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Transforming Random Variables

• Suppose I have access to samples from             .


• But I want samples from               .      


• Let                        . If                     then                           .

N (0, 1)
<latexit sha1_base64="uH50qFHC1vtKNddmTFVkQrpLzSM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LbrqSCvYBbSiT6aQdOpmEmUkhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD4+6agokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn97nfndGpWKReNJpTL0QjwULGMHaSEPbHoRYTwjm2cO85ly5l0O76tSdBdA6cQtShQKtof01GEUkCanQhGOl+q4Tay/DUjPC6bwySBSNMZniMe0bKnBIlZctks/RhVFGKIikeUKjhfp7I8OhUmnom8k8p1r1cvE/r5/o4M7LmIgTTQVZHgoSjnSE8hrQiElKNE8NwUQykxWRCZaYaFNWxZTgrn55nXSu667hjzfVRrOoowxncA41cOEWGtCEFrSBwAye4RXerMx6sd6tj+VoySp2TuEPrM8fH2mSqw==</latexit><latexit sha1_base64="uH50qFHC1vtKNddmTFVkQrpLzSM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LbrqSCvYBbSiT6aQdOpmEmUkhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD4+6agokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn97nfndGpWKReNJpTL0QjwULGMHaSEPbHoRYTwjm2cO85ly5l0O76tSdBdA6cQtShQKtof01GEUkCanQhGOl+q4Tay/DUjPC6bwySBSNMZniMe0bKnBIlZctks/RhVFGKIikeUKjhfp7I8OhUmnom8k8p1r1cvE/r5/o4M7LmIgTTQVZHgoSjnSE8hrQiElKNE8NwUQykxWRCZaYaFNWxZTgrn55nXSu667hjzfVRrOoowxncA41cOEWGtCEFrSBwAye4RXerMx6sd6tj+VoySp2TuEPrM8fH2mSqw==</latexit><latexit sha1_base64="uH50qFHC1vtKNddmTFVkQrpLzSM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LbrqSCvYBbSiT6aQdOpmEmUkhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD4+6agokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn97nfndGpWKReNJpTL0QjwULGMHaSEPbHoRYTwjm2cO85ly5l0O76tSdBdA6cQtShQKtof01GEUkCanQhGOl+q4Tay/DUjPC6bwySBSNMZniMe0bKnBIlZctks/RhVFGKIikeUKjhfp7I8OhUmnom8k8p1r1cvE/r5/o4M7LmIgTTQVZHgoSjnSE8hrQiElKNE8NwUQykxWRCZaYaFNWxZTgrn55nXSu667hjzfVRrOoowxncA41cOEWGtCEFrSBwAye4RXerMx6sd6tj+VoySp2TuEPrM8fH2mSqw==</latexit><latexit sha1_base64="uH50qFHC1vtKNddmTFVkQrpLzSM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LbrqSCvYBbSiT6aQdOpmEmUkhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD4+6agokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn97nfndGpWKReNJpTL0QjwULGMHaSEPbHoRYTwjm2cO85ly5l0O76tSdBdA6cQtShQKtof01GEUkCanQhGOl+q4Tay/DUjPC6bwySBSNMZniMe0bKnBIlZctks/RhVFGKIikeUKjhfp7I8OhUmnom8k8p1r1cvE/r5/o4M7LmIgTTQVZHgoSjnSE8hrQiElKNE8NwUQykxWRCZaYaFNWxZTgrn55nXSu667hjzfVRrOoowxncA41cOEWGtCEFrSBwAye4RXerMx6sd6tj+VoySp2TuEPrM8fH2mSqw==</latexit>

N (µ,�2)
<latexit sha1_base64="yRc7kJaL9lkRcaxrpLgNdCYst/c=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoYKUmSLosuCmK6lgL9AZSybNtKFJZkgyQhmKG1/FjQtF3PoU7nwbM+0stPWHwMd/ziHn/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML7O6p0HIhWNxJ2exMTnaChoSDHSxurbRx5HeoQRS2+mFY8n556iQ47ua2d9u+xUnZngMrg5lEGuZt/+8gYRTjgRGjOkVM91Yu2nSGqKGZmWvESRGOExGpKeQYE4UX46O2EKT40zgGEkzRMaztzfEyniSk14YDqzhdViLTP/q/USHV75KRVxoonA84/ChEEdwSwPOKCSYM0mBhCW1OwK8QhJhLVJrWRCcBdPXoZ2reoavr0o1xt5HEVwDE5ABbjgEtRBAzRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDiraW3w==</latexit><latexit sha1_base64="yRc7kJaL9lkRcaxrpLgNdCYst/c=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoYKUmSLosuCmK6lgL9AZSybNtKFJZkgyQhmKG1/FjQtF3PoU7nwbM+0stPWHwMd/ziHn/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML7O6p0HIhWNxJ2exMTnaChoSDHSxurbRx5HeoQRS2+mFY8n556iQ47ua2d9u+xUnZngMrg5lEGuZt/+8gYRTjgRGjOkVM91Yu2nSGqKGZmWvESRGOExGpKeQYE4UX46O2EKT40zgGEkzRMaztzfEyniSk14YDqzhdViLTP/q/USHV75KRVxoonA84/ChEEdwSwPOKCSYM0mBhCW1OwK8QhJhLVJrWRCcBdPXoZ2reoavr0o1xt5HEVwDE5ABbjgEtRBAzRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDiraW3w==</latexit><latexit sha1_base64="yRc7kJaL9lkRcaxrpLgNdCYst/c=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoYKUmSLosuCmK6lgL9AZSybNtKFJZkgyQhmKG1/FjQtF3PoU7nwbM+0stPWHwMd/ziHn/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML7O6p0HIhWNxJ2exMTnaChoSDHSxurbRx5HeoQRS2+mFY8n556iQ47ua2d9u+xUnZngMrg5lEGuZt/+8gYRTjgRGjOkVM91Yu2nSGqKGZmWvESRGOExGpKeQYE4UX46O2EKT40zgGEkzRMaztzfEyniSk14YDqzhdViLTP/q/USHV75KRVxoonA84/ChEEdwSwPOKCSYM0mBhCW1OwK8QhJhLVJrWRCcBdPXoZ2reoavr0o1xt5HEVwDE5ABbjgEtRBAzRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDiraW3w==</latexit><latexit sha1_base64="yRc7kJaL9lkRcaxrpLgNdCYst/c=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoYKUmSLosuCmK6lgL9AZSybNtKFJZkgyQhmKG1/FjQtF3PoU7nwbM+0stPWHwMd/ziHn/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML7O6p0HIhWNxJ2exMTnaChoSDHSxurbRx5HeoQRS2+mFY8n556iQ47ua2d9u+xUnZngMrg5lEGuZt/+8gYRTjgRGjOkVM91Yu2nSGqKGZmWvESRGOExGpKeQYE4UX46O2EKT40zgGEkzRMaztzfEyniSk14YDqzhdViLTP/q/USHV75KRVxoonA84/ChEEdwSwPOKCSYM0mBhCW1OwK8QhJhLVJrWRCcBdPXoZ2reoavr0o1xt5HEVwDE5ABbjgEtRBAzRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDiraW3w==</latexit>

" ⇠ N (0, 1)
<latexit sha1_base64="OO5Rffcg9zIVp/v1oRCKwbLMj1A=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUGXBTddSQV7gc5QMmnahuYyJJlCGbp246u4caGIW5/AnW9jpp2FVn8IfPznHHLOH8WMauN5X05hZXVtfaO4Wdra3tndc/cPWlomCpMmlkyqToQ0YVSQpqGGkU6sCOIRI+1ofJPV2xOiNJXi3kxjEnI0FHRAMTLW6rnHwQQpEmvKpICBphwGHJkRRiy9nVW8c/+s55a9qjcX/At+DmWQq9FzP4O+xAknwmCGtO76XmzCFClDMSOzUpBoEiM8RkPStSgQJzpM56fM4Kl1+nAglX3CwLn7cyJFXOspj2xntqdermXmf7VuYgbXYUpFnBgi8OKjQcKgkTDLBfapItiwqQWEFbW7QjxCCmFj0yvZEPzlk/9C66LqW767LNfqeRxFcAROQAX44ArUQB00QBNg8ACewAt4dR6dZ+fNeV+0Fpx85hD8kvPxDRffmdk=</latexit><latexit sha1_base64="OO5Rffcg9zIVp/v1oRCKwbLMj1A=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUGXBTddSQV7gc5QMmnahuYyJJlCGbp246u4caGIW5/AnW9jpp2FVn8IfPznHHLOH8WMauN5X05hZXVtfaO4Wdra3tndc/cPWlomCpMmlkyqToQ0YVSQpqGGkU6sCOIRI+1ofJPV2xOiNJXi3kxjEnI0FHRAMTLW6rnHwQQpEmvKpICBphwGHJkRRiy9nVW8c/+s55a9qjcX/At+DmWQq9FzP4O+xAknwmCGtO76XmzCFClDMSOzUpBoEiM8RkPStSgQJzpM56fM4Kl1+nAglX3CwLn7cyJFXOspj2xntqdermXmf7VuYgbXYUpFnBgi8OKjQcKgkTDLBfapItiwqQWEFbW7QjxCCmFj0yvZEPzlk/9C66LqW767LNfqeRxFcAROQAX44ArUQB00QBNg8ACewAt4dR6dZ+fNeV+0Fpx85hD8kvPxDRffmdk=</latexit><latexit sha1_base64="OO5Rffcg9zIVp/v1oRCKwbLMj1A=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUGXBTddSQV7gc5QMmnahuYyJJlCGbp246u4caGIW5/AnW9jpp2FVn8IfPznHHLOH8WMauN5X05hZXVtfaO4Wdra3tndc/cPWlomCpMmlkyqToQ0YVSQpqGGkU6sCOIRI+1ofJPV2xOiNJXi3kxjEnI0FHRAMTLW6rnHwQQpEmvKpICBphwGHJkRRiy9nVW8c/+s55a9qjcX/At+DmWQq9FzP4O+xAknwmCGtO76XmzCFClDMSOzUpBoEiM8RkPStSgQJzpM56fM4Kl1+nAglX3CwLn7cyJFXOspj2xntqdermXmf7VuYgbXYUpFnBgi8OKjQcKgkTDLBfapItiwqQWEFbW7QjxCCmFj0yvZEPzlk/9C66LqW767LNfqeRxFcAROQAX44ArUQB00QBNg8ACewAt4dR6dZ+fNeV+0Fpx85hD8kvPxDRffmdk=</latexit><latexit sha1_base64="OO5Rffcg9zIVp/v1oRCKwbLMj1A=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUGXBTddSQV7gc5QMmnahuYyJJlCGbp246u4caGIW5/AnW9jpp2FVn8IfPznHHLOH8WMauN5X05hZXVtfaO4Wdra3tndc/cPWlomCpMmlkyqToQ0YVSQpqGGkU6sCOIRI+1ofJPV2xOiNJXi3kxjEnI0FHRAMTLW6rnHwQQpEmvKpICBphwGHJkRRiy9nVW8c/+s55a9qjcX/At+DmWQq9FzP4O+xAknwmCGtO76XmzCFClDMSOzUpBoEiM8RkPStSgQJzpM56fM4Kl1+nAglX3CwLn7cyJFXOspj2xntqdermXmf7VuYgbXYUpFnBgi8OKjQcKgkTDLBfapItiwqQWEFbW7QjxCCmFj0yvZEPzlk/9C66LqW767LNfqeRxFcAROQAX44ArUQB00QBNg8ACewAt4dR6dZ+fNeV+0Fpx85hD8kvPxDRffmdk=</latexit>

g(x) = µ+ �x
<latexit sha1_base64="S+yZnhr2fypz5A437H8jQiXGoog=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFqAglEUE3QsFNlxXsBZpQJtNJOnQmCTMTaQkFX8WNC0Xc+hzufBunl4W2/jDw8Z9zOGf+IOVMacf5tlZW19Y3Ngtbxe2d3b19++CwqZJMEtogCU9kO8CKchbThmaa03YqKRYBp61gcDeptx6pVCyJH/Qopb7AUcxCRrA2Vtc+jsrDc3SLPJGhC+QpFgmMhl275FScqdAyuHMowVz1rv3l9RKSCRprwrFSHddJtZ9jqRnhdFz0MkVTTAY4oh2DMRZU+fn0/DE6M04PhYk0L9Zo6v6eyLFQaiQC0ymw7qvF2sT8r9bJdHjj5yxOM01jMlsUZhzpBE2yQD0mKdF8ZAATycytiPSxxESbxIomBHfxy8vQvKy4hu+vStXaPI4CnMAplMGFa6hCDerQAAI5PMMrvFlP1ov1bn3MWles+cwR/JH1+QNrrZPe</latexit><latexit sha1_base64="S+yZnhr2fypz5A437H8jQiXGoog=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFqAglEUE3QsFNlxXsBZpQJtNJOnQmCTMTaQkFX8WNC0Xc+hzufBunl4W2/jDw8Z9zOGf+IOVMacf5tlZW19Y3Ngtbxe2d3b19++CwqZJMEtogCU9kO8CKchbThmaa03YqKRYBp61gcDeptx6pVCyJH/Qopb7AUcxCRrA2Vtc+jsrDc3SLPJGhC+QpFgmMhl275FScqdAyuHMowVz1rv3l9RKSCRprwrFSHddJtZ9jqRnhdFz0MkVTTAY4oh2DMRZU+fn0/DE6M04PhYk0L9Zo6v6eyLFQaiQC0ymw7qvF2sT8r9bJdHjj5yxOM01jMlsUZhzpBE2yQD0mKdF8ZAATycytiPSxxESbxIomBHfxy8vQvKy4hu+vStXaPI4CnMAplMGFa6hCDerQAAI5PMMrvFlP1ov1bn3MWles+cwR/JH1+QNrrZPe</latexit><latexit sha1_base64="S+yZnhr2fypz5A437H8jQiXGoog=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFqAglEUE3QsFNlxXsBZpQJtNJOnQmCTMTaQkFX8WNC0Xc+hzufBunl4W2/jDw8Z9zOGf+IOVMacf5tlZW19Y3Ngtbxe2d3b19++CwqZJMEtogCU9kO8CKchbThmaa03YqKRYBp61gcDeptx6pVCyJH/Qopb7AUcxCRrA2Vtc+jsrDc3SLPJGhC+QpFgmMhl275FScqdAyuHMowVz1rv3l9RKSCRprwrFSHddJtZ9jqRnhdFz0MkVTTAY4oh2DMRZU+fn0/DE6M04PhYk0L9Zo6v6eyLFQaiQC0ymw7qvF2sT8r9bJdHjj5yxOM01jMlsUZhzpBE2yQD0mKdF8ZAATycytiPSxxESbxIomBHfxy8vQvKy4hu+vStXaPI4CnMAplMGFa6hCDerQAAI5PMMrvFlP1ov1bn3MWles+cwR/JH1+QNrrZPe</latexit><latexit sha1_base64="S+yZnhr2fypz5A437H8jQiXGoog=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFqAglEUE3QsFNlxXsBZpQJtNJOnQmCTMTaQkFX8WNC0Xc+hzufBunl4W2/jDw8Z9zOGf+IOVMacf5tlZW19Y3Ngtbxe2d3b19++CwqZJMEtogCU9kO8CKchbThmaa03YqKRYBp61gcDeptx6pVCyJH/Qopb7AUcxCRrA2Vtc+jsrDc3SLPJGhC+QpFgmMhl275FScqdAyuHMowVz1rv3l9RKSCRprwrFSHddJtZ9jqRnhdFz0MkVTTAY4oh2DMRZU+fn0/DE6M04PhYk0L9Zo6v6eyLFQaiQC0ymw7qvF2sT8r9bJdHjj5yxOM01jMlsUZhzpBE2yQD0mKdF8ZAATycytiPSxxESbxIomBHfxy8vQvKy4hu+vStXaPI4CnMAplMGFa6hCDerQAAI5PMMrvFlP1ov1bn3MWles+cwR/JH1+QNrrZPe</latexit>

