgo1XqrfJ1IaKDULfNMZUD1Rv72F+JfXS/So6qU8jBMNIVstGiUC6wgvvsZDLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pF20nZLtNN1C/WodRxadoXN0iRxUQXV0gxqohRgC9ICe0LN1Zz1aL9brqjVjrWdO0Q9Yb58OCo0c</latexit>

XY
<latexit sha1_base64="EBy45Qk2sUIZo/T8IjVOh4eaNzg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffuxV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfOqd3dRqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD2LkjUI=</latexit>

joint

X
<latexit sha1_base64="8qOjKVUOV3WtxLlf9fJ/ZGLVadQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtrWM3w==</latexit>

data

Y |X
<latexit sha1_base64="dAdtkaf8MKyPz11odEQxhtSVUts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkgbyma7aZduNmF3IpTYn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HweuI3H7k2Ilb3OEq4H9G+EqFgFK109/DU6pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fjY9dUyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk79JT2jOUI4soUwLeythA6opQ5tO0Ybgzb+8SBqnFe+s4t2el6tXeRwFOIQjOAEPLqAKN1CDOjDowzO8wpsjnRfn3fmYtS45+cwB/IHz+QNEn43I</latexit>

conditional

Y
<latexit sha1_base64="hetRNNmVqKWZen/S491Dadp4Pp4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/ZA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWrX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuDmM4A==</latexit>

label
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JSD(PX , QX)
<latexit sha1_base64="Uybl/pSQlqgqAzbvu9tJlkjjaRA="></latexit>

data

estimated

P
<latexit sha1_base64="s/exqeaXa47KUfqvjKRaIZRa+aU=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNT+3BXdOOyBfuAdpBMmmljM5khyQhl6Be4caGIWz/JnX9j+hBU9EDgcM655N4TJJwp7Tgf1srq2vrGZm4rv72zu7dfODhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScYX838zj2VisXiRk8S6kd4KFjICNZGajZuC0XHdmqVUq2CHNtzneqFZ0jZK5c8F7m2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6rPkZE0mqqSCLj8KUIx2j2dVowCQlmk8MwUQysysiIywx0aabvCnh61L0P2l7tluy3eZ5sX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEQVo0d</latexit>

Q
<latexit sha1_base64="x4BK2VgOpXHSkC8FBu7BJjsRKFs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSIcst6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPjwVXmpAPK7OxubW9k93N7e0fHB7lj0/aKkokgxaLRCS7PlUgeAgtzbWAbiyBBr6Ajj+9Xvide5CKR+GtnsXgBXQc8hFnVBup2RzkC8QulhzXJZjYbpmQSs0QUquWykXs2GSJAlqjMci/94cRSwIINRNUqZ5DYu2lVGrOBMxz/URBTNmUjqFnaEgDUF66PHSOL4wyxKNImgo1XqrfJ1IaKDULfNMZUD1Rv72F+JfXS/So6qU8jBMNIVstGiUC6wgvvsZDLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pF20nZLtNN1C/WodRxadoXN0iRxUQXV0gxqohRgC9ICe0LN1Zz1aL9brqjVjrWdO0Q9Yb58OCo0c</latexit>

XY
<latexit sha1_base64="EBy45Qk2sUIZo/T8IjVOh4eaNzg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffuxV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfOqd3dRqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD2LkjUI=</latexit>

joint

X
<latexit sha1_base64="8qOjKVUOV3WtxLlf9fJ/ZGLVadQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtrWM3w==</latexit>

data

Y |X
<latexit sha1_base64="dAdtkaf8MKyPz11odEQxhtSVUts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkgbyma7aZduNmF3IpTYn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HweuI3H7k2Ilb3OEq4H9G+EqFgFK109/DU6pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fjY9dUyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk79JT2jOUI4soUwLeythA6opQ5tO0Ybgzb+8SBqnFe+s4t2el6tXeRwFOIQjOAEPLqAKN1CDOjDowzO8wpsjnRfn3fmYtS45+cwB/IHz+QNEn43I</latexit>

conditional

Y
<latexit sha1_base64="hetRNNmVqKWZen/S491Dadp4Pp4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/ZA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWrX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuDmM4A==</latexit>

label



JSD(PX , QX)
<latexit sha1_base64="Uybl/pSQlqgqAzbvu9tJlkjjaRA="></latexit>

AC-GAN: Density Matching Point of View

H
(P

Y
|X
, Q
c
Y
|X
)