g(") ⇠ N (µ,�2)
<latexit sha1_base64="53QUplUwPrcmPYVGVZyTYEoyvT0=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAILWiZKYIuC266kgr2Ap1azqRpG5pkhiRTKEOfwo2v4saFIm7FnW9jello6w+Bj/+cQ875g4gzbVz320mtrW9sbqW3Mzu7e/sH2cOjug5jRWiNhDxUzQA05UzSmmGG02akKIiA00YwvJnWGyOqNAvlvRlHtC2gL1mPETDW6mQv+nl/BIpGmvFQFrCvmcC+ADMgwJPbSd4X8bk1+wIeSoVONucW3ZnwKngLyKGFqp3sl98NSSyoNISD1i3PjUw7AWUY4XSS8WNNIyBD6NOWRQmC6nYyO2uCz6zTxb1Q2ScNnrm/JxIQWo9FYDunC+vl2tT8r9aKTe+6nTAZxYZKMv+oF3NsQjzNCHeZosTwsQUgitldMRmAAmJskhkbgrd88irUS0XP8t1lrlxZxJFGJ+gU5ZGHrlAZVVAV1RBBj+gZvaI358l5cd6dj3lrylnMHKM/cj5/AGgHnuM=</latexit><latexit sha1_base64="53QUplUwPrcmPYVGVZyTYEoyvT0=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAILWiZKYIuC266kgr2Ap1azqRpG5pkhiRTKEOfwo2v4saFIm7FnW9jello6w+Bj/+cQ875g4gzbVz320mtrW9sbqW3Mzu7e/sH2cOjug5jRWiNhDxUzQA05UzSmmGG02akKIiA00YwvJnWGyOqNAvlvRlHtC2gL1mPETDW6mQv+nl/BIpGmvFQFrCvmcC+ADMgwJPbSd4X8bk1+wIeSoVONucW3ZnwKngLyKGFqp3sl98NSSyoNISD1i3PjUw7AWUY4XSS8WNNIyBD6NOWRQmC6nYyO2uCz6zTxb1Q2ScNnrm/JxIQWo9FYDunC+vl2tT8r9aKTe+6nTAZxYZKMv+oF3NsQjzNCHeZosTwsQUgitldMRmAAmJskhkbgrd88irUS0XP8t1lrlxZxJFGJ+gU5ZGHrlAZVVAV1RBBj+gZvaI358l5cd6dj3lrylnMHKM/cj5/AGgHnuM=</latexit><latexit sha1_base64="53QUplUwPrcmPYVGVZyTYEoyvT0=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAILWiZKYIuC266kgr2Ap1azqRpG5pkhiRTKEOfwo2v4saFIm7FnW9jello6w+Bj/+cQ875g4gzbVz320mtrW9sbqW3Mzu7e/sH2cOjug5jRWiNhDxUzQA05UzSmmGG02akKIiA00YwvJnWGyOqNAvlvRlHtC2gL1mPETDW6mQv+nl/BIpGmvFQFrCvmcC+ADMgwJPbSd4X8bk1+wIeSoVONucW3ZnwKngLyKGFqp3sl98NSSyoNISD1i3PjUw7AWUY4XSS8WNNIyBD6NOWRQmC6nYyO2uCz6zTxb1Q2ScNnrm/JxIQWo9FYDunC+vl2tT8r9aKTe+6nTAZxYZKMv+oF3NsQjzNCHeZosTwsQUgitldMRmAAmJskhkbgrd88irUS0XP8t1lrlxZxJFGJ+gU5ZGHrlAZVVAV1RBBj+gZvaI358l5cd6dj3lrylnMHKM/cj5/AGgHnuM=</latexit><latexit sha1_base64="53QUplUwPrcmPYVGVZyTYEoyvT0=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAILWiZKYIuC266kgr2Ap1azqRpG5pkhiRTKEOfwo2v4saFIm7FnW9jello6w+Bj/+cQ875g4gzbVz320mtrW9sbqW3Mzu7e/sH2cOjug5jRWiNhDxUzQA05UzSmmGG02akKIiA00YwvJnWGyOqNAvlvRlHtC2gL1mPETDW6mQv+nl/BIpGmvFQFrCvmcC+ADMgwJPbSd4X8bk1+wIeSoVONucW3ZnwKngLyKGFqp3sl98NSSyoNISD1i3PjUw7AWUY4XSS8WNNIyBD6NOWRQmC6nYyO2uCz6zTxb1Q2ScNnrm/JxIQWo9FYDunC+vl2tT8r9aKTe+6nTAZxYZKMv+oF3NsQjzNCHeZosTwsQUgitldMRmAAmJskhkbgrd88irUS0XP8t1lrlxZxJFGJ+gU5ZGHrlAZVVAV1RBBj+gZvaI358l5cd6dj3lrylnMHKM/cj5/AGgHnuM=</latexit>



Inverse Transform Sampling

• I have samples from                        . I want samples with CDF    .


• Define the inverse CDF by


•  If                               , then              is distributed according to   . 

F�1(u) = inf{x : F (x) � u}.
<latexit sha1_base64="sNAIWjyrAVWUOkpwdarS4+wL9ZQ=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV2oUlEUERhIJQuqxgL9DEMplO2qGTSZyZSEvIC7jxVdy4UMSte3e+jdPLQlt/GPj4zzmcOb8XMSqVZX0bmaXlldW17HpuY3Nre8fc3WvIMBaY1HHIQtHykCSMclJXVDHSigRBgcdI0xtcj+vNByIkDfmtGkXEDVCPU59ipLTVMY8qd8mJnRbiIryCDuW+kwzhJawUhkXo9Mg9jJ201DHzVsmaCC6CPYM8mKnWMb+cbojjgHCFGZKybVuRchMkFMWMpDknliRCeIB6pK2Ro4BIN5lck8Jj7XShHwr9uIIT9/dEggIpR4GnOwOk+nK+Njb/q7Vj5V+4CeVRrAjH00V+zKAK4Tga2KWCYMVGGhAWVP8V4j4SCCsdYE6HYM+fvAiN05Kt+eYsX67O4siCA3AICsAG56AMqqAG6gCDR/AMXsGb8WS8GO/Gx7Q1Y8xm9sEfGZ8/K6KZHA==</latexit><latexit sha1_base64="sNAIWjyrAVWUOkpwdarS4+wL9ZQ=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV2oUlEUERhIJQuqxgL9DEMplO2qGTSZyZSEvIC7jxVdy4UMSte3e+jdPLQlt/GPj4zzmcOb8XMSqVZX0bmaXlldW17HpuY3Nre8fc3WvIMBaY1HHIQtHykCSMclJXVDHSigRBgcdI0xtcj+vNByIkDfmtGkXEDVCPU59ipLTVMY8qd8mJnRbiIryCDuW+kwzhJawUhkXo9Mg9jJ201DHzVsmaCC6CPYM8mKnWMb+cbojjgHCFGZKybVuRchMkFMWMpDknliRCeIB6pK2Ro4BIN5lck8Jj7XShHwr9uIIT9/dEggIpR4GnOwOk+nK+Njb/q7Vj5V+4CeVRrAjH00V+zKAK4Tga2KWCYMVGGhAWVP8V4j4SCCsdYE6HYM+fvAiN05Kt+eYsX67O4siCA3AICsAG56AMqqAG6gCDR/AMXsGb8WS8GO/Gx7Q1Y8xm9sEfGZ8/K6KZHA==</latexit><latexit sha1_base64="sNAIWjyrAVWUOkpwdarS4+wL9ZQ=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV2oUlEUERhIJQuqxgL9DEMplO2qGTSZyZSEvIC7jxVdy4UMSte3e+jdPLQlt/GPj4zzmcOb8XMSqVZX0bmaXlldW17HpuY3Nre8fc3WvIMBaY1HHIQtHykCSMclJXVDHSigRBgcdI0xtcj+vNByIkDfmtGkXEDVCPU59ipLTVMY8qd8mJnRbiIryCDuW+kwzhJawUhkXo9Mg9jJ201DHzVsmaCC6CPYM8mKnWMb+cbojjgHCFGZKybVuRchMkFMWMpDknliRCeIB6pK2Ro4BIN5lck8Jj7XShHwr9uIIT9/dEggIpR4GnOwOk+nK+Njb/q7Vj5V+4CeVRrAjH00V+zKAK4Tga2KWCYMVGGhAWVP8V4j4SCCsdYE6HYM+fvAiN05Kt+eYsX67O4siCA3AICsAG56AMqqAG6gCDR/AMXsGb8WS8GO/Gx7Q1Y8xm9sEfGZ8/K6KZHA==</latexit><latexit sha1_base64="sNAIWjyrAVWUOkpwdarS4+wL9ZQ=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV2oUlEUERhIJQuqxgL9DEMplO2qGTSZyZSEvIC7jxVdy4UMSte3e+jdPLQlt/GPj4zzmcOb8XMSqVZX0bmaXlldW17HpuY3Nre8fc3WvIMBaY1HHIQtHykCSMclJXVDHSigRBgcdI0xtcj+vNByIkDfmtGkXEDVCPU59ipLTVMY8qd8mJnRbiIryCDuW+kwzhJawUhkXo9Mg9jJ201DHzVsmaCC6CPYM8mKnWMb+cbojjgHCFGZKybVuRchMkFMWMpDknliRCeIB6pK2Ro4BIN5lck8Jj7XShHwr9uIIT9/dEggIpR4GnOwOk+nK+Njb/q7Vj5V+4CeVRrAjH00V+zKAK4Tga2KWCYMVGGhAWVP8V4j4SCCsdYE6HYM+fvAiN05Kt+eYsX67O4siCA3AICsAG56AMqqAG6gCDR/AMXsGb8WS8GO/Gx7Q1Y8xm9sEfGZ8/K6KZHA==</latexit>

u ⇠ Uniform([0, 1])
<latexit sha1_base64="PcWkjxnCfUjygoOQ//nN+jsS1xA=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQwWoYKURARdFtx0WcG0hSaUyXTaDp1JwsyNWEI3bnwVNy4Uces7uPNtnLZZaOuFgY9z7uXOPWEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NRxqijzaCxi1Q6JZoJHzAMOgrUTxYgMBWuFo5up37pnSvM4uoNxwgJJBhHvc0rASF37OMW+5hL7wB4g84wVKzmpdJxzNzjr2mWn6swKL4ObQxnl1ejaX34vpqlkEVBBtO64TgJBRhRwKtik5KeaJYSOyIB1DEZEMh1ksysm+NQoPWz2mxcBnqm/JzIitR7L0HRKAkO96E3F/7xOCv3rIONRkgKL6HxRPxUYYjyNBPe4YhTE2AChipu/YjokilAwwZVMCO7iycvQvKi6hm8vy7V6HkcRHaETVEEuukI1VEcN5CGKHtEzekVv1pP1Yr1bH/PWgpXPHKI/ZX3+ACYVl7I=</latexit><latexit sha1_base64="PcWkjxnCfUjygoOQ//nN+jsS1xA=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQwWoYKURARdFtx0WcG0hSaUyXTaDp1JwsyNWEI3bnwVNy4Uces7uPNtnLZZaOuFgY9z7uXOPWEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NRxqijzaCxi1Q6JZoJHzAMOgrUTxYgMBWuFo5up37pnSvM4uoNxwgJJBhHvc0rASF37OMW+5hL7wB4g84wVKzmpdJxzNzjr2mWn6swKL4ObQxnl1ejaX34vpqlkEVBBtO64TgJBRhRwKtik5KeaJYSOyIB1DEZEMh1ksysm+NQoPWz2mxcBnqm/JzIitR7L0HRKAkO96E3F/7xOCv3rIONRkgKL6HxRPxUYYjyNBPe4YhTE2AChipu/YjokilAwwZVMCO7iycvQvKi6hm8vy7V6HkcRHaETVEEuukI1VEcN5CGKHtEzekVv1pP1Yr1bH/PWgpXPHKI/ZX3+ACYVl7I=</latexit><latexit sha1_base64="PcWkjxnCfUjygoOQ//nN+jsS1xA=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQwWoYKURARdFtx0WcG0hSaUyXTaDp1JwsyNWEI3bnwVNy4Uces7uPNtnLZZaOuFgY9z7uXOPWEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NRxqijzaCxi1Q6JZoJHzAMOgrUTxYgMBWuFo5up37pnSvM4uoNxwgJJBhHvc0rASF37OMW+5hL7wB4g84wVKzmpdJxzNzjr2mWn6swKL4ObQxnl1ejaX34vpqlkEVBBtO64TgJBRhRwKtik5KeaJYSOyIB1DEZEMh1ksysm+NQoPWz2mxcBnqm/JzIitR7L0HRKAkO96E3F/7xOCv3rIONRkgKL6HxRPxUYYjyNBPe4YhTE2AChipu/YjokilAwwZVMCO7iycvQvKi6hm8vy7V6HkcRHaETVEEuukI1VEcN5CGKHtEzekVv1pP1Yr1bH/PWgpXPHKI/ZX3+ACYVl7I=</latexit><latexit sha1_base64="PcWkjxnCfUjygoOQ//nN+jsS1xA=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQwWoYKURARdFtx0WcG0hSaUyXTaDp1JwsyNWEI3bnwVNy4Uces7uPNtnLZZaOuFgY9z7uXOPWEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NRxqijzaCxi1Q6JZoJHzAMOgrUTxYgMBWuFo5up37pnSvM4uoNxwgJJBhHvc0rASF37OMW+5hL7wB4g84wVKzmpdJxzNzjr2mWn6swKL4ObQxnl1ejaX34vpqlkEVBBtO64TgJBRhRwKtik5KeaJYSOyIB1DEZEMh1ksysm+NQoPWz2mxcBnqm/JzIitR7L0HRKAkO96E3F/7xOCv3rIONRkgKL6HxRPxUYYjyNBPe4YhTE2AChipu/YjokilAwwZVMCO7iycvQvKi6hm8vy7V6HkcRHaETVEEuukI1VEcN5CGKHtEzekVv1pP1Yr1bH/PWgpXPHKI/ZX3+ACYVl7I=</latexit>

Uniform([0, 1])
<latexit sha1_base64="EuTFs4t21ngpSWm+jbuHUgRa7Hs=">AAAB/nicbZDNSgMxFIUz9a/Wv6q4chMsQgUpMyLosuCmywpOLUyHkknTNjTJDMkdsQwFX8WNC0Xc+hzufBvTdhbaeiDwce693JsTJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aJk41ZT6NRazbETFMcMV84CBYO9GMyEiw+2h0M63fPzBteKzuYJywUJKB4n1OCVirWz7qAHuEzLderOWkGrjnXnjWLVfcmjsTXgYvhwrK1eyWvzq9mKaSKaCCGBN4bgJhRjRwKtik1EkNSwgdkQELLCoimQmz2fkTfGqdHrb77VOAZ+7viYxIY8Yysp2SwNAs1qbmf7Ughf51mHGVpMAUnS/qpwJDjKdZ4B7XjIIYWyBUc3srpkOiCQWbWMmG4C1+eRlaFzXP8u1lpd7I4yiiY3SCqshDV6iOGqiJfERRhp7RK3pznpwX5935mLcWnHzmEP2R8/kDWEOVEg==</latexit><latexit sha1_base64="EuTFs4t21ngpSWm+jbuHUgRa7Hs=">AAAB/nicbZDNSgMxFIUz9a/Wv6q4chMsQgUpMyLosuCmywpOLUyHkknTNjTJDMkdsQwFX8WNC0Xc+hzufBvTdhbaeiDwce693JsTJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aJk41ZT6NRazbETFMcMV84CBYO9GMyEiw+2h0M63fPzBteKzuYJywUJKB4n1OCVirWz7qAHuEzLderOWkGrjnXnjWLVfcmjsTXgYvhwrK1eyWvzq9mKaSKaCCGBN4bgJhRjRwKtik1EkNSwgdkQELLCoimQmz2fkTfGqdHrb77VOAZ+7viYxIY8Yysp2SwNAs1qbmf7Ughf51mHGVpMAUnS/qpwJDjKdZ4B7XjIIYWyBUc3srpkOiCQWbWMmG4C1+eRlaFzXP8u1lpd7I4yiiY3SCqshDV6iOGqiJfERRhp7RK3pznpwX5935mLcWnHzmEP2R8/kDWEOVEg==</latexit><latexit sha1_base64="EuTFs4t21ngpSWm+jbuHUgRa7Hs=">AAAB/nicbZDNSgMxFIUz9a/Wv6q4chMsQgUpMyLosuCmywpOLUyHkknTNjTJDMkdsQwFX8WNC0Xc+hzufBvTdhbaeiDwce693JsTJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aJk41ZT6NRazbETFMcMV84CBYO9GMyEiw+2h0M63fPzBteKzuYJywUJKB4n1OCVirWz7qAHuEzLderOWkGrjnXnjWLVfcmjsTXgYvhwrK1eyWvzq9mKaSKaCCGBN4bgJhRjRwKtik1EkNSwgdkQELLCoimQmz2fkTfGqdHrb77VOAZ+7viYxIY8Yysp2SwNAs1qbmf7Ughf51mHGVpMAUnS/qpwJDjKdZ4B7XjIIYWyBUc3srpkOiCQWbWMmG4C1+eRlaFzXP8u1lpd7I4yiiY3SCqshDV6iOGqiJfERRhp7RK3pznpwX5935mLcWnHzmEP2R8/kDWEOVEg==</latexit><latexit sha1_base64="EuTFs4t21ngpSWm+jbuHUgRa7Hs=">AAAB/nicbZDNSgMxFIUz9a/Wv6q4chMsQgUpMyLosuCmywpOLUyHkknTNjTJDMkdsQwFX8WNC0Xc+hzufBvTdhbaeiDwce693JsTJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aJk41ZT6NRazbETFMcMV84CBYO9GMyEiw+2h0M63fPzBteKzuYJywUJKB4n1OCVirWz7qAHuEzLderOWkGrjnXnjWLVfcmjsTXgYvhwrK1eyWvzq9mKaSKaCCGBN4bgJhRjRwKtik1EkNSwgdkQELLCoimQmz2fkTfGqdHrb77VOAZ+7viYxIY8Yysp2SwNAs1qbmf7Ughf51mHGVpMAUnS/qpwJDjKdZ4B7XjIIYWyBUc3srpkOiCQWbWMmG4C1+eRlaFzXP8u1lpd7I4yiiY3SCqshDV6iOGqiJfERRhp7RK3pznpwX5935mLcWnHzmEP2R8/kDWEOVEg==</latexit>