<latexit sha1_base64="oN5zt4OYpa08Lla5sc3ZNwvscr8=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLUEFKooIui266bMFepI1hMp22QyeTMDMRSpqFr+LGhSJufQ13vo3TNgtt/WHg4z/ncM78fsSoVLb9bSwtr6yurec28ptb2zu75t5+Q4axwKSOQxaKlo8kYZSTuqKKkVYkCAp8Rpr+8HZSbz4SIWnI79QoIm6A+pz2KEZKW555WClWveR+3ErPag8JTmd86pkFu2RPZS2Ck0EBMlU986vTDXEcEK4wQ1K2HTtSboKEopiRNN+JJYkQHqI+aWvkKCDSTab3p9aJdrpWLxT6cWVN3d8TCQqkHAW+7gyQGsj52sT8r9aOVe/aTSiPYkU4ni3qxcxSoTUJw+pSQbBiIw0IC6pvtfAACYSVjiyvQ3Dmv7wIjfOSc1FyapeF8k0WRw6O4BiK4MAVlKECVagDhjE8wyu8GU/Gi/FufMxal4xs5gD+yPj8AWDIlbE=</latexit>

KL(PY |X ||Qc
Y |X)

<latexit sha1_base64="q+9q9r2rM83dmAd67Vg+GWYFgJo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkKuiy6EbQRQv2IW0Mk+mkHTqZhJmJUNK48VfcuFDErX/hzr9x2mahrQcunDnnXube40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Bpdjv/lAhKQhv1XDiDgB6nHqU4yUllxz7/qmVHWTu1ErHY1q9wlOp48j1yxaZWsCOE/sjBRBhqprfnW6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbU05Coh0kskFKTzUShf6odDFFZyovycSFEg5DDzdGSDVl7PeWPzPa8fKP3cSyqNYEY6nH/kxgyqE4zhglwqCFRtqgrCgeleI+0ggrHRoBR2CPXvyPGkcl+2Tsl07LVYusjjyYB8cgBKwwRmogCtQBXWAwSN4Bq/gzXgyXox342PamjOymV3wB8bnD2yTluA=</latexit>

H(PY |X)
<latexit sha1_base64="xfLRd+RaFRpAGy2Y+7Ncg/XTa/k=">AAAB8XicdVDLTgJBEOz1ifhCPXqZSEzwQnYRFG5ELxwxkYcCIbPDABNmZzczsyZk5S+8eNAYr/6NN//GWVgTNVpJJ5Wq7nR3uQFnStv2h7W0vLK6tp7aSG9ube/sZvb2m8oPJaEN4nNftl2sKGeCNjTTnLYDSbHnctpyJ5ex37qjUjFfXOtpQHseHgk2ZARrI93WcvV+dHPfnp30M1k7XymXKqUzZOftOWJSrJTsAnISJQsJ6v3Me3fgk9CjQhOOleo4dqB7EZaaEU5n6W6oaIDJBI9ox1CBPap60fziGTo2ygANfWlKaDRXv09E2FNq6rmm08N6rH57sfiX1wn1sNyLmAhCTQVZLBqGHGkfxe+jAZOUaD41BBPJzK2IjLHERJuQ0iaEr0/R/6RZyDuneeeqmK1eJHGk4BCOIAcOnEMValCHBhAQ8ABP8Gwp69F6sV4XrUtWMnMAP2C9fQIYapCM</latexit>
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data

estimated

P
<latexit sha1_base64="s/exqeaXa47KUfqvjKRaIZRa+aU=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNT+3BXdOOyBfuAdpBMmmljM5khyQhl6Be4caGIWz/JnX9j+hBU9EDgcM655N4TJJwp7Tgf1srq2vrGZm4rv72zu7dfODhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScYX838zj2VisXiRk8S6kd4KFjICNZGajZuC0XHdmqVUq2CHNtzneqFZ0jZK5c8F7m2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6rPkZE0mqqSCLj8KUIx2j2dVowCQlmk8MwUQysysiIywx0aabvCnh61L0P2l7tluy3eZ5sX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEQVo0d</latexit>

Q
<latexit sha1_base64="x4BK2VgOpXHSkC8FBu7BJjsRKFs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSIcst6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPjwVXmpAPK7OxubW9k93N7e0fHB7lj0/aKkokgxaLRCS7PlUgeAgtzbWAbiyBBr6Ajj+9Xvide5CKR+GtnsXgBXQc8hFnVBup2RzkC8QulhzXJZjYbpmQSs0QUquWykXs2GSJAlqjMci/94cRSwIINRNUqZ5DYu2lVGrOBMxz/URBTNmUjqFnaEgDUF66PHSOL4wyxKNImgo1XqrfJ1IaKDULfNMZUD1Rv72F+JfXS/So6qU8jBMNIVstGiUC6wgvvsZDLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pF20nZLtNN1C/WodRxadoXN0iRxUQXV0gxqohRgC9ICe0LN1Zz1aL9brqjVjrWdO0Q9Yb58OCo0c</latexit>

XY
<latexit sha1_base64="EBy45Qk2sUIZo/T8IjVOh4eaNzg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffuxV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfOqd3dRqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD2LkjUI=</latexit>

joint

X
<latexit sha1_base64="8qOjKVUOV3WtxLlf9fJ/ZGLVadQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtrWM3w==</latexit>

data

Y |X
<latexit sha1_base64="dAdtkaf8MKyPz11odEQxhtSVUts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkgbyma7aZduNmF3IpTYn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HweuI3H7k2Ilb3OEq4H9G+EqFgFK109/DU6pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fjY9dUyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk79JT2jOUI4soUwLeythA6opQ5tO0Ybgzb+8SBqnFe+s4t2el6tXeRwFOIQjOAEPLqAKN1CDOjDowzO8wpsjnRfn3fmYtS45+cwB/IHz+QNEn43I</latexit>

conditional

Y
<latexit sha1_base64="hetRNNmVqKWZen/S491Dadp4Pp4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/ZA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWrX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuDmM4A==</latexit>

label

:Constant

⌘
<latexit sha1_base64="1M5tmE0P5SuCbPt3zvwbytBZYMI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokKuiy6cVnBPqAJZTK9aYdOJnEehRqCv+LGhSJu/Q93/o3TtAttPXDhcM69c+eeMGVUKtf9tpaWV1bX1ksb5c2t7Z1de2+/KRMtCDRIwhLRDrEERjk0FFUM2qkAHIcMWuHwZuK3RiAkTfi9GqcQxLjPaUQJVkbq2od+8UYWMg155sODpqO8a1fcqlvAWSTejFTQDPWu/eX3EqJj4IowLGXHc1MVZFgoShjkZV9LSDEZ4j50DOU4BhlkxebcOTFKz4kSYYorp1B/T2Q4lnIch6Yzxmog572J+J/X0Sq6CjLKU62Ak+miSDNHJc4kCqdHBRDFxoZgIqj5q0MGWGCiTGBlE4I3f/IiaZ5VvfOqd3dRqV3P4iihI3SMTpGHLlEN3aI6aiCCHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AcDMlg8=</latexit>



AC-GAN: Density Matching Point of View

JSD(PX , QX)
<latexit sha1_base64="Uybl/pSQlqgqAzbvu9tJlkjjaRA="></latexit>
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H
(P

Y
|X
, Q
c
Y
|X
)

<latexit sha1_base64="oN5zt4OYpa08Lla5sc3ZNwvscr8=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLUEFKooIui266bMFepI1hMp22QyeTMDMRSpqFr+LGhSJufQ13vo3TNgtt/WHg4z/ncM78fsSoVLb9bSwtr6yurec28ptb2zu75t5+Q4axwKSOQxaKlo8kYZSTuqKKkVYkCAp8Rpr+8HZSbz4SIWnI79QoIm6A+pz2KEZKW555WClWveR+3ErPag8JTmd86pkFu2RPZS2Ck0EBMlU986vTDXEcEK4wQ1K2HTtSboKEopiRNN+JJYkQHqI+aWvkKCDSTab3p9aJdrpWLxT6cWVN3d8TCQqkHAW+7gyQGsj52sT8r9aOVe/aTSiPYkU4ni3qxcxSoTUJw+pSQbBiIw0IC6pvtfAACYSVjiyvQ3Dmv7wIjfOSc1FyapeF8k0WRw6O4BiK4MAVlKECVagDhjE8wyu8GU/Gi/FufMxal4xs5gD+yPj8AWDIlbE=</latexit>