F
<latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit><latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit><latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit><latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit>

F�1(u)
<latexit sha1_base64="f4Rmvx3PFagTcd2J/rQR+JzIYjc=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlpgi6LAjSZQV7kXYsmTTThiaZIckIZehTuHGhiFsfx51vY9rOQlt/CHz85xxyzh/EnGnjut9Obm19Y3Mrv13Y2d3bPygeHrV0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsY3s3r7iSrNInlvJjH1BR5KFjKCjbUebh/TC29aTs77xZJbcedCq+BlUIJMjX7xqzeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWpRYUO2n84Wn6Mw6AxRGyj5p0Nz9PZFiofVEBLZTYDPSy7WZ+V+tm5jw2k+ZjBNDJVl8FCYcmQjNrkcDpigxfGIBE8XsroiMsMLE2IwKNgRv+eRVaFUrnuW7y1KtnsWRhxM4hTJ4cAU1qEMDmkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AGQUY+a</latexit><latexit sha1_base64="f4Rmvx3PFagTcd2J/rQR+JzIYjc=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlpgi6LAjSZQV7kXYsmTTThiaZIckIZehTuHGhiFsfx51vY9rOQlt/CHz85xxyzh/EnGnjut9Obm19Y3Mrv13Y2d3bPygeHrV0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsY3s3r7iSrNInlvJjH1BR5KFjKCjbUebh/TC29aTs77xZJbcedCq+BlUIJMjX7xqzeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWpRYUO2n84Wn6Mw6AxRGyj5p0Nz9PZFiofVEBLZTYDPSy7WZ+V+tm5jw2k+ZjBNDJVl8FCYcmQjNrkcDpigxfGIBE8XsroiMsMLE2IwKNgRv+eRVaFUrnuW7y1KtnsWRhxM4hTJ4cAU1qEMDmkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AGQUY+a</latexit><latexit sha1_base64="f4Rmvx3PFagTcd2J/rQR+JzIYjc=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlpgi6LAjSZQV7kXYsmTTThiaZIckIZehTuHGhiFsfx51vY9rOQlt/CHz85xxyzh/EnGnjut9Obm19Y3Mrv13Y2d3bPygeHrV0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsY3s3r7iSrNInlvJjH1BR5KFjKCjbUebh/TC29aTs77xZJbcedCq+BlUIJMjX7xqzeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWpRYUO2n84Wn6Mw6AxRGyj5p0Nz9PZFiofVEBLZTYDPSy7WZ+V+tm5jw2k+ZjBNDJVl8FCYcmQjNrkcDpigxfGIBE8XsroiMsMLE2IwKNgRv+eRVaFUrnuW7y1KtnsWRhxM4hTJ4cAU1qEMDmkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AGQUY+a</latexit><latexit sha1_base64="f4Rmvx3PFagTcd2J/rQR+JzIYjc=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlpgi6LAjSZQV7kXYsmTTThiaZIckIZehTuHGhiFsfx51vY9rOQlt/CHz85xxyzh/EnGnjut9Obm19Y3Mrv13Y2d3bPygeHrV0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsY3s3r7iSrNInlvJjH1BR5KFjKCjbUebh/TC29aTs77xZJbcedCq+BlUIJMjX7xqzeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWpRYUO2n84Wn6Mw6AxRGyj5p0Nz9PZFiofVEBLZTYDPSy7WZ+V+tm5jw2k+ZjBNDJVl8FCYcmQjNrkcDpigxfGIBE8XsroiMsMLE2IwKNgRv+eRVaFUrnuW7y1KtnsWRhxM4hTJ4cAU1qEMDmkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AGQUY+a</latexit>

F
<latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit><latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit><latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit><latexit sha1_base64="3Aabky3VO/dEBAjOqzSmnoJfhQY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYEKTHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs37QbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPUzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7U6nkcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/kfP4AnEGM0A==</latexit>



The Idea Behind GAN’s

• I have access to samples from a simple distribution     on space    .


• I want samples from some complicated distribution     on space    .


• Learn a function                   such that, if          , then              .  

q
<latexit sha1_base64="5tIQs+NXzX1shvNYSP6eL9oP3MU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drOJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNY3ptpgn5ER5KHnFFjrebjoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A3W2M+w==</latexit><latexit sha1_base64="5tIQs+NXzX1shvNYSP6eL9oP3MU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drOJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNY3ptpgn5ER5KHnFFjrebjoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A3W2M+w==</latexit><latexit sha1_base64="5tIQs+NXzX1shvNYSP6eL9oP3MU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drOJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNY3ptpgn5ER5KHnFFjrebjoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A3W2M+w==</latexit><latexit sha1_base64="5tIQs+NXzX1shvNYSP6eL9oP3MU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drOJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNY3ptpgn5ER5KHnFFjrebjoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A3W2M+w==</latexit>

p
<latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit><latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit><latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit><latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit>

Z
<latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit><latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit><latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit><latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit>

X
<latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit>

g : Z ! X
<latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit><latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit><latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit><latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit>

g(z) ⇠ p
<latexit sha1_base64="GjfUrm0A1banMljKeXoaN4PnxeA=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBlwU2XFewFpkPJpGkbmsuQnBHq0Mdw40IRtz6NO9/GtJ2Ftv4Q+PjPOeScP04Et+D7315hY3Nre6e4W9rbPzg8Kh+ftK1ODWUtqoU23ZhYJrhiLeAgWDcxjMhYsE48uZvXO4/MWK7VA0wTFkkyUnzIKQFnhaPq0yXuWS5x0i9X/Jq/EF6HIIcKytXsl796A01TyRRQQawNAz+BKCMGOBVsVuqlliWETsiIhQ4VkcxG2WLlGb5wzgAPtXFPAV64vycyIq2dyth1SgJju1qbm//VwhSGt1HGVZICU3T50TAVGDSe348H3DAKYuqAUMPdrpiOiSEUXEolF0KwevI6tK9qgeP760q9kcdRRGfoHFVRgG5QHTVQE7UQRRo9o1f05oH34r17H8vWgpfPnKI/8j5/AA1akHU=</latexit><latexit sha1_base64="GjfUrm0A1banMljKeXoaN4PnxeA=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBlwU2XFewFpkPJpGkbmsuQnBHq0Mdw40IRtz6NO9/GtJ2Ftv4Q+PjPOeScP04Et+D7315hY3Nre6e4W9rbPzg8Kh+ftK1ODWUtqoU23ZhYJrhiLeAgWDcxjMhYsE48uZvXO4/MWK7VA0wTFkkyUnzIKQFnhaPq0yXuWS5x0i9X/Jq/EF6HIIcKytXsl796A01TyRRQQawNAz+BKCMGOBVsVuqlliWETsiIhQ4VkcxG2WLlGb5wzgAPtXFPAV64vycyIq2dyth1SgJju1qbm//VwhSGt1HGVZICU3T50TAVGDSe348H3DAKYuqAUMPdrpiOiSEUXEolF0KwevI6tK9qgeP760q9kcdRRGfoHFVRgG5QHTVQE7UQRRo9o1f05oH34r17H8vWgpfPnKI/8j5/AA1akHU=</latexit><latexit sha1_base64="GjfUrm0A1banMljKeXoaN4PnxeA=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBlwU2XFewFpkPJpGkbmsuQnBHq0Mdw40IRtz6NO9/GtJ2Ftv4Q+PjPOeScP04Et+D7315hY3Nre6e4W9rbPzg8Kh+ftK1ODWUtqoU23ZhYJrhiLeAgWDcxjMhYsE48uZvXO4/MWK7VA0wTFkkyUnzIKQFnhaPq0yXuWS5x0i9X/Jq/EF6HIIcKytXsl796A01TyRRQQawNAz+BKCMGOBVsVuqlliWETsiIhQ4VkcxG2WLlGb5wzgAPtXFPAV64vycyIq2dyth1SgJju1qbm//VwhSGt1HGVZICU3T50TAVGDSe348H3DAKYuqAUMPdrpiOiSEUXEolF0KwevI6tK9qgeP760q9kcdRRGfoHFVRgG5QHTVQE7UQRRo9o1f05oH34r17H8vWgpfPnKI/8j5/AA1akHU=</latexit><latexit sha1_base64="GjfUrm0A1banMljKeXoaN4PnxeA=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBlwU2XFewFpkPJpGkbmsuQnBHq0Mdw40IRtz6NO9/GtJ2Ftv4Q+PjPOeScP04Et+D7315hY3Nre6e4W9rbPzg8Kh+ftK1ODWUtqoU23ZhYJrhiLeAgWDcxjMhYsE48uZvXO4/MWK7VA0wTFkkyUnzIKQFnhaPq0yXuWS5x0i9X/Jq/EF6HIIcKytXsl796A01TyRRQQawNAz+BKCMGOBVsVuqlliWETsiIhQ4VkcxG2WLlGb5wzgAPtXFPAV64vycyIq2dyth1SgJju1qbm//VwhSGt1HGVZICU3T50TAVGDSe348H3DAKYuqAUMPdrpiOiSEUXEolF0KwevI6tK9qgeP760q9kcdRRGfoHFVRgG5QHTVQE7UQRRo9o1f05oH34r17H8vWgpfPnKI/8j5/AA1akHU=</latexit>

z ⇠ ⇢
<latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit><latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit><latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit><latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit>
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Pushforward Distributions

• Given a distribution    on    ,                   induces a distribution on    . 


• For any set            ,                                  . 


•

X
<latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit>

g : Z ! X
<latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit><latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit><latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit><latexit sha1_base64="fyUKlAstuPfLpE6bv0NOpS9q+Zk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIRFFcFN11WsA9sQplMJ+3QySTMTIQSunTjr7hxoYhbP8Gdf+OkDaitBwbOnHMv994TJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MrnO/fU+lYrG41eOE+hEeCBYygrWRevbRAF0hL8J6SDDP7ibI0/HPvzPp2RWn6kyBFolbkAoUaPTsT68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/mx4yQSdG6aMwluYJjabq744MR0qNo8BU5iuqeS8X//O6qQ4v/YyJJNVUkNmgMOXIHJungvpMUqL52BBMJDO7IjLEEhNtsiubENz5kxdJ66zqGn5zXqnVizhKcAjHcAouXEAN6tCAJhB4gCd4gVfr0Xq23qz3WemSVfQcwB9YH9/3ZplV</latexit>

Z
<latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit><latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit><latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit><latexit sha1_base64="y/aqj+JdpWVaVI4AR1nZAhckhtY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw02UF+8A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQDzhIWxGQsecQpQSv1BzHBCSUie5wPqzWv7i3grhO/IDUo0BpWvwYjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0SeuxdWGbmR0vZJdBfq742MxMbM4tBO5hHNqpeL/3n9FKPbIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15HXSuar7lt9f1xrNoo4ynME5XIIPN9CAJrSgDRQUPMMrvDnovDjvzsdytOQUO6fwB87nD5gbkXY=</latexit>

A ⇢ X
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Pr(A) ⌘ Pr(g�1(A))
<latexit sha1_base64="0hY1gMmXKGMpIGz3F0pid/V3JbQ=">AAACEXicbZDJSgNBEIZ7XGPcRj16aQxCcjDMiKDHiJccI5gFkhh6OpWkSc9id00wDHkFL76KFw+KePXmzbexs4CaWNDw8f9VVNfvRVJodJwva2l5ZXVtPbWR3tza3tm19/YrOowVhzIPZahqHtMgRQBlFCihFilgvieh6vWvxn51AEqLMLjBYQRNn3UD0RGcoZFadraBcI9JSY2ylznagLtYDOiP1r1NTtyxlWvZGSfvTIougjuDDJlVqWV/Ntohj30IkEumdd11ImwmTKHgEkbpRqwhYrzPulA3GDAfdDOZXDSix0Zp006ozAuQTtTfEwnztR76nun0Gfb0vDcW//PqMXYumokIohgh4NNFnVhSDOk4HtoWCjjKoQHGlTB/pbzHFONoQkybENz5kxehcpp3DV+fZQrFWRwpckiOSJa45JwUSJGUSJlw8kCeyAt5tR6tZ+vNep+2LlmzmQPyp6yPb79anE0=</latexit><latexit sha1_base64="0hY1gMmXKGMpIGz3F0pid/V3JbQ=">AAACEXicbZDJSgNBEIZ7XGPcRj16aQxCcjDMiKDHiJccI5gFkhh6OpWkSc9id00wDHkFL76KFw+KePXmzbexs4CaWNDw8f9VVNfvRVJodJwva2l5ZXVtPbWR3tza3tm19/YrOowVhzIPZahqHtMgRQBlFCihFilgvieh6vWvxn51AEqLMLjBYQRNn3UD0RGcoZFadraBcI9JSY2ylznagLtYDOiP1r1NTtyxlWvZGSfvTIougjuDDJlVqWV/Ntohj30IkEumdd11ImwmTKHgEkbpRqwhYrzPulA3GDAfdDOZXDSix0Zp006ozAuQTtTfEwnztR76nun0Gfb0vDcW//PqMXYumokIohgh4NNFnVhSDOk4HtoWCjjKoQHGlTB/pbzHFONoQkybENz5kxehcpp3DV+fZQrFWRwpckiOSJa45JwUSJGUSJlw8kCeyAt5tR6tZ+vNep+2LlmzmQPyp6yPb79anE0=</latexit><latexit sha1_base64="0hY1gMmXKGMpIGz3F0pid/V3JbQ=">AAACEXicbZDJSgNBEIZ7XGPcRj16aQxCcjDMiKDHiJccI5gFkhh6OpWkSc9id00wDHkFL76KFw+KePXmzbexs4CaWNDw8f9VVNfvRVJodJwva2l5ZXVtPbWR3tza3tm19/YrOowVhzIPZahqHtMgRQBlFCihFilgvieh6vWvxn51AEqLMLjBYQRNn3UD0RGcoZFadraBcI9JSY2ylznagLtYDOiP1r1NTtyxlWvZGSfvTIougjuDDJlVqWV/Ntohj30IkEumdd11ImwmTKHgEkbpRqwhYrzPulA3GDAfdDOZXDSix0Zp006ozAuQTtTfEwnztR76nun0Gfb0vDcW//PqMXYumokIohgh4NNFnVhSDOk4HtoWCjjKoQHGlTB/pbzHFONoQkybENz5kxehcpp3DV+fZQrFWRwpckiOSJa45JwUSJGUSJlw8kCeyAt5tR6tZ+vNep+2LlmzmQPyp6yPb79anE0=</latexit><latexit sha1_base64="0hY1gMmXKGMpIGz3F0pid/V3JbQ=">AAACEXicbZDJSgNBEIZ7XGPcRj16aQxCcjDMiKDHiJccI5gFkhh6OpWkSc9id00wDHkFL76KFw+KePXmzbexs4CaWNDw8f9VVNfvRVJodJwva2l5ZXVtPbWR3tza3tm19/YrOowVhzIPZahqHtMgRQBlFCihFilgvieh6vWvxn51AEqLMLjBYQRNn3UD0RGcoZFadraBcI9JSY2ylznagLtYDOiP1r1NTtyxlWvZGSfvTIougjuDDJlVqWV/Ntohj30IkEumdd11ImwmTKHgEkbpRqwhYrzPulA3GDAfdDOZXDSix0Zp006ozAuQTtTfEwnztR76nun0Gfb0vDcW//PqMXYumokIohgh4NNFnVhSDOk4HtoWCjjKoQHGlTB/pbzHFONoQkybENz5kxehcpp3DV+fZQrFWRwpckiOSJa45JwUSJGUSJlw8kCeyAt5tR6tZ+vNep+2LlmzmQPyp6yPb79anE0=</latexit>

⇢
<latexit sha1_base64="7OCKZjsxwKou9nBzJ7MVsL/gAcc=">AAAB63icbZDLSsNAFIZPvNZ6q7p0M1gEVyURQZcFN11WsBdoQ5lMJ83QuYSZiVBCX8GNC0Xc+kLufBsnbRba+sPAx3/OYc75o5QzY33/29vY3Nre2a3sVfcPDo+OayenXaMyTWiHKK50P8KGciZpxzLLaT/VFIuI0140vS/qvSeqDVPy0c5SGgo8kSxmBNvCGupEjWp1v+EvhNYhKKEOpdqj2tdwrEgmqLSEY2MGgZ/aMMfaMsLpvDrMDE0xmeIJHTiUWFAT5otd5+jSOWMUK+2etGjh/p7IsTBmJiLXKbBNzGqtMP+rDTIb34U5k2lmqSTLj+KMI6tQcTgaM02J5TMHmGjmdkUkwRoT6+KpuhCC1ZPXoXvdCBw/3NSbrTKOCpzDBVxBALfQhBa0oQMEEniGV3jzhPfivXsfy9YNr5w5gz/yPn8AIXyOTQ==</latexit><latexit sha1_base64="7OCKZjsxwKou9nBzJ7MVsL/gAcc=">AAAB63icbZDLSsNAFIZPvNZ6q7p0M1gEVyURQZcFN11WsBdoQ5lMJ83QuYSZiVBCX8GNC0Xc+kLufBsnbRba+sPAx3/OYc75o5QzY33/29vY3Nre2a3sVfcPDo+OayenXaMyTWiHKK50P8KGciZpxzLLaT/VFIuI0140vS/qvSeqDVPy0c5SGgo8kSxmBNvCGupEjWp1v+EvhNYhKKEOpdqj2tdwrEgmqLSEY2MGgZ/aMMfaMsLpvDrMDE0xmeIJHTiUWFAT5otd5+jSOWMUK+2etGjh/p7IsTBmJiLXKbBNzGqtMP+rDTIb34U5k2lmqSTLj+KMI6tQcTgaM02J5TMHmGjmdkUkwRoT6+KpuhCC1ZPXoXvdCBw/3NSbrTKOCpzDBVxBALfQhBa0oQMEEniGV3jzhPfivXsfy9YNr5w5gz/yPn8AIXyOTQ==</latexit><latexit sha1_base64="7OCKZjsxwKou9nBzJ7MVsL/gAcc=">AAAB63icbZDLSsNAFIZPvNZ6q7p0M1gEVyURQZcFN11WsBdoQ5lMJ83QuYSZiVBCX8GNC0Xc+kLufBsnbRba+sPAx3/OYc75o5QzY33/29vY3Nre2a3sVfcPDo+OayenXaMyTWiHKK50P8KGciZpxzLLaT/VFIuI0140vS/qvSeqDVPy0c5SGgo8kSxmBNvCGupEjWp1v+EvhNYhKKEOpdqj2tdwrEgmqLSEY2MGgZ/aMMfaMsLpvDrMDE0xmeIJHTiUWFAT5otd5+jSOWMUK+2etGjh/p7IsTBmJiLXKbBNzGqtMP+rDTIb34U5k2lmqSTLj+KMI6tQcTgaM02J5TMHmGjmdkUkwRoT6+KpuhCC1ZPXoXvdCBw/3NSbrTKOCpzDBVxBALfQhBa0oQMEEniGV3jzhPfivXsfy9YNr5w5gz/yPn8AIXyOTQ==</latexit><latexit sha1_base64="7OCKZjsxwKou9nBzJ7MVsL/gAcc=">AAAB63icbZDLSsNAFIZPvNZ6q7p0M1gEVyURQZcFN11WsBdoQ5lMJ83QuYSZiVBCX8GNC0Xc+kLufBsnbRba+sPAx3/OYc75o5QzY33/29vY3Nre2a3sVfcPDo+OayenXaMyTWiHKK50P8KGciZpxzLLaT/VFIuI0140vS/qvSeqDVPy0c5SGgo8kSxmBNvCGupEjWp1v+EvhNYhKKEOpdqj2tdwrEgmqLSEY2MGgZ/aMMfaMsLpvDrMDE0xmeIJHTiUWFAT5otd5+jSOWMUK+2etGjh/p7IsTBmJiLXKbBNzGqtMP+rDTIb34U5k2lmqSTLj+KMI6tQcTgaM02J5TMHmGjmdkUkwRoT6+KpuhCC1ZPXoXvdCBw/3NSbrTKOCpzDBVxBALfQhBa0oQMEEniGV3jzhPfivXsfy9YNr5w5gz/yPn8AIXyOTQ==</latexit>

Pr(g�1(A)) =

Z

g�1(A)
⇢(z) dz =

Z

A
⇢(g�1(A))|rxg

�1(x)| dx.
<latexit sha1_base64="VBXoHAp/FP4aPt4a5h2E6qNJQY8="></latexit><latexit sha1_base64="VBXoHAp/FP4aPt4a5h2E6qNJQY8="></latexit><latexit sha1_base64="VBXoHAp/FP4aPt4a5h2E6qNJQY8="></latexit><latexit sha1_base64="VBXoHAp/FP4aPt4a5h2E6qNJQY8="></latexit>



Learning from Samples

• Given finite samples                       , unlimited samples 


• Learn a function                  , which induces a distribution     on    . 


• Learn the parameters so that            .

x1, . . . , xn ⇠ p
<latexit sha1_base64="sHutXi237a5jqKGi7cR0t69SFyY=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsgotSZkTQZcFNlxXsBdphyKSZNjSTGZKMtA7FV3HjQhG3voc738a0nYW2Hgh8/P85yckfJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GtzO//UClYrG415OEehEeCBYygrWRfPtk7LuVXj/WqjL2BeopFqHEt8tO1ZkXWgU3hzLk1fDtL3MFSSMqNOFYqa7rJNrLsNSMcDot9VJFE0xGeEC7BgWOqPKy+fZTdG6UPgpjaY7QaK7+nshwpNQkCkxnhPVQLXsz8T+vm+rwxsuYSFJNBVk8FKYc6RjNokB9JinRfGIAE8nMrogMscREm8BKJgR3+cur0Lqsuobvrsq1eh5HEU7hDC7AhWuoQR0a0AQCj/AMr/BmPVkv1rv1sWgtWPnMMfwp6/MHYLuUiQ==</latexit><latexit sha1_base64="sHutXi237a5jqKGi7cR0t69SFyY=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsgotSZkTQZcFNlxXsBdphyKSZNjSTGZKMtA7FV3HjQhG3voc738a0nYW2Hgh8/P85yckfJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GtzO//UClYrG415OEehEeCBYygrWRfPtk7LuVXj/WqjL2BeopFqHEt8tO1ZkXWgU3hzLk1fDtL3MFSSMqNOFYqa7rJNrLsNSMcDot9VJFE0xGeEC7BgWOqPKy+fZTdG6UPgpjaY7QaK7+nshwpNQkCkxnhPVQLXsz8T+vm+rwxsuYSFJNBVk8FKYc6RjNokB9JinRfGIAE8nMrogMscREm8BKJgR3+cur0Lqsuobvrsq1eh5HEU7hDC7AhWuoQR0a0AQCj/AMr/BmPVkv1rv1sWgtWPnMMfwp6/MHYLuUiQ==</latexit><latexit sha1_base64="sHutXi237a5jqKGi7cR0t69SFyY=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsgotSZkTQZcFNlxXsBdphyKSZNjSTGZKMtA7FV3HjQhG3voc738a0nYW2Hgh8/P85yckfJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GtzO//UClYrG415OEehEeCBYygrWRfPtk7LuVXj/WqjL2BeopFqHEt8tO1ZkXWgU3hzLk1fDtL3MFSSMqNOFYqa7rJNrLsNSMcDot9VJFE0xGeEC7BgWOqPKy+fZTdG6UPgpjaY7QaK7+nshwpNQkCkxnhPVQLXsz8T+vm+rwxsuYSFJNBVk8FKYc6RjNokB9JinRfGIAE8nMrogMscREm8BKJgR3+cur0Lqsuobvrsq1eh5HEU7hDC7AhWuoQR0a0AQCj/AMr/BmPVkv1rv1sWgtWPnMMfwp6/MHYLuUiQ==</latexit><latexit sha1_base64="sHutXi237a5jqKGi7cR0t69SFyY=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsgotSZkTQZcFNlxXsBdphyKSZNjSTGZKMtA7FV3HjQhG3voc738a0nYW2Hgh8/P85yckfJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GtzO//UClYrG415OEehEeCBYygrWRfPtk7LuVXj/WqjL2BeopFqHEt8tO1ZkXWgU3hzLk1fDtL3MFSSMqNOFYqa7rJNrLsNSMcDot9VJFE0xGeEC7BgWOqPKy+fZTdG6UPgpjaY7QaK7+nshwpNQkCkxnhPVQLXsz8T+vm+rwxsuYSFJNBVk8FKYc6RjNokB9JinRfGIAE8nMrogMscREm8BKJgR3+cur0Lqsuobvrsq1eh5HEU7hDC7AhWuoQR0a0AQCj/AMr/BmPVkv1rv1sWgtWPnMMfwp6/MHYLuUiQ==</latexit>

g✓ : Z ! X
<latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit><latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit><latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit><latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit>

p✓
<latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit><latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit><latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit><latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit>

X
<latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit><latexit sha1_base64="kIUFQt3msns9uo2gc/p1uTSelz4=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcdFnBPiANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98LpfeH3nrg2IlGPOEt5ENOxEpFgFK3kD2KKE0Zl3p8Pa3W34S5A1olXkjqUaA9rX4NRwrKYK2SSGuN7bopBTjUKJvm8OsgMTymb0jH3LVU05ibIF5Hn5NIqIxIl2j6FZKH+3shpbMwsDu1kEdGseoX4n+dnGN0FuVBphlyx5UdRJgkmpLifjITmDOXMEsq0sFkJm1BNGdqWqrYEb/XkddK9bniWP9zUm62yjgqcwwVcgQe30IQWtKEDDBJ4hld4c9B5cd6dj+XohlPunMEfOJ8/lRGRdA==</latexit>

p✓ ⇡ p
<latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit><latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit><latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit><latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit>

z ⇠ ⇢
<latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit><latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit><latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit><latexit sha1_base64="ltoOOe2kS4IVcphhW7solvdsAeo=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy4KbLCvYC06Fk0kwbmsuQZIQ69DHcuFDErU/jzrcxbWehrT8EPv5zDjnnj1POjPX9b6+0sbm1vVPereztHxweVY9POkZlmtA2UVzpXowN5UzStmWW016qKRYxp914cjevdx+pNkzJBztNaSTwSLKEEWydFT6hvmEC9fVYDao1v+4vhNYhKKAGhVqD6ld/qEgmqLSEY2PCwE9tlGNtGeF0VulnhqaYTPCIhg4lFtRE+WLlGbpwzhAlSrsnLVq4vydyLIyZith1CmzHZrU2N/+rhZlNbqOcyTSzVJLlR0nGkVVofj8aMk2J5VMHmGjmdkVkjDUm1qVUcSEEqyevQ+eqHji+v641mkUcZTiDc7iEAG6gAU1oQRsIKHiGV3jzrPfivXsfy9aSV8ycwh95nz/NRJDy</latexit>



Maximize the Likelihood?

• Find a function that makes the observed data likely:


• How do we compute           ?  


• That doesn’t look fun!

sup
✓

E
x⇠p

log p✓(x) ⇡ sup
✓

1

n

nX

i=1

log p✓(xi).
<latexit sha1_base64="4OhiY2BNOInQOUJpVuWTqnaEyWA="></latexit><latexit sha1_base64="4OhiY2BNOInQOUJpVuWTqnaEyWA="></latexit><latexit sha1_base64="4OhiY2BNOInQOUJpVuWTqnaEyWA="></latexit><latexit sha1_base64="4OhiY2BNOInQOUJpVuWTqnaEyWA="></latexit>

p✓(xi)
<latexit sha1_base64="R3ka61g+unGGoOYzW/7+cmk5aiA=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwUuPFewHtCFstpt26WYTdyfFEvo7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waJ4Bod59sqbGxube8Ud0t7+weHR+Xjk7aOU0VZi8YiVt2AaCa4ZC3kKFg3UYxEgWCdYHw3r3cmTGkeywecJsyLyFDykFOCxvISv48jhqT65PNLv1xxas5C9jq4OVQgV9Mvf/UHMU0jJpEKonXPdRL0MqKQU8FmpX6qWULomAxZz6AkEdNetjh6Zl8YZ2CHsTJPor1wf09kJNJ6GgWmMyI40qu1uflfrZdieOtlXCYpMkmXi8JU2Bjb8wTsAVeMopgaIFRxc6tNR0QRiiankgnBXf3yOrSvaq7h++tKvZHHUYQzOIcquHADdWhAE1pA4RGe4RXerIn1Yr1bH8vWgpXPnMIfWZ8/WvyR1A==</latexit><latexit sha1_base64="R3ka61g+unGGoOYzW/7+cmk5aiA=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwUuPFewHtCFstpt26WYTdyfFEvo7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waJ4Bod59sqbGxube8Ud0t7+weHR+Xjk7aOU0VZi8YiVt2AaCa4ZC3kKFg3UYxEgWCdYHw3r3cmTGkeywecJsyLyFDykFOCxvISv48jhqT65PNLv1xxas5C9jq4OVQgV9Mvf/UHMU0jJpEKonXPdRL0MqKQU8FmpX6qWULomAxZz6AkEdNetjh6Zl8YZ2CHsTJPor1wf09kJNJ6GgWmMyI40qu1uflfrZdieOtlXCYpMkmXi8JU2Bjb8wTsAVeMopgaIFRxc6tNR0QRiiankgnBXf3yOrSvaq7h++tKvZHHUYQzOIcquHADdWhAE1pA4RGe4RXerIn1Yr1bH8vWgpXPnMIfWZ8/WvyR1A==</latexit><latexit sha1_base64="R3ka61g+unGGoOYzW/7+cmk5aiA=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwUuPFewHtCFstpt26WYTdyfFEvo7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waJ4Bod59sqbGxube8Ud0t7+weHR+Xjk7aOU0VZi8YiVt2AaCa4ZC3kKFg3UYxEgWCdYHw3r3cmTGkeywecJsyLyFDykFOCxvISv48jhqT65PNLv1xxas5C9jq4OVQgV9Mvf/UHMU0jJpEKonXPdRL0MqKQU8FmpX6qWULomAxZz6AkEdNetjh6Zl8YZ2CHsTJPor1wf09kJNJ6GgWmMyI40qu1uflfrZdieOtlXCYpMkmXi8JU2Bjb8wTsAVeMopgaIFRxc6tNR0QRiiankgnBXf3yOrSvaq7h++tKvZHHUYQzOIcquHADdWhAE1pA4RGe4RXerIn1Yr1bH8vWgpXPnMIfWZ8/WvyR1A==</latexit><latexit sha1_base64="R3ka61g+unGGoOYzW/7+cmk5aiA=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwUuPFewHtCFstpt26WYTdyfFEvo7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waJ4Bod59sqbGxube8Ud0t7+weHR+Xjk7aOU0VZi8YiVt2AaCa4ZC3kKFg3UYxEgWCdYHw3r3cmTGkeywecJsyLyFDykFOCxvISv48jhqT65PNLv1xxas5C9jq4OVQgV9Mvf/UHMU0jJpEKonXPdRL0MqKQU8FmpX6qWULomAxZz6AkEdNetjh6Zl8YZ2CHsTJPor1wf09kJNJ6GgWmMyI40qu1uflfrZdieOtlXCYpMkmXi8JU2Bjb8wTsAVeMopgaIFRxc6tNR0QRiiankgnBXf3yOrSvaq7h++tKvZHHUYQzOIcquHADdWhAE1pA4RGe4RXerIn1Yr1bH8vWgpXPnMIfWZ8/WvyR1A==</latexit>

p✓(xi) = q(g�1
✓ (xi))|rxg

�1
✓ (xi)|.