KL(QY |X ||Qc
Y |X)

<latexit sha1_base64="AdvW1iuK6cvRN2GQNc6s0Bb2r0k=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkKuiy6EbQRQv2IW0Mk+mkHTqZhJmJUNK48VfcuFDErX/hzr9x2mahrQcunDnnXube40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Bpdjv/lAhKQhv1XDiDgB6nHqU4yUllxz7/qmVHOTu1ErHY1q9wlOp48j1yxaZWsCOE/sjBRBhqprfnW6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbU05Coh0kskFKTzUShf6odDFFZyovycSFEg5DDzdGSDVl7PeWPzPa8fKP3cSyqNYEY6nH/kxgyqE4zhglwqCFRtqgrCgeleI+0ggrHRoBR2CPXvyPGkcl+2Tsl07LVYusjjyYB8cgBKwwRmogCtQBXWAwSN4Bq/gzXgyXox342PamjOymV3wB8bnD24rluE=</latexit>

H(QY |X)
<latexit sha1_base64="GnTc+I3Ot7H0ODvYil+MgQpsBBg=">AAAB8XicdVDLTsJAFJ3iC/GFunQzkZjgpmkRKOyIblhCIg+FhkyHASZMp83M1IRU/sKNC41x69+482+cAiZq9CQ3OTnn3tx7jxcyKpVlfRiptfWNza30dmZnd2//IHt41JZBJDBp4YAFoushSRjlpKWoYqQbCoJ8j5GON71K/M4dEZIG/FrNQuL6aMzpiGKktHRbzzcH8c19d34+yOYss1opF0oFaJmWXS46TkJKFbvqQNu0FsiBFRqD7Ht/GODIJ1xhhqTs2Vao3BgJRTEj80w/kiREeIrGpKcpRz6Rbry4eA7PtDKEo0Do4gou1O8TMfKlnPme7vSRmsjfXiL+5fUiNaq4MeVhpAjHy0WjiEEVwOR9OKSCYMVmmiAsqL4V4gkSCCsdUkaH8PUp/J+0C6Z9YdrNYq52uYojDU7AKcgDGzigBuqgAVoAAw4ewBN4NqTxaLwYr8vWlLGaOQY/YLx9Aj1NkKY=</latexit>

data

estimated

P
<latexit sha1_base64="s/exqeaXa47KUfqvjKRaIZRa+aU=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNT+3BXdOOyBfuAdpBMmmljM5khyQhl6Be4caGIWz/JnX9j+hBU9EDgcM655N4TJJwp7Tgf1srq2vrGZm4rv72zu7dfODhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScYX838zj2VisXiRk8S6kd4KFjICNZGajZuC0XHdmqVUq2CHNtzneqFZ0jZK5c8F7m2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6rPkZE0mqqSCLj8KUIx2j2dVowCQlmk8MwUQysysiIywx0aabvCnh61L0P2l7tluy3eZ5sX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEQVo0d</latexit>

Q
<latexit sha1_base64="x4BK2VgOpXHSkC8FBu7BJjsRKFs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSIcst6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPjwVXmpAPK7OxubW9k93N7e0fHB7lj0/aKkokgxaLRCS7PlUgeAgtzbWAbiyBBr6Ajj+9Xvide5CKR+GtnsXgBXQc8hFnVBup2RzkC8QulhzXJZjYbpmQSs0QUquWykXs2GSJAlqjMci/94cRSwIINRNUqZ5DYu2lVGrOBMxz/URBTNmUjqFnaEgDUF66PHSOL4wyxKNImgo1XqrfJ1IaKDULfNMZUD1Rv72F+JfXS/So6qU8jBMNIVstGiUC6wgvvsZDLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pF20nZLtNN1C/WodRxadoXN0iRxUQXV0gxqohRgC9ICe0LN1Zz1aL9brqjVjrWdO0Q9Yb58OCo0c</latexit>

XY
<latexit sha1_base64="EBy45Qk2sUIZo/T8IjVOh4eaNzg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffuxV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfOqd3dRqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD2LkjUI=</latexit>

joint

X
<latexit sha1_base64="8qOjKVUOV3WtxLlf9fJ/ZGLVadQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtrWM3w==</latexit>

data

Y |X
<latexit sha1_base64="dAdtkaf8MKyPz11odEQxhtSVUts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkgbyma7aZduNmF3IpTYn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HweuI3H7k2Ilb3OEq4H9G+EqFgFK109/DU6pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fjY9dUyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk79JT2jOUI4soUwLeythA6opQ5tO0Ybgzb+8SBqnFe+s4t2el6tXeRwFOIQjOAEPLqAKN1CDOjDowzO8wpsjnRfn3fmYtS45+cwB/IHz+QNEn43I</latexit>

conditional

Y
<latexit sha1_base64="hetRNNmVqKWZen/S491Dadp4Pp4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/ZA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWrX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuDmM4A==</latexit>

label

KL(PY |X ||Qc
Y |X)

<latexit sha1_base64="q+9q9r2rM83dmAd67Vg+GWYFgJo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkKuiy6EbQRQv2IW0Mk+mkHTqZhJmJUNK48VfcuFDErX/hzr9x2mahrQcunDnnXube40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Bpdjv/lAhKQhv1XDiDgB6nHqU4yUllxz7/qmVHWTu1ErHY1q9wlOp48j1yxaZWsCOE/sjBRBhqprfnW6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbU05Coh0kskFKTzUShf6odDFFZyovycSFEg5DDzdGSDVl7PeWPzPa8fKP3cSyqNYEY6nH/kxgyqE4zhglwqCFRtqgrCgeleI+0ggrHRoBR2CPXvyPGkcl+2Tsl07LVYusjjyYB8cgBKwwRmogCtQBXWAwSN4Bq/gzXgyXox342PamjOymV3wB8bnD2yTluA=</latexit>

H(PY |X)
<latexit sha1_base64="xfLRd+RaFRpAGy2Y+7Ncg/XTa/k=">AAAB8XicdVDLTgJBEOz1ifhCPXqZSEzwQnYRFG5ELxwxkYcCIbPDABNmZzczsyZk5S+8eNAYr/6NN//GWVgTNVpJJ5Wq7nR3uQFnStv2h7W0vLK6tp7aSG9ube/sZvb2m8oPJaEN4nNftl2sKGeCNjTTnLYDSbHnctpyJ5ex37qjUjFfXOtpQHseHgk2ZARrI93WcvV+dHPfnp30M1k7XymXKqUzZOftOWJSrJTsAnISJQsJ6v3Me3fgk9CjQhOOleo4dqB7EZaaEU5n6W6oaIDJBI9ox1CBPap60fziGTo2ygANfWlKaDRXv09E2FNq6rmm08N6rH57sfiX1wn1sNyLmAhCTQVZLBqGHGkfxe+jAZOUaD41BBPJzK2IjLHERJuQ0iaEr0/R/6RZyDuneeeqmK1eJHGk4BCOIAcOnEMValCHBhAQ8ABP8Gwp69F6sV4XrUtWMnMAP2C9fQIYapCM</latexit>

:Constant

: NOT Constant

⌘
<latexit sha1_base64="1M5tmE0P5SuCbPt3zvwbytBZYMI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokKuiy6cVnBPqAJZTK9aYdOJnEehRqCv+LGhSJu/Q93/o3TtAttPXDhcM69c+eeMGVUKtf9tpaWV1bX1ksb5c2t7Z1de2+/KRMtCDRIwhLRDrEERjk0FFUM2qkAHIcMWuHwZuK3RiAkTfi9GqcQxLjPaUQJVkbq2od+8UYWMg155sODpqO8a1fcqlvAWSTejFTQDPWu/eX3EqJj4IowLGXHc1MVZFgoShjkZV9LSDEZ4j50DOU4BhlkxebcOTFKz4kSYYorp1B/T2Q4lnIch6Yzxmog572J+J/X0Sq6CjLKU62Ak+miSDNHJc4kCqdHBRDFxoZgIqj5q0MGWGCiTGBlE4I3f/IiaZ5VvfOqd3dRqV3P4iihI3SMTpGHLlEN3aI6aiCCHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AcDMlg8=</latexit>