<latexit sha1_base64="lXBujiGKVYelew5cpsTfw/KQvkM=">AAACLHicbZBNSwMxEIazflu/qh69BItQD5ZdEfQiFLz0WMFaoa3LbJq2wWx2TWalZdsf5MW/IogHRbz6O0zbPah1IPDwvjNM5g1iKQy67rszN7+wuLS8sppbW9/Y3Mpv71ybKNGM11gkI30TgOFSKF5DgZLfxJpDGEheD+4uxn79gWsjInWFg5i3Qugq0REM0Ep+/iL2m9jjCMW+Lw7pOb0vdjPlNj3yRhP5cNhUEEjw+3TWHJb8fMEtuZOis+BlUCBZVf38S7MdsSTkCpkEYxqeG2MrBY2CST7KNRPDY2B30OUNiwpCblrp5NgRPbBKm3YibZ9COlF/TqQQGjMIA9sZAvbMX28s/uc1EuyctVKh4gS5YtNFnURSjOg4OdoWmjOUAwvAtLB/pawHGhjafHM2BO/vybNwfVzyLF+eFMqVLI4Vskf2SZF45JSUSYVUSY0w8kieyRt5d56cV+fD+Zy2zjnZzC75Vc7XN/CQptE=</latexit><latexit sha1_base64="lXBujiGKVYelew5cpsTfw/KQvkM=">AAACLHicbZBNSwMxEIazflu/qh69BItQD5ZdEfQiFLz0WMFaoa3LbJq2wWx2TWalZdsf5MW/IogHRbz6O0zbPah1IPDwvjNM5g1iKQy67rszN7+wuLS8sppbW9/Y3Mpv71ybKNGM11gkI30TgOFSKF5DgZLfxJpDGEheD+4uxn79gWsjInWFg5i3Qugq0REM0Ep+/iL2m9jjCMW+Lw7pOb0vdjPlNj3yRhP5cNhUEEjw+3TWHJb8fMEtuZOis+BlUCBZVf38S7MdsSTkCpkEYxqeG2MrBY2CST7KNRPDY2B30OUNiwpCblrp5NgRPbBKm3YibZ9COlF/TqQQGjMIA9sZAvbMX28s/uc1EuyctVKh4gS5YtNFnURSjOg4OdoWmjOUAwvAtLB/pawHGhjafHM2BO/vybNwfVzyLF+eFMqVLI4Vskf2SZF45JSUSYVUSY0w8kieyRt5d56cV+fD+Zy2zjnZzC75Vc7XN/CQptE=</latexit><latexit sha1_base64="lXBujiGKVYelew5cpsTfw/KQvkM=">AAACLHicbZBNSwMxEIazflu/qh69BItQD5ZdEfQiFLz0WMFaoa3LbJq2wWx2TWalZdsf5MW/IogHRbz6O0zbPah1IPDwvjNM5g1iKQy67rszN7+wuLS8sppbW9/Y3Mpv71ybKNGM11gkI30TgOFSKF5DgZLfxJpDGEheD+4uxn79gWsjInWFg5i3Qugq0REM0Ep+/iL2m9jjCMW+Lw7pOb0vdjPlNj3yRhP5cNhUEEjw+3TWHJb8fMEtuZOis+BlUCBZVf38S7MdsSTkCpkEYxqeG2MrBY2CST7KNRPDY2B30OUNiwpCblrp5NgRPbBKm3YibZ9COlF/TqQQGjMIA9sZAvbMX28s/uc1EuyctVKh4gS5YtNFnURSjOg4OdoWmjOUAwvAtLB/pawHGhjafHM2BO/vybNwfVzyLF+eFMqVLI4Vskf2SZF45JSUSYVUSY0w8kieyRt5d56cV+fD+Zy2zjnZzC75Vc7XN/CQptE=</latexit><latexit sha1_base64="lXBujiGKVYelew5cpsTfw/KQvkM=">AAACLHicbZBNSwMxEIazflu/qh69BItQD5ZdEfQiFLz0WMFaoa3LbJq2wWx2TWalZdsf5MW/IogHRbz6O0zbPah1IPDwvjNM5g1iKQy67rszN7+wuLS8sppbW9/Y3Mpv71ybKNGM11gkI30TgOFSKF5DgZLfxJpDGEheD+4uxn79gWsjInWFg5i3Qugq0REM0Ep+/iL2m9jjCMW+Lw7pOb0vdjPlNj3yRhP5cNhUEEjw+3TWHJb8fMEtuZOis+BlUCBZVf38S7MdsSTkCpkEYxqeG2MrBY2CST7KNRPDY2B30OUNiwpCblrp5NgRPbBKm3YibZ9COlF/TqQQGjMIA9sZAvbMX28s/uc1EuyctVKh4gS5YtNFnURSjOg4OdoWmjOUAwvAtLB/pawHGhjafHM2BO/vybNwfVzyLF+eFMqVLI4Vskf2SZF45JSUSYVUSY0w8kieyRt5d56cV+fD+Zy2zjnZzC75Vc7XN/CQptE=</latexit>



What Are Our Options?

• Write down parameterized families with simple inverses and Jacobians


• Dinh et al. 2017, Kingma and Dhariwal 2018


• Suck it up and compute the inverses and Jacobians


• Hand and Voroninski 2019, Ma et al. 2018


• Give up and try something else (GAN)


• Goodfellow et al. 2014, Brock et al. 2018



Towards the GAN

• Remember our broad goal: find a pushforward                    so that            .


• How do we define similarity/divergence between distributions?


• How do we compute/estimate the similarity?

g✓ : Z ! X
<latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit><latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit><latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit><latexit sha1_base64="z5rGrFbjb6mvv7nZAXuv2RLDnp4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKC4qrgpssK9oFNCJPppB06eTBzI5SQP3Djr7hxoYhbt+78GydtQG09MHDmnHu59x4/EVyBZX0ZS8srq2vrlY3q5tb2zq65t99RcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fF373nknF4+gWJglzQzKMeMApAS155snQc2DEgOAr7IQERpSI7C7HDsQ//17umTWrbk2BF4ldkhoq0fLMT2cQ0zRkEVBBlOrbVgJuRiRwKlhedVLFEkLHZMj6mkYkZMrNpvfk+FgrAxzEUr8I8FT93ZGRUKlJ6OvKYkU17xXif14/heDSzXiUpMAiOhsUpALrY4tw8IBLRkFMNCFUcr0rpiMiCQUdYVWHYM+fvEg6Z3Vb85vzWqNZxlFBh+gInSIbXaAGaqIWaiOKHtATekGvxqPxbLwZ77PSJaPsOUB/YHx8A6ECnGw=</latexit>

p✓ ⇡ p
<latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit><latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit><latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit><latexit sha1_base64="+Jw01D8Tp0pTXOWCBSD29Cavx38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuCozIuiy4KbLCvYC7TBk0kwbmsmE5Iy0DH0VNy4UceuLuPNtTNtZaOsPgY//nMM5+SMluAHP+3ZKW9s7u3vl/crB4dHxiXta7Zg005S1aSpS3YuIYYJL1gYOgvWUZiSJBOtGk/tFvfvEtOGpfISZYkFCRpLHnBKwVuhWVTiAMQOCB0QpnU6xCt2aV/eWwpvgF1BDhVqh+zUYpjRLmAQqiDF931MQ5EQDp4LNK4PMMEXohIxY36IkCTNBvrx9ji+tM8Rxqu2TgJfu74mcJMbMksh2JgTGZr22MP+r9TOI74KcS5UBk3S1KM4EhhQvgsBDrhkFMbNAqOb2VkzHRBMKNq6KDcFf//ImdK7rvuWHm1qjWcRRRufoAl0hH92iBmqiFmojiqboGb2iN2fuvDjvzseqteQUM2foj5zPH9DQlEw=</latexit>



Distributional f-Divergence

• Let                  be convex, lower-semicontinuous, and              :    


• For example, if                        then               is KL-divergence.  


• We can construct lower bounds on an f-divergence.

Df (p||q) ⌘
Z

X
q(x)f

✓
p(x)

q(x)

◆
dx.

<latexit sha1_base64="6UyG2heZlKx9SnrYZuXiTGEVKgE="></latexit><latexit sha1_base64="6UyG2heZlKx9SnrYZuXiTGEVKgE="></latexit><latexit sha1_base64="6UyG2heZlKx9SnrYZuXiTGEVKgE="></latexit><latexit sha1_base64="6UyG2heZlKx9SnrYZuXiTGEVKgE="></latexit>

f : R ! R
<latexit sha1_base64="HTgevxFLxTZixHYp1NI1Z/eY/ck=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlEUFwV3HRZxT6gCWUynbRDJ5MwMxFK6MqNv+LGhSJu/QZ3/o2TNgttPTBw5px7ufeeIOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tvHIbpGXoT1KAiyuynydPzr27erTs2ZAS0TtyBVKNDs21/eICZpRIUmHCvVc51E+xmWmhFOpxUvVTTBZIyHtGeowBFVfjY7Y4pOjTJAYSzNExrN1N8dGY6UmkSBqcw3VIteLv7n9VIdXvkZE0mqqSDzQWHKkbk1zwQNmKRE84khmEhmdkVkhCUm2iRXMSG4iycvk/Z5zTX89qJabxRxlOEITuAMXLiEOjSgCS0g8AjP8Apv1pP1Yr1bH/PSklX0HMIfWJ8/N+aYWg==</latexit><latexit sha1_base64="HTgevxFLxTZixHYp1NI1Z/eY/ck=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlEUFwV3HRZxT6gCWUynbRDJ5MwMxFK6MqNv+LGhSJu/QZ3/o2TNgttPTBw5px7ufeeIOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tvHIbpGXoT1KAiyuynydPzr27erTs2ZAS0TtyBVKNDs21/eICZpRIUmHCvVc51E+xmWmhFOpxUvVTTBZIyHtGeowBFVfjY7Y4pOjTJAYSzNExrN1N8dGY6UmkSBqcw3VIteLv7n9VIdXvkZE0mqqSDzQWHKkbk1zwQNmKRE84khmEhmdkVkhCUm2iRXMSG4iycvk/Z5zTX89qJabxRxlOEITuAMXLiEOjSgCS0g8AjP8Apv1pP1Yr1bH/PSklX0HMIfWJ8/N+aYWg==</latexit><latexit sha1_base64="HTgevxFLxTZixHYp1NI1Z/eY/ck=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlEUFwV3HRZxT6gCWUynbRDJ5MwMxFK6MqNv+LGhSJu/QZ3/o2TNgttPTBw5px7ufeeIOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tvHIbpGXoT1KAiyuynydPzr27erTs2ZAS0TtyBVKNDs21/eICZpRIUmHCvVc51E+xmWmhFOpxUvVTTBZIyHtGeowBFVfjY7Y4pOjTJAYSzNExrN1N8dGY6UmkSBqcw3VIteLv7n9VIdXvkZE0mqqSDzQWHKkbk1zwQNmKRE84khmEhmdkVkhCUm2iRXMSG4iycvk/Z5zTX89qJabxRxlOEITuAMXLiEOjSgCS0g8AjP8Apv1pP1Yr1bH/PSklX0HMIfWJ8/N+aYWg==</latexit><latexit sha1_base64="HTgevxFLxTZixHYp1NI1Z/eY/ck=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlEUFwV3HRZxT6gCWUynbRDJ5MwMxFK6MqNv+LGhSJu/QZ3/o2TNgttPTBw5px7ufeeIOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tvHIbpGXoT1KAiyuynydPzr27erTs2ZAS0TtyBVKNDs21/eICZpRIUmHCvVc51E+xmWmhFOpxUvVTTBZIyHtGeowBFVfjY7Y4pOjTJAYSzNExrN1N8dGY6UmkSBqcw3VIteLv7n9VIdXvkZE0mqqSDzQWHKkbk1zwQNmKRE84khmEhmdkVkhCUm2iRXMSG4iycvk/Z5zTX89qJabxRxlOEITuAMXLiEOjSgCS0g8AjP8Apv1pP1Yr1bH/PSklX0HMIfWJ8/N+aYWg==</latexit>

f(0) = 1
<latexit sha1_base64="jgHCPy7MC57rof3ETfwfHvuK4M8=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQiFLz0WMF+QBvKZrtpl242cXcilNA/4cWDIl79O978N27bHLT1hYWHd2bYmTdIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6ZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWAk4T7ER0qEQpG0VqdsOJekFvi9Utlt+rORVbBy6EMuRr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy0qGnHjZ/N9p+TcOgMSxto+hWTu/p7IaGTMJApsZ0RxZJZrM/O/WjfF8MbPhEpS5IotPgpTSTAms+PJQGjOUE4sUKaF3ZWwEdWUoY2oaEPwlk9ehdZl1bN8f1Wu1fM4CnAKZ1ABD66hBnVoQBMYSHiGV3hzHp0X5935WLSuOfnMCfyR8/kDoNiOZQ==</latexit><latexit sha1_base64="jgHCPy7MC57rof3ETfwfHvuK4M8=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQiFLz0WMF+QBvKZrtpl242cXcilNA/4cWDIl79O978N27bHLT1hYWHd2bYmTdIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6ZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWAk4T7ER0qEQpG0VqdsOJekFvi9Utlt+rORVbBy6EMuRr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy0qGnHjZ/N9p+TcOgMSxto+hWTu/p7IaGTMJApsZ0RxZJZrM/O/WjfF8MbPhEpS5IotPgpTSTAms+PJQGjOUE4sUKaF3ZWwEdWUoY2oaEPwlk9ehdZl1bN8f1Wu1fM4CnAKZ1ABD66hBnVoQBMYSHiGV3hzHp0X5935WLSuOfnMCfyR8/kDoNiOZQ==</latexit><latexit sha1_base64="jgHCPy7MC57rof3ETfwfHvuK4M8=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQiFLz0WMF+QBvKZrtpl242cXcilNA/4cWDIl79O978N27bHLT1hYWHd2bYmTdIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6ZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWAk4T7ER0qEQpG0VqdsOJekFvi9Utlt+rORVbBy6EMuRr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy0qGnHjZ/N9p+TcOgMSxto+hWTu/p7IaGTMJApsZ0RxZJZrM/O/WjfF8MbPhEpS5IotPgpTSTAms+PJQGjOUE4sUKaF3ZWwEdWUoY2oaEPwlk9ehdZl1bN8f1Wu1fM4CnAKZ1ABD66hBnVoQBMYSHiGV3hzHp0X5935WLSuOfnMCfyR8/kDoNiOZQ==</latexit><latexit sha1_base64="jgHCPy7MC57rof3ETfwfHvuK4M8=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQiFLz0WMF+QBvKZrtpl242cXcilNA/4cWDIl79O978N27bHLT1hYWHd2bYmTdIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6ZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWAk4T7ER0qEQpG0VqdsOJekFvi9Utlt+rORVbBy6EMuRr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy0qGnHjZ/N9p+TcOgMSxto+hWTu/p7IaGTMJApsZ0RxZJZrM/O/WjfF8MbPhEpS5IotPgpTSTAms+PJQGjOUE4sUKaF3ZWwEdWUoY2oaEPwlk9ehdZl1bN8f1Wu1fM4CnAKZ1ABD66hBnVoQBMYSHiGV3hzHp0X5935WLSuOfnMCfyR8/kDoNiOZQ==</latexit>

f(x) = x log x
<latexit sha1_base64="f7WKEiWIoXrN+53iDBIHxPZpNao=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUE3QsFNlxXsBdqxZNJMG5pJhiSjLUPfw40LRdz6Lu58G9N2Ftr6Q+DjP+dwTv4g5kwb1/12cmvrG5tb+e3Czu7e/kHx8KipZaIIbRDJpWoHWFPOBG0YZjhtx4riKOC0FYxuZ/XWI1WaSXFvJjH1IzwQLGQEG2s9hOXxObpB4y6XAzTuFUtuxZ0LrYKXQQky1XvFr25fkiSiwhCOte54bmz8FCvDCKfTQjfRNMZkhAe0Y1HgiGo/nV89RWfW6aNQKvuEQXP390SKI60nUWA7I2yGerk2M/+rdRITXvspE3FiqCCLRWHCkZFoFgHqM0WJ4RMLmChmb0VkiBUmxgZVsCF4y19eheZFxbN8d1mq1rI48nACp1AGD66gCjWoQwMIKHiGV3hznpwX5935WLTmnGzmGP7I+fwBxXiRZg==</latexit><latexit sha1_base64="f7WKEiWIoXrN+53iDBIHxPZpNao=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUE3QsFNlxXsBdqxZNJMG5pJhiSjLUPfw40LRdz6Lu58G9N2Ftr6Q+DjP+dwTv4g5kwb1/12cmvrG5tb+e3Czu7e/kHx8KipZaIIbRDJpWoHWFPOBG0YZjhtx4riKOC0FYxuZ/XWI1WaSXFvJjH1IzwQLGQEG2s9hOXxObpB4y6XAzTuFUtuxZ0LrYKXQQky1XvFr25fkiSiwhCOte54bmz8FCvDCKfTQjfRNMZkhAe0Y1HgiGo/nV89RWfW6aNQKvuEQXP390SKI60nUWA7I2yGerk2M/+rdRITXvspE3FiqCCLRWHCkZFoFgHqM0WJ4RMLmChmb0VkiBUmxgZVsCF4y19eheZFxbN8d1mq1rI48nACp1AGD66gCjWoQwMIKHiGV3hznpwX5935WLTmnGzmGP7I+fwBxXiRZg==</latexit><latexit sha1_base64="f7WKEiWIoXrN+53iDBIHxPZpNao=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUE3QsFNlxXsBdqxZNJMG5pJhiSjLUPfw40LRdz6Lu58G9N2Ftr6Q+DjP+dwTv4g5kwb1/12cmvrG5tb+e3Czu7e/kHx8KipZaIIbRDJpWoHWFPOBG0YZjhtx4riKOC0FYxuZ/XWI1WaSXFvJjH1IzwQLGQEG2s9hOXxObpB4y6XAzTuFUtuxZ0LrYKXQQky1XvFr25fkiSiwhCOte54bmz8FCvDCKfTQjfRNMZkhAe0Y1HgiGo/nV89RWfW6aNQKvuEQXP390SKI60nUWA7I2yGerk2M/+rdRITXvspE3FiqCCLRWHCkZFoFgHqM0WJ4RMLmChmb0VkiBUmxgZVsCF4y19eheZFxbN8d1mq1rI48nACp1AGD66gCjWoQwMIKHiGV3hznpwX5935WLTmnGzmGP7I+fwBxXiRZg==</latexit><latexit sha1_base64="f7WKEiWIoXrN+53iDBIHxPZpNao=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUE3QsFNlxXsBdqxZNJMG5pJhiSjLUPfw40LRdz6Lu58G9N2Ftr6Q+DjP+dwTv4g5kwb1/12cmvrG5tb+e3Czu7e/kHx8KipZaIIbRDJpWoHWFPOBG0YZjhtx4riKOC0FYxuZ/XWI1WaSXFvJjH1IzwQLGQEG2s9hOXxObpB4y6XAzTuFUtuxZ0LrYKXQQky1XvFr25fkiSiwhCOte54bmz8FCvDCKfTQjfRNMZkhAe0Y1HgiGo/nV89RWfW6aNQKvuEQXP390SKI60nUWA7I2yGerk2M/+rdRITXvspE3FiqCCLRWHCkZFoFgHqM0WJ4RMLmChmb0VkiBUmxgZVsCF4y19eheZFxbN8d1mq1rI48nACp1AGD66gCjWoQwMIKHiGV3hznpwX5935WLTmnGzmGP7I+fwBxXiRZg==</latexit>

Df (p||q)
<latexit sha1_base64="pYHirqQ7ielAELHMaf6Iv9kgnss=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBV10WcFepB1KJs20oUlmTDJCmfYp3LhQxK2P4863MW1noa0/BD7+cw455w9izrRx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaObWb31RJVmkbw345j6Ag8kCxnBxloPt72wHE8mj+e9YsmtuHOhVfAyKEGmeq/41e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LEosqPbT+cJTdGadPgojZZ80aO7+nkix0HosAtspsBnq5drM/K/WSUx47adMxomhkiw+ChOOTIRm16M+U5QYPraAiWJ2V0SGWGFibEYFG4K3fPIqNC8qnuW7y1K1lsWRhxM4hTJ4cAVVqEEdGkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AE/qZAN</latexit><latexit sha1_base64="pYHirqQ7ielAELHMaf6Iv9kgnss=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBV10WcFepB1KJs20oUlmTDJCmfYp3LhQxK2P4863MW1noa0/BD7+cw455w9izrRx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaObWb31RJVmkbw345j6Ag8kCxnBxloPt72wHE8mj+e9YsmtuHOhVfAyKEGmeq/41e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LEosqPbT+cJTdGadPgojZZ80aO7+nkix0HosAtspsBnq5drM/K/WSUx47adMxomhkiw+ChOOTIRm16M+U5QYPraAiWJ2V0SGWGFibEYFG4K3fPIqNC8qnuW7y1K1lsWRhxM4hTJ4cAVVqEEdGkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AE/qZAN</latexit><latexit sha1_base64="pYHirqQ7ielAELHMaf6Iv9kgnss=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBV10WcFepB1KJs20oUlmTDJCmfYp3LhQxK2P4863MW1noa0/BD7+cw455w9izrRx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaObWb31RJVmkbw345j6Ag8kCxnBxloPt72wHE8mj+e9YsmtuHOhVfAyKEGmeq/41e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LEosqPbT+cJTdGadPgojZZ80aO7+nkix0HosAtspsBnq5drM/K/WSUx47adMxomhkiw+ChOOTIRm16M+U5QYPraAiWJ2V0SGWGFibEYFG4K3fPIqNC8qnuW7y1K1lsWRhxM4hTJ4cAVVqEEdGkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AE/qZAN</latexit><latexit sha1_base64="pYHirqQ7ielAELHMaf6Iv9kgnss=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBV10WcFepB1KJs20oUlmTDJCmfYp3LhQxK2P4863MW1noa0/BD7+cw455w9izrRx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaObWb31RJVmkbw345j6Ag8kCxnBxloPt72wHE8mj+e9YsmtuHOhVfAyKEGmeq/41e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LEosqPbT+cJTdGadPgojZZ80aO7+nkix0HosAtspsBnq5drM/K/WSUx47adMxomhkiw+ChOOTIRm16M+U5QYPraAiWJ2V0SGWGFibEYFG4K3fPIqNC8qnuW7y1K1lsWRhxM4hTJ4cAVVqEEdGkBAwDO8wpujnBfn3flYtOacbOYY/sj5/AE/qZAN</latexit>



Lower Bounds on f-Divergences

• For any function                   ,   [Nguyen, Wainwright, and Jordan 2010]


• The function                   is the convex conjugate of   : 


• The lower bound only uses samples! No need to evaluate        .

T : X ! R
<latexit sha1_base64="MhsKo9iIEwHH8dABXiTsHk/1XJ8=">AAACB3icbVBNS8NAEJ3Ur1q/oh4FWSyCp5KIoHgqeOmxSlsLTSib7aZdutmE3Y1QQm9e/CtePCji1b/gzX/jps1BWx8svH1vhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+go+JUEtomMY9lN8CKciZoWzPNaTeRFEcBp/fB+Cb37x+oVCwWLT1JqB/hoWAhI1gbqW8ft9A18iKsRwTzrDtFno7n/yDI7qZ9u+rUnBnQMnELUoUCzb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8VJFE0zGeEh7hgocUeVnszum6NQoAxTG0jyh0Uz93ZHhSKlJFJjKfEO16OXif14v1eGVnzGRpJoKMh8UphyZW/NQ0IBJSjSfGIKJZGZXREZYYqJNdBUTgrt48jLpnNdcw28vqvVGEUcZjuAEzsCFS6hDA5rQBgKP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QP4OpjE</latexit><latexit sha1_base64="MhsKo9iIEwHH8dABXiTsHk/1XJ8=">AAACB3icbVBNS8NAEJ3Ur1q/oh4FWSyCp5KIoHgqeOmxSlsLTSib7aZdutmE3Y1QQm9e/CtePCji1b/gzX/jps1BWx8svH1vhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+go+JUEtomMY9lN8CKciZoWzPNaTeRFEcBp/fB+Cb37x+oVCwWLT1JqB/hoWAhI1gbqW8ft9A18iKsRwTzrDtFno7n/yDI7qZ9u+rUnBnQMnELUoUCzb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8VJFE0zGeEh7hgocUeVnszum6NQoAxTG0jyh0Uz93ZHhSKlJFJjKfEO16OXif14v1eGVnzGRpJoKMh8UphyZW/NQ0IBJSjSfGIKJZGZXREZYYqJNdBUTgrt48jLpnNdcw28vqvVGEUcZjuAEzsCFS6hDA5rQBgKP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QP4OpjE</latexit><latexit sha1_base64="MhsKo9iIEwHH8dABXiTsHk/1XJ8=">AAACB3icbVBNS8NAEJ3Ur1q/oh4FWSyCp5KIoHgqeOmxSlsLTSib7aZdutmE3Y1QQm9e/CtePCji1b/gzX/jps1BWx8svH1vhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+go+JUEtomMY9lN8CKciZoWzPNaTeRFEcBp/fB+Cb37x+oVCwWLT1JqB/hoWAhI1gbqW8ft9A18iKsRwTzrDtFno7n/yDI7qZ9u+rUnBnQMnELUoUCzb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8VJFE0zGeEh7hgocUeVnszum6NQoAxTG0jyh0Uz93ZHhSKlJFJjKfEO16OXif14v1eGVnzGRpJoKMh8UphyZW/NQ0IBJSjSfGIKJZGZXREZYYqJNdBUTgrt48jLpnNdcw28vqvVGEUcZjuAEzsCFS6hDA5rQBgKP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QP4OpjE</latexit><latexit sha1_base64="MhsKo9iIEwHH8dABXiTsHk/1XJ8=">AAACB3icbVBNS8NAEJ3Ur1q/oh4FWSyCp5KIoHgqeOmxSlsLTSib7aZdutmE3Y1QQm9e/CtePCji1b/gzX/jps1BWx8svH1vhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+go+JUEtomMY9lN8CKciZoWzPNaTeRFEcBp/fB+Cb37x+oVCwWLT1JqB/hoWAhI1gbqW8ft9A18iKsRwTzrDtFno7n/yDI7qZ9u+rUnBnQMnELUoUCzb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8VJFE0zGeEh7hgocUeVnszum6NQoAxTG0jyh0Uz93ZHhSKlJFJjKfEO16OXif14v1eGVnzGRpJoKMh8UphyZW/NQ0IBJSjSfGIKJZGZXREZYYqJNdBUTgrt48jLpnNdcw28vqvVGEUcZjuAEzsCFS6hDA5rQBgKP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QP4OpjE</latexit>

Df (p||q) � E
x⇠p

T (x)� E
x⇠q

f⇤(T (x)).
<latexit sha1_base64="Bg6sqZRL6/sE9/YCzGgDKQpOmZ8="></latexit><latexit sha1_base64="Bg6sqZRL6/sE9/YCzGgDKQpOmZ8="></latexit><latexit sha1_base64="Bg6sqZRL6/sE9/YCzGgDKQpOmZ8="></latexit><latexit sha1_base64="Bg6sqZRL6/sE9/YCzGgDKQpOmZ8="></latexit>

p(x)
<latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit><latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit><latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit><latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit>

f⇤ : R ! R
<latexit sha1_base64="7KneXUSQD0PaCYqudfpD2nPS0u4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0UQFyURQXFVcNNlFfuAJpbJdNIOnUzCzEQooUs3/oobF4q49RPc+TdO2i5q64GBM+fcy733BAlnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5vcbz5SqVgs7vUwoX6Ee4KFjGBtpI59FD6coWvkRVj3gyC7GyFPxzPfjl1yys4YaJG4U1KCKWod+9vrxiSNqNCEY6XarpNoP8NSM8LpqOiliiaYDHCPtg0VOKLKz8aHjNCJUboojKV5QqOxOtuR4UipYRSYynxDNe/l4n9eO9XhlZ8xkaSaCjIZFKYcmVvzVFCXSUo0HxqCiWRmV0T6WGKiTXZFE4I7f/IiaZyXXcNvL0qV6jSOAhzCMZyCC5dQgSrUoA4EnuAF3uDderZerQ/rc1K6ZE17DuAPrK9fYJeY9g==</latexit><latexit sha1_base64="7KneXUSQD0PaCYqudfpD2nPS0u4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0UQFyURQXFVcNNlFfuAJpbJdNIOnUzCzEQooUs3/oobF4q49RPc+TdO2i5q64GBM+fcy733BAlnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5vcbz5SqVgs7vUwoX6Ee4KFjGBtpI59FD6coWvkRVj3gyC7GyFPxzPfjl1yys4YaJG4U1KCKWod+9vrxiSNqNCEY6XarpNoP8NSM8LpqOiliiaYDHCPtg0VOKLKz8aHjNCJUboojKV5QqOxOtuR4UipYRSYynxDNe/l4n9eO9XhlZ8xkaSaCjIZFKYcmVvzVFCXSUo0HxqCiWRmV0T6WGKiTXZFE4I7f/IiaZyXXcNvL0qV6jSOAhzCMZyCC5dQgSrUoA4EnuAF3uDderZerQ/rc1K6ZE17DuAPrK9fYJeY9g==</latexit><latexit sha1_base64="7KneXUSQD0PaCYqudfpD2nPS0u4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0UQFyURQXFVcNNlFfuAJpbJdNIOnUzCzEQooUs3/oobF4q49RPc+TdO2i5q64GBM+fcy733BAlnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5vcbz5SqVgs7vUwoX6Ee4KFjGBtpI59FD6coWvkRVj3gyC7GyFPxzPfjl1yys4YaJG4U1KCKWod+9vrxiSNqNCEY6XarpNoP8NSM8LpqOiliiaYDHCPtg0VOKLKz8aHjNCJUboojKV5QqOxOtuR4UipYRSYynxDNe/l4n9eO9XhlZ8xkaSaCjIZFKYcmVvzVFCXSUo0HxqCiWRmV0T6WGKiTXZFE4I7f/IiaZyXXcNvL0qV6jSOAhzCMZyCC5dQgSrUoA4EnuAF3uDderZerQ/rc1K6ZE17DuAPrK9fYJeY9g==</latexit><latexit sha1_base64="7KneXUSQD0PaCYqudfpD2nPS0u4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0UQFyURQXFVcNNlFfuAJpbJdNIOnUzCzEQooUs3/oobF4q49RPc+TdO2i5q64GBM+fcy733BAlnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5vcbz5SqVgs7vUwoX6Ee4KFjGBtpI59FD6coWvkRVj3gyC7GyFPxzPfjl1yys4YaJG4U1KCKWod+9vrxiSNqNCEY6XarpNoP8NSM8LpqOiliiaYDHCPtg0VOKLKz8aHjNCJUboojKV5QqOxOtuR4UipYRSYynxDNe/l4n9eO9XhlZ8xkaSaCjIZFKYcmVvzVFCXSUo0HxqCiWRmV0T6WGKiTXZFE4I7f/IiaZyXXcNvL0qV6jSOAhzCMZyCC5dQgSrUoA4EnuAF3uDderZerQ/rc1K6ZE17DuAPrK9fYJeY9g==</latexit>

f
<latexit sha1_base64="Jx/Ge2UNHLGxgTARspgMIeSO0b0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1wWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/MwYzw</latexit><latexit sha1_base64="Jx/Ge2UNHLGxgTARspgMIeSO0b0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1wWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/MwYzw</latexit><latexit sha1_base64="Jx/Ge2UNHLGxgTARspgMIeSO0b0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1wWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/MwYzw</latexit><latexit sha1_base64="Jx/Ge2UNHLGxgTARspgMIeSO0b0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1wWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/MwYzw</latexit>

f⇤(t) ⌘ sup
x
{tx� f(x)}.

<latexit sha1_base64="txh6K509qJqeUFh1G9BocI207E0=">AAACDHicbVDLSgMxFM34rPVVdekmWIRWsMyIoMuCmy4r2Ad0asmkmTY08zC5KS1DP8CNv+LGhSJu/QB3/o1pOwttPRA4nHMuN/d4seAKbPvbWlldW9/YzGxlt3d29/ZzB4d1FWlJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gZuo3hkwqHoV3MI5ZOyC9kPucEjBSJ5f3788KUMQue9B8iF2l484IuwmM8Dn2C6OiOymZlF2yZ8DLxElJHqWodnJfbjeiOmAhUEGUajl2DO2ESOBUsEnW1YrFhA5Ij7UMDUnAVDuZHTPBp0bpYj+S5oWAZ+rviYQESo0DzyQDAn216E3F/7yWBv+6nfAw1sBCOl/ka4EhwtNmcJdLRkGMDSFUcvNXTPtEEgqmv6wpwVk8eZnUL0qO4beX+XIlrSODjtEJKiAHXaEyqqAqqiGKHtEzekVv1pP1Yr1bH/PoipXOHKE/sD5/ANt5mZk=</latexit><latexit sha1_base64="txh6K509qJqeUFh1G9BocI207E0=">AAACDHicbVDLSgMxFM34rPVVdekmWIRWsMyIoMuCmy4r2Ad0asmkmTY08zC5KS1DP8CNv+LGhSJu/QB3/o1pOwttPRA4nHMuN/d4seAKbPvbWlldW9/YzGxlt3d29/ZzB4d1FWlJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gZuo3hkwqHoV3MI5ZOyC9kPucEjBSJ5f3788KUMQue9B8iF2l484IuwmM8Dn2C6OiOymZlF2yZ8DLxElJHqWodnJfbjeiOmAhUEGUajl2DO2ESOBUsEnW1YrFhA5Ij7UMDUnAVDuZHTPBp0bpYj+S5oWAZ+rviYQESo0DzyQDAn216E3F/7yWBv+6nfAw1sBCOl/ka4EhwtNmcJdLRkGMDSFUcvNXTPtEEgqmv6wpwVk8eZnUL0qO4beX+XIlrSODjtEJKiAHXaEyqqAqqiGKHtEzekVv1pP1Yr1bH/PoipXOHKE/sD5/ANt5mZk=</latexit><latexit sha1_base64="txh6K509qJqeUFh1G9BocI207E0=">AAACDHicbVDLSgMxFM34rPVVdekmWIRWsMyIoMuCmy4r2Ad0asmkmTY08zC5KS1DP8CNv+LGhSJu/QB3/o1pOwttPRA4nHMuN/d4seAKbPvbWlldW9/YzGxlt3d29/ZzB4d1FWlJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gZuo3hkwqHoV3MI5ZOyC9kPucEjBSJ5f3788KUMQue9B8iF2l484IuwmM8Dn2C6OiOymZlF2yZ8DLxElJHqWodnJfbjeiOmAhUEGUajl2DO2ESOBUsEnW1YrFhA5Ij7UMDUnAVDuZHTPBp0bpYj+S5oWAZ+rviYQESo0DzyQDAn216E3F/7yWBv+6nfAw1sBCOl/ka4EhwtNmcJdLRkGMDSFUcvNXTPtEEgqmv6wpwVk8eZnUL0qO4beX+XIlrSODjtEJKiAHXaEyqqAqqiGKHtEzekVv1pP1Yr1bH/PoipXOHKE/sD5/ANt5mZk=</latexit><latexit sha1_base64="txh6K509qJqeUFh1G9BocI207E0=">AAACDHicbVDLSgMxFM34rPVVdekmWIRWsMyIoMuCmy4r2Ad0asmkmTY08zC5KS1DP8CNv+LGhSJu/QB3/o1pOwttPRA4nHMuN/d4seAKbPvbWlldW9/YzGxlt3d29/ZzB4d1FWlJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gZuo3hkwqHoV3MI5ZOyC9kPucEjBSJ5f3788KUMQue9B8iF2l484IuwmM8Dn2C6OiOymZlF2yZ8DLxElJHqWodnJfbjeiOmAhUEGUajl2DO2ESOBUsEnW1YrFhA5Ij7UMDUnAVDuZHTPBp0bpYj+S5oWAZ+rviYQESo0DzyQDAn216E3F/7yWBv+6nfAw1sBCOl/ka4EhwtNmcJdLRkGMDSFUcvNXTPtEEgqmv6wpwVk8eZnUL0qO4beX+XIlrSODjtEJKiAHXaEyqqAqqiGKHtEzekVv1pP1Yr1bH/PoipXOHKE/sD5/ANt5mZk=</latexit>



GAN’s in Broad Strokes

• Solve a saddle-point problem


• Use an expressive parameterized family of functions                    . 