6⌘
<latexit sha1_base64="9wVwz9IsUC/zAmCqYq0qJkmpoR0=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU0GXRjcsK9gFNKJPpTTt0MhNnJoUS6sZfceNCEbf+hTv/xmmahbYeuHA45965c0+YMKq0635bS8srq2vrpY3y5tb2zq69t99UIpUEGkQwIdshVsAoh4ammkE7kYDjkEErHN5M/dYIpKKC3+txAkGM+5xGlGBtpK596OdvZCFLYZL5XGgfHlI6mnTtilt1cziLxCtIBRWod+0vvydIGgPXhGGlOp6b6CDDUlPCYFL2UwUJJkPch46hHMeggizfPnFOjNJzIiFNce3k6u+JDMdKjePQdMZYD9S8NxX/8zqpjq6CjPIk1cDJbFGUMkcLZxqH06MSiGZjQzCR1PzVIQMsMdEmtLIJwZs/eZE0z6reedW7u6jUros4SugIHaNT5KFLVEO3qI4aiKBH9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz8EXpfk</latexit>

H(Q
Y |X , Q c

Y |X )

<latexit sha1_base64="HasJd2gbJHDJ2PIT+ACV+j47b0c=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLUEFKooIui266bMFepI1hMp20QyeTMDMRStqFr+LGhSJufQ13vo3TNgtt/WHg4z/ncM78fsyoVLb9bSwtr6yurec28ptb2zu75t5+Q0aJwKSOIxaJlo8kYZSTuqKKkVYsCAp9Rpr+4HZSbz4SIWnE79QwJm6IepwGFCOlLc88rBRrXno/ao3Pag8pHs/41DMLdsmeyloEJ4MCZKp65lenG+EkJFxhhqRsO3as3BQJRTEj43wnkSRGeIB6pK2Ro5BIN53eP7ZOtNO1gkjox5U1dX9PpCiUchj6ujNEqi/naxPzv1o7UcG1m1IeJ4pwPFsUJMxSkTUJw+pSQbBiQw0IC6pvtXAfCYSVjiyvQ3Dmv7wIjfOSc1FyapeF8k0WRw6O4BiK4MAVlKECVagDhhE8wyu8GU/Gi/FufMxal4xs5gD+yPj8AWJflbI=</latexit>
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Conversion to a Min-Max Game

• If 𝑝(𝑌) is a uniform distribution, the following are equivalent:
oMaximizing 𝐻&(𝑌|𝑋)

Proposition:
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Conversion to a Min-Max Game

• If 𝑝(𝑌) is a uniform distribution, the following are equivalent:
oMaximizing 𝐻&(𝑌|𝑋)
oMinimizing 𝐼&(𝑋, 𝑌)

Proposition:
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Conversion to a Min-Max Game

• If 𝑝(𝑌) is a uniform distribution, the following are equivalent:
oMaximizing 𝐻&(𝑌|𝑋)
oMinimizing 𝐼&(𝑋, 𝑌)
oMinimizing   𝐽𝑆𝐷(𝑄/|012, 𝑄/|013,⋯ , 𝑄/|015)

Proposition:
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Conversion to a Min-Max Game

• If 𝑝(𝑌) is a uniform distribution, the following are equivalent:
oMaximizing 𝐻&(𝑌|𝑋)
oMinimizing 𝐼&(𝑋, 𝑌)
oMinimizing   𝐽𝑆𝐷(𝑄/|012, 𝑄/|013,⋯ , 𝑄/|015)

Proposition:

A Min-Max game can be 
introduced with a twin 
classifier! 
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Twin Classifier (CT)

Output label

Generator (G)

Noise (   )z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

Real vs/Fake

Discriminator (D)
Input Label 

( Cat )

Classifier (C)

Output Label
( Cat )

Twin Auxiliary Classifier Conditional GAN(TAC-GAN)

Minimax game between G and D
Auxiliary classifier C
Minimax game between G and CT
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Back to 1D Mixture of Gaussian

Our MethodTrue Distribution AC-GAN
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TA
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Bird

Spider

Dog

Better diversity



Poster #87

Comparison with

Projection GAN!
Quantitative results!

Twin Auxiliary Classifiers GAN (TAC-GAN)
20