• Adversarial:     wants to minimize the objective, and     wants to maximize.

✓f = arg inf
✓

sup
�


E

x⇠p
T�(x)� E

z⇠⇢
f⇤(T�(g✓(z)))

�
.

<latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit><latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit><latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit><latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit>

T� : X ! R
<latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit><latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit><latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit><latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit>

g✓
<latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit>

T�
<latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit><latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit><latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit><latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit>



Proof of the Lower Bound

• Fenchel duality: f(x) = sup
t
{tx� f⇤(t)}.

<latexit sha1_base64="8AqxLh1EMn7vvetRzkZmHLLMACU=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEitIIlEUE3QsFNlxXsBZpYJtNJO3RyYeZEWkJ3bnwVNy4UcesruPNtnLZZaPWHgY//nMOZ83ux4Aos68vILS2vrK7l1wsbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g9rbfumVQ8Cm9hHDM3IP2Q+5wS0FbXPPRLozK+wo5K4i5gJ4URPsX+3UkJys6k0jWLVsWaCf8FO4MiylTvmp9OL6JJwEKggijVsa0Y3JRI4FSwScFJFIsJHZI+62gMScCUm87umOBj7fSwH0n9QsAz9+dESgKlxoGnOwMCA7VYm5r/1ToJ+JduysM4ARbS+SI/ERgiPA0F97hkFMRYA6GS679iOiCSUNDRFXQI9uLJf6F5VrE135wXq7Usjjw6QEeohGx0gaqohuqogSh6QE/oBb0aj8az8Wa8z1tzRjazj37J+PgGZM+XGg==</latexit><latexit sha1_base64="8AqxLh1EMn7vvetRzkZmHLLMACU=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEitIIlEUE3QsFNlxXsBZpYJtNJO3RyYeZEWkJ3bnwVNy4UcesruPNtnLZZaPWHgY//nMOZ83ux4Aos68vILS2vrK7l1wsbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g9rbfumVQ8Cm9hHDM3IP2Q+5wS0FbXPPRLozK+wo5K4i5gJ4URPsX+3UkJys6k0jWLVsWaCf8FO4MiylTvmp9OL6JJwEKggijVsa0Y3JRI4FSwScFJFIsJHZI+62gMScCUm87umOBj7fSwH0n9QsAz9+dESgKlxoGnOwMCA7VYm5r/1ToJ+JduysM4ARbS+SI/ERgiPA0F97hkFMRYA6GS679iOiCSUNDRFXQI9uLJf6F5VrE135wXq7Usjjw6QEeohGx0gaqohuqogSh6QE/oBb0aj8az8Wa8z1tzRjazj37J+PgGZM+XGg==</latexit><latexit sha1_base64="8AqxLh1EMn7vvetRzkZmHLLMACU=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEitIIlEUE3QsFNlxXsBZpYJtNJO3RyYeZEWkJ3bnwVNy4UcesruPNtnLZZaPWHgY//nMOZ83ux4Aos68vILS2vrK7l1wsbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g9rbfumVQ8Cm9hHDM3IP2Q+5wS0FbXPPRLozK+wo5K4i5gJ4URPsX+3UkJys6k0jWLVsWaCf8FO4MiylTvmp9OL6JJwEKggijVsa0Y3JRI4FSwScFJFIsJHZI+62gMScCUm87umOBj7fSwH0n9QsAz9+dESgKlxoGnOwMCA7VYm5r/1ToJ+JduysM4ARbS+SI/ERgiPA0F97hkFMRYA6GS679iOiCSUNDRFXQI9uLJf6F5VrE135wXq7Usjjw6QEeohGx0gaqohuqogSh6QE/oBb0aj8az8Wa8z1tzRjazj37J+PgGZM+XGg==</latexit><latexit sha1_base64="8AqxLh1EMn7vvetRzkZmHLLMACU=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEitIIlEUE3QsFNlxXsBZpYJtNJO3RyYeZEWkJ3bnwVNy4UcesruPNtnLZZaPWHgY//nMOZ83ux4Aos68vILS2vrK7l1wsbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g9rbfumVQ8Cm9hHDM3IP2Q+5wS0FbXPPRLozK+wo5K4i5gJ4URPsX+3UkJys6k0jWLVsWaCf8FO4MiylTvmp9OL6JJwEKggijVsa0Y3JRI4FSwScFJFIsJHZI+62gMScCUm87umOBj7fSwH0n9QsAz9+dESgKlxoGnOwMCA7VYm5r/1ToJ+JduysM4ARbS+SI/ERgiPA0F97hkFMRYA6GS679iOiCSUNDRFXQI9uLJf6F5VrE135wXq7Usjjw6QEeohGx0gaqohuqogSh6QE/oBb0aj8az8Wa8z1tzRjazj37J+PgGZM+XGg==</latexit>
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<latexit sha1_base64="jKJMkxTgUMGFsTo7UOz3DOykVYk="></latexit><latexit sha1_base64="jKJMkxTgUMGFsTo7UOz3DOykVYk="></latexit><latexit sha1_base64="jKJMkxTgUMGFsTo7UOz3DOykVYk="></latexit><latexit sha1_base64="jKJMkxTgUMGFsTo7UOz3DOykVYk="></latexit>



GAN’s in Broad Strokes

• Solve a saddle-point problem


• Use an expressive parameterized family of functions                    . 


• Adversarial:     wants to minimize the objective, and     wants to maximize.

✓f = arg inf
✓

sup
�


E

x⇠p
T�(x)� E

z⇠⇢
f⇤(T�(g✓(z)))

�
.

<latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit><latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit><latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit><latexit sha1_base64="9iINyV3S1rQ2Bm6D2vFJsi4NmDg="></latexit>

T� : X ! R
<latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit><latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit><latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit><latexit sha1_base64="GPGi8TxE2t85AcBAfR9WrBs3Tl4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKK4Kbrqs0hc0oUymk3boZBJmJkIJ+QA3/oobF4q49QPc+TdO2iy09cDAmXPv5d5z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86W1e7z1QqVgk2noWUy/EY8ECRrA20rBaaw/deMLQDXJDrCcE87SfIVdHi7/vp/eZ6bLr9hxolTgFqUGB1rD65Y4ikoRUaMKxUgPHjrWXYqkZ4TSruImiMSZTPKYDQwUOqfLSuZkMnRllhIJImic0mqu/J1IcKjULfdOZX6iWa7n4X22Q6ODaS5mIE00FWSwKEo6M1zwZNGKSEs1nhmAimbkVkQmWmGiTX8WE4CxbXiXdi7pj+N1lrdEs4ijDCZzCOThwBQ1oQgs6QOARnuEV3qwn68V6tz4WrSWrmDmGP7A+fwDzs5ry</latexit>

g✓
<latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit>

T�
<latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit><latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit><latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit><latexit sha1_base64="WSWFAbMdp4PYin68jpC1etpqiCA=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHoseOmxQr+gXUo2zbax2WRJZoVS+h+8eFDEq//Hm//GtN2Dtr4QeHhnhsy8USqFRd//9jY2t7Z3dgt7xf2Dw6Pj0slpy+rMMN5kWmrTiajlUijeRIGSd1LDaRJJ3o7G9/N6+4kbK7Rq4CTlYUKHSsSCUXRWq9HvpSPRL5X9ir8QWYcghzLkqvdLX72BZlnCFTJJre0GforhlBoUTPJZsZdZnlI2pkPedahowm04XWw7I5fOGZBYG/cUkoX7e2JKE2snSeQ6E4oju1qbm//VuhnGd+FUqDRDrtjyoziTBDWZn04GwnCGcuKAMiPcroSNqKEMXUBFF0KwevI6tK4rgeOHm3K1lsdRgHO4gCsI4BaqUIM6NIHBIzzDK7x52nvx3r2PZeuGl8+cwR95nz9xqY8M</latexit>



The Goodfellow GAN

• Pick a divergence, e.g.                                                       results in


• Compute the convex conjugate (hint: calculus). In this case:


• Parameterizing                                results in

f(x) = x log x� (x+ 1) log(x+ 1)
<latexit sha1_base64="1L/Px38OewxtEmfSinxqipx9TYc=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCi1hmRNCNUHDTZQV7gXYomTTThmaSIcnIlKFbN76KGxeKuPUN3Pk2ptNZaOsPgS//OYfk/H7EqNKO822trK6tb2wWtorbO7t7+/bBYUuJWGLSxIIJ2fGRIoxy0tRUM9KJJEGhz0jbH9/O6u0HIhUV/F5PIuKFaMhpQDHSxurbMCgnFXgDkx4TQ5jAc1hOztxKdsuob5ecqpMJLoObQwnkavTtr95A4DgkXGOGlOq6TqS9FElNMSPTYi9WJEJ4jIaka5CjkCgvzTaZwlPjDGAgpDlcw8z9PZGiUKlJ6JvOEOmRWqzNzP9q3VgH115KeRRrwvH8oSBmUAs4iwUOqCRYs4kBhCU1f4V4hCTC2oRXNCG4iysvQ+ui6hq+uyzV6nkcBXAMTkAZuOAK1EAdNEATYPAInsEreLOerBfr3fqYt65Y+cwR+CPr8wcOppbA</latexit><latexit sha1_base64="1L/Px38OewxtEmfSinxqipx9TYc=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCi1hmRNCNUHDTZQV7gXYomTTThmaSIcnIlKFbN76KGxeKuPUN3Pk2ptNZaOsPgS//OYfk/H7EqNKO822trK6tb2wWtorbO7t7+/bBYUuJWGLSxIIJ2fGRIoxy0tRUM9KJJEGhz0jbH9/O6u0HIhUV/F5PIuKFaMhpQDHSxurbMCgnFXgDkx4TQ5jAc1hOztxKdsuob5ecqpMJLoObQwnkavTtr95A4DgkXGOGlOq6TqS9FElNMSPTYi9WJEJ4jIaka5CjkCgvzTaZwlPjDGAgpDlcw8z9PZGiUKlJ6JvOEOmRWqzNzP9q3VgH115KeRRrwvH8oSBmUAs4iwUOqCRYs4kBhCU1f4V4hCTC2oRXNCG4iysvQ+ui6hq+uyzV6nkcBXAMTkAZuOAK1EAdNEATYPAInsEreLOerBfr3fqYt65Y+cwR+CPr8wcOppbA</latexit><latexit sha1_base64="1L/Px38OewxtEmfSinxqipx9TYc=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCi1hmRNCNUHDTZQV7gXYomTTThmaSIcnIlKFbN76KGxeKuPUN3Pk2ptNZaOsPgS//OYfk/H7EqNKO822trK6tb2wWtorbO7t7+/bBYUuJWGLSxIIJ2fGRIoxy0tRUM9KJJEGhz0jbH9/O6u0HIhUV/F5PIuKFaMhpQDHSxurbMCgnFXgDkx4TQ5jAc1hOztxKdsuob5ecqpMJLoObQwnkavTtr95A4DgkXGOGlOq6TqS9FElNMSPTYi9WJEJ4jIaka5CjkCgvzTaZwlPjDGAgpDlcw8z9PZGiUKlJ6JvOEOmRWqzNzP9q3VgH115KeRRrwvH8oSBmUAs4iwUOqCRYs4kBhCU1f4V4hCTC2oRXNCG4iysvQ+ui6hq+uyzV6nkcBXAMTkAZuOAK1EAdNEATYPAInsEreLOerBfr3fqYt65Y+cwR+CPr8wcOppbA</latexit><latexit sha1_base64="1L/Px38OewxtEmfSinxqipx9TYc=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCi1hmRNCNUHDTZQV7gXYomTTThmaSIcnIlKFbN76KGxeKuPUN3Pk2ptNZaOsPgS//OYfk/H7EqNKO822trK6tb2wWtorbO7t7+/bBYUuJWGLSxIIJ2fGRIoxy0tRUM9KJJEGhz0jbH9/O6u0HIhUV/F5PIuKFaMhpQDHSxurbMCgnFXgDkx4TQ5jAc1hOztxKdsuob5ecqpMJLoObQwnkavTtr95A4DgkXGOGlOq6TqS9FElNMSPTYi9WJEJ4jIaka5CjkCgvzTaZwlPjDGAgpDlcw8z9PZGiUKlJ6JvOEOmRWqzNzP9q3VgH115KeRRrwvH8oSBmUAs4iwUOqCRYs4kBhCU1f4V4hCTC2oRXNCG4iysvQ+ui6hq+uyzV6nkcBXAMTkAZuOAK1EAdNEATYPAInsEreLOerBfr3fqYt65Y+cwR+CPr8wcOppbA</latexit>

f⇤(t) = � log(1� et).
<latexit sha1_base64="r+WKwXnQpPY3D4+evKna07lFhiM=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL0AotMyLoRii46bKCvUA7LZk004ZmJkNyRihD3fgqblwo4ta3cOfbmF4W2vpD4OM/53Byfj8WXIPjfFsrq2vrG5uZrez2zu7evn1wWNcyUZTVqBRSNX2imeARqwEHwZqxYiT0BWv4w9tJvfHAlOYyuodRzLyQ9CMecErAWF37OOic56GAb3CxLWQ/7+IiZh0olLp2zik5U+FlcOeQQ3NVu/ZXuydpErIIqCBat1wnBi8lCjgVbJxtJ5rFhA5Jn7UMRiRk2kunF4zxmXF6OJDKvAjw1P09kZJQ61Hom86QwEAv1ibmf7VWAsG1l/IoToBFdLYoSAQGiSdx4B5XjIIYGSBUcfNXTAdEEQomtKwJwV08eRnqFyXX8N1lrlyZx5FBJ+gU5ZGLrlAZVVAV1RBFj+gZvaI368l6sd6tj1nrijWfOUJ/ZH3+ANdCk/A=</latexit><latexit sha1_base64="r+WKwXnQpPY3D4+evKna07lFhiM=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL0AotMyLoRii46bKCvUA7LZk004ZmJkNyRihD3fgqblwo4ta3cOfbmF4W2vpD4OM/53Byfj8WXIPjfFsrq2vrG5uZrez2zu7evn1wWNcyUZTVqBRSNX2imeARqwEHwZqxYiT0BWv4w9tJvfHAlOYyuodRzLyQ9CMecErAWF37OOic56GAb3CxLWQ/7+IiZh0olLp2zik5U+FlcOeQQ3NVu/ZXuydpErIIqCBat1wnBi8lCjgVbJxtJ5rFhA5Jn7UMRiRk2kunF4zxmXF6OJDKvAjw1P09kZJQ61Hom86QwEAv1ibmf7VWAsG1l/IoToBFdLYoSAQGiSdx4B5XjIIYGSBUcfNXTAdEEQomtKwJwV08eRnqFyXX8N1lrlyZx5FBJ+gU5ZGLrlAZVVAV1RBFj+gZvaI368l6sd6tj1nrijWfOUJ/ZH3+ANdCk/A=</latexit><latexit sha1_base64="r+WKwXnQpPY3D4+evKna07lFhiM=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL0AotMyLoRii46bKCvUA7LZk004ZmJkNyRihD3fgqblwo4ta3cOfbmF4W2vpD4OM/53Byfj8WXIPjfFsrq2vrG5uZrez2zu7evn1wWNcyUZTVqBRSNX2imeARqwEHwZqxYiT0BWv4w9tJvfHAlOYyuodRzLyQ9CMecErAWF37OOic56GAb3CxLWQ/7+IiZh0olLp2zik5U+FlcOeQQ3NVu/ZXuydpErIIqCBat1wnBi8lCjgVbJxtJ5rFhA5Jn7UMRiRk2kunF4zxmXF6OJDKvAjw1P09kZJQ61Hom86QwEAv1ibmf7VWAsG1l/IoToBFdLYoSAQGiSdx4B5XjIIYGSBUcfNXTAdEEQomtKwJwV08eRnqFyXX8N1lrlyZx5FBJ+gU5ZGLrlAZVVAV1RBFj+gZvaI368l6sd6tj1nrijWfOUJ/ZH3+ANdCk/A=</latexit><latexit sha1_base64="r+WKwXnQpPY3D4+evKna07lFhiM=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL0AotMyLoRii46bKCvUA7LZk004ZmJkNyRihD3fgqblwo4ta3cOfbmF4W2vpD4OM/53Byfj8WXIPjfFsrq2vrG5uZrez2zu7evn1wWNcyUZTVqBRSNX2imeARqwEHwZqxYiT0BWv4w9tJvfHAlOYyuodRzLyQ9CMecErAWF37OOic56GAb3CxLWQ/7+IiZh0olLp2zik5U+FlcOeQQ3NVu/ZXuydpErIIqCBat1wnBi8lCjgVbJxtJ5rFhA5Jn7UMRiRk2kunF4zxmXF6OJDKvAjw1P09kZJQ61Hom86QwEAv1ibmf7VWAsG1l/IoToBFdLYoSAQGiSdx4B5XjIIYGSBUcfNXTAdEEQomtKwJwV08eRnqFyXX8N1lrlyZx5FBJ+gU5ZGLrlAZVVAV1RBFj+gZvaI368l6sd6tj1nrijWfOUJ/ZH3+ANdCk/A=</latexit>

Df (p||q) ⌘ 2JSD(p, q)� log(4).
<latexit sha1_base64="yVwf+5BWd6GI06VzCzdjX8HPSgY=">AAACFXicbZDLSgNBEEV7fMb4irp00xiECDHMSECXAV0EVxFNFDIh9HRqYmPPw+6aYBjzE278FTcuFHEruPNv7DwWarzQcLhVRXVdL5ZCo21/WTOzc/MLi5ml7PLK6tp6bmOzoaNEcajzSEbqymMapAihjgIlXMUKWOBJuPRujof1yx4oLaLwAvsxtALWDYUvOENjtXPFk7ZfiO/vb/eoC7eJ6NEDF+EO09Pzk0EhLhp/n7oy6hbKe6V2Lm+X7JHoNDgTyJOJau3cp9uJeBJAiFwyrZuOHWMrZQoFlzDIuomGmPEb1oWmwZAFoFvp6KoB3TVOh/qRMi9EOnJ/TqQs0LofeKYzYHit/9aG5n+1ZoL+USsVYZwghHy8yE8kxYgOI6IdoYCj7BtgXAnzV8qvmWIcTZBZE4Lz9+RpaByUHMNn5XylOokjQ7bJDikQhxySCqmSGqkTTh7IE3khr9aj9Wy9We/j1hlrMrNFfsn6+AbKSpyq</latexit><latexit sha1_base64="yVwf+5BWd6GI06VzCzdjX8HPSgY=">AAACFXicbZDLSgNBEEV7fMb4irp00xiECDHMSECXAV0EVxFNFDIh9HRqYmPPw+6aYBjzE278FTcuFHEruPNv7DwWarzQcLhVRXVdL5ZCo21/WTOzc/MLi5ml7PLK6tp6bmOzoaNEcajzSEbqymMapAihjgIlXMUKWOBJuPRujof1yx4oLaLwAvsxtALWDYUvOENjtXPFk7ZfiO/vb/eoC7eJ6NEDF+EO09Pzk0EhLhp/n7oy6hbKe6V2Lm+X7JHoNDgTyJOJau3cp9uJeBJAiFwyrZuOHWMrZQoFlzDIuomGmPEb1oWmwZAFoFvp6KoB3TVOh/qRMi9EOnJ/TqQs0LofeKYzYHit/9aG5n+1ZoL+USsVYZwghHy8yE8kxYgOI6IdoYCj7BtgXAnzV8qvmWIcTZBZE4Lz9+RpaByUHMNn5XylOokjQ7bJDikQhxySCqmSGqkTTh7IE3khr9aj9Wy9We/j1hlrMrNFfsn6+AbKSpyq</latexit><latexit sha1_base64="yVwf+5BWd6GI06VzCzdjX8HPSgY=">AAACFXicbZDLSgNBEEV7fMb4irp00xiECDHMSECXAV0EVxFNFDIh9HRqYmPPw+6aYBjzE278FTcuFHEruPNv7DwWarzQcLhVRXVdL5ZCo21/WTOzc/MLi5ml7PLK6tp6bmOzoaNEcajzSEbqymMapAihjgIlXMUKWOBJuPRujof1yx4oLaLwAvsxtALWDYUvOENjtXPFk7ZfiO/vb/eoC7eJ6NEDF+EO09Pzk0EhLhp/n7oy6hbKe6V2Lm+X7JHoNDgTyJOJau3cp9uJeBJAiFwyrZuOHWMrZQoFlzDIuomGmPEb1oWmwZAFoFvp6KoB3TVOh/qRMi9EOnJ/TqQs0LofeKYzYHit/9aG5n+1ZoL+USsVYZwghHy8yE8kxYgOI6IdoYCj7BtgXAnzV8qvmWIcTZBZE4Lz9+RpaByUHMNn5XylOokjQ7bJDikQhxySCqmSGqkTTh7IE3khr9aj9Wy9We/j1hlrMrNFfsn6+AbKSpyq</latexit><latexit sha1_base64="yVwf+5BWd6GI06VzCzdjX8HPSgY=">AAACFXicbZDLSgNBEEV7fMb4irp00xiECDHMSECXAV0EVxFNFDIh9HRqYmPPw+6aYBjzE278FTcuFHEruPNv7DwWarzQcLhVRXVdL5ZCo21/WTOzc/MLi5ml7PLK6tp6bmOzoaNEcajzSEbqymMapAihjgIlXMUKWOBJuPRujof1yx4oLaLwAvsxtALWDYUvOENjtXPFk7ZfiO/vb/eoC7eJ6NEDF+EO09Pzk0EhLhp/n7oy6hbKe6V2Lm+X7JHoNDgTyJOJau3cp9uJeBJAiFwyrZuOHWMrZQoFlzDIuomGmPEb1oWmwZAFoFvp6KoB3TVOh/qRMi9EOnJ/TqQs0LofeKYzYHit/9aG5n+1ZoL+USsVYZwghHy8yE8kxYgOI6IdoYCj7BtgXAnzV8qvmWIcTZBZE4Lz9+RpaByUHMNn5XylOokjQ7bJDikQhxySCqmSGqkTTh7IE3khr9aj9Wy9We/j1hlrMrNFfsn6+AbKSpyq</latexit>

T�(x) = log(d�(x))
<latexit sha1_base64="YDHaKBXzWNc/mmLWezFxGaSV05I=">AAACBHicbZDLSgMxFIYzXmu9jbrsJliEdlNmRNCNUHDTZYXeoFOGTCbThmaSIcmIZejCja/ixoUibn0Id76NaTuCtv4Q+PjPOZycP0gYVdpxvqy19Y3Nre3CTnF3b//g0D467iiRSkzaWDAhewFShFFO2ppqRnqJJCgOGOkG45tZvXtHpKKCt/QkIYMYDTmNKEbaWL5davleMqKV+yq8hh4Tw0r4Y1R9u+zUnLngKrg5lEGupm9/eqHAaUy4xgwp1XedRA8yJDXFjEyLXqpIgvAYDUnfIEcxUYNsfsQUnhknhJGQ5nEN5+7viQzFSk3iwHTGSI/Ucm1m/lfrpzq6GmSUJ6kmHC8WRSmDWsBZIjCkkmDNJgYQltT8FeIRkghrk1vRhOAun7wKnfOaa/j2olxv5HEUQAmcggpwwSWogwZogjbA4AE8gRfwaj1az9ab9b5oXbPymRPwR9bHNwkilm0=</latexit><latexit sha1_base64="YDHaKBXzWNc/mmLWezFxGaSV05I=">AAACBHicbZDLSgMxFIYzXmu9jbrsJliEdlNmRNCNUHDTZYXeoFOGTCbThmaSIcmIZejCja/ixoUibn0Id76NaTuCtv4Q+PjPOZycP0gYVdpxvqy19Y3Nre3CTnF3b//g0D467iiRSkzaWDAhewFShFFO2ppqRnqJJCgOGOkG45tZvXtHpKKCt/QkIYMYDTmNKEbaWL5davleMqKV+yq8hh4Tw0r4Y1R9u+zUnLngKrg5lEGupm9/eqHAaUy4xgwp1XedRA8yJDXFjEyLXqpIgvAYDUnfIEcxUYNsfsQUnhknhJGQ5nEN5+7viQzFSk3iwHTGSI/Ucm1m/lfrpzq6GmSUJ6kmHC8WRSmDWsBZIjCkkmDNJgYQltT8FeIRkghrk1vRhOAun7wKnfOaa/j2olxv5HEUQAmcggpwwSWogwZogjbA4AE8gRfwaj1az9ab9b5oXbPymRPwR9bHNwkilm0=</latexit><latexit sha1_base64="YDHaKBXzWNc/mmLWezFxGaSV05I=">AAACBHicbZDLSgMxFIYzXmu9jbrsJliEdlNmRNCNUHDTZYXeoFOGTCbThmaSIcmIZejCja/ixoUibn0Id76NaTuCtv4Q+PjPOZycP0gYVdpxvqy19Y3Nre3CTnF3b//g0D467iiRSkzaWDAhewFShFFO2ppqRnqJJCgOGOkG45tZvXtHpKKCt/QkIYMYDTmNKEbaWL5davleMqKV+yq8hh4Tw0r4Y1R9u+zUnLngKrg5lEGupm9/eqHAaUy4xgwp1XedRA8yJDXFjEyLXqpIgvAYDUnfIEcxUYNsfsQUnhknhJGQ5nEN5+7viQzFSk3iwHTGSI/Ucm1m/lfrpzq6GmSUJ6kmHC8WRSmDWsBZIjCkkmDNJgYQltT8FeIRkghrk1vRhOAun7wKnfOaa/j2olxv5HEUQAmcggpwwSWogwZogjbA4AE8gRfwaj1az9ab9b5oXbPymRPwR9bHNwkilm0=</latexit><latexit sha1_base64="YDHaKBXzWNc/mmLWezFxGaSV05I=">AAACBHicbZDLSgMxFIYzXmu9jbrsJliEdlNmRNCNUHDTZYXeoFOGTCbThmaSIcmIZejCja/ixoUibn0Id76NaTuCtv4Q+PjPOZycP0gYVdpxvqy19Y3Nre3CTnF3b//g0D467iiRSkzaWDAhewFShFFO2ppqRnqJJCgOGOkG45tZvXtHpKKCt/QkIYMYDTmNKEbaWL5davleMqKV+yq8hh4Tw0r4Y1R9u+zUnLngKrg5lEGupm9/eqHAaUy4xgwp1XedRA8yJDXFjEyLXqpIgvAYDUnfIEcxUYNsfsQUnhknhJGQ5nEN5+7viQzFSk3iwHTGSI/Ucm1m/lfrpzq6GmSUJ6kmHC8WRSmDWsBZIjCkkmDNJgYQltT8FeIRkghrk1vRhOAun7wKnfOaa/j2olxv5HEUQAmcggpwwSWogwZogjbA4AE8gRfwaj1az9ab9b5oXbPymRPwR9bHNwkilm0=</latexit>

✓f = arg inf
✓

sup
�


E

x⇠p
log d�(x) + E

z⇠⇢
log(1� d�(g✓(z)))

�
.

<latexit sha1_base64="NOY9nLMkjrJaHhwmSPHFs6i44Uk="></latexit><latexit sha1_base64="NOY9nLMkjrJaHhwmSPHFs6i44Uk="></latexit><latexit sha1_base64="NOY9nLMkjrJaHhwmSPHFs6i44Uk="></latexit><latexit sha1_base64="NOY9nLMkjrJaHhwmSPHFs6i44Uk="></latexit>



The Discriminator Perspective

• The GAN objective looks a bit like a binary cross-entropy loss:


• We can formalize this observation. Let                             and define 


• Let                                            . The objective can be re-written as

E
x⇠p

log d�(x) + E
z⇠⇢

log(1� d�(g✓(z))).
<latexit sha1_base64="krpweOiiqFOFASNjrUpeGMt6I1Q="></latexit><latexit sha1_base64="krpweOiiqFOFASNjrUpeGMt6I1Q="></latexit><latexit sha1_base64="krpweOiiqFOFASNjrUpeGMt6I1Q="></latexit><latexit sha1_base64="krpweOiiqFOFASNjrUpeGMt6I1Q="></latexit>

y ⇠ Bernoulli(.5)
<latexit sha1_base64="O3VJ+OoTvJFg/BOgO4msVe1dRmY=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQxCbMKuKFoGbVJGMBdIQpidnCRDZmeXmbPisqSw8VVsLBSx9SHsfBsnl0ITfxj4+M85nDm/H0lh0HW/nZXVtfWNzcxWdntnd28/d3BYN2GsOdR4KEPd9JkBKRTUUKCEZqSBBb6Ehj+6mdQb96CNCNUdJhF0AjZQoi84Q2t1c/mEto0IaBvhAdNr0CqMpRTjYunitJsruCV3KroM3hwKZK5qN/fV7oU8DkAhl8yYludG2EmZRsEljLPt2EDE+IgNoGVRsQBMJ50eMaYn1unRfqjtU0in7u+JlAXGJIFvOwOGQ7NYm5j/1Vox9q86qVBRjKD4bFE/lhRDOkmE9oQGjjKxwLgW9q+UD5lmHG1uWRuCt3jyMtTPSp7l2/NCuTKPI0Py5JgUiUcuSZlUSJXUCCeP5Jm8kjfnyXlx3p2PWeuKM585In/kfP4A3OeXlg==</latexit><latexit sha1_base64="O3VJ+OoTvJFg/BOgO4msVe1dRmY=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQxCbMKuKFoGbVJGMBdIQpidnCRDZmeXmbPisqSw8VVsLBSx9SHsfBsnl0ITfxj4+M85nDm/H0lh0HW/nZXVtfWNzcxWdntnd28/d3BYN2GsOdR4KEPd9JkBKRTUUKCEZqSBBb6Ehj+6mdQb96CNCNUdJhF0AjZQoi84Q2t1c/mEto0IaBvhAdNr0CqMpRTjYunitJsruCV3KroM3hwKZK5qN/fV7oU8DkAhl8yYludG2EmZRsEljLPt2EDE+IgNoGVRsQBMJ50eMaYn1unRfqjtU0in7u+JlAXGJIFvOwOGQ7NYm5j/1Vox9q86qVBRjKD4bFE/lhRDOkmE9oQGjjKxwLgW9q+UD5lmHG1uWRuCt3jyMtTPSp7l2/NCuTKPI0Py5JgUiUcuSZlUSJXUCCeP5Jm8kjfnyXlx3p2PWeuKM585In/kfP4A3OeXlg==</latexit><latexit sha1_base64="O3VJ+OoTvJFg/BOgO4msVe1dRmY=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQxCbMKuKFoGbVJGMBdIQpidnCRDZmeXmbPisqSw8VVsLBSx9SHsfBsnl0ITfxj4+M85nDm/H0lh0HW/nZXVtfWNzcxWdntnd28/d3BYN2GsOdR4KEPd9JkBKRTUUKCEZqSBBb6Ehj+6mdQb96CNCNUdJhF0AjZQoi84Q2t1c/mEto0IaBvhAdNr0CqMpRTjYunitJsruCV3KroM3hwKZK5qN/fV7oU8DkAhl8yYludG2EmZRsEljLPt2EDE+IgNoGVRsQBMJ50eMaYn1unRfqjtU0in7u+JlAXGJIFvOwOGQ7NYm5j/1Vox9q86qVBRjKD4bFE/lhRDOkmE9oQGjjKxwLgW9q+UD5lmHG1uWRuCt3jyMtTPSp7l2/NCuTKPI0Py5JgUiUcuSZlUSJXUCCeP5Jm8kjfnyXlx3p2PWeuKM585In/kfP4A3OeXlg==</latexit><latexit sha1_base64="O3VJ+OoTvJFg/BOgO4msVe1dRmY=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQxCbMKuKFoGbVJGMBdIQpidnCRDZmeXmbPisqSw8VVsLBSx9SHsfBsnl0ITfxj4+M85nDm/H0lh0HW/nZXVtfWNzcxWdntnd28/d3BYN2GsOdR4KEPd9JkBKRTUUKCEZqSBBb6Ehj+6mdQb96CNCNUdJhF0AjZQoi84Q2t1c/mEto0IaBvhAdNr0CqMpRTjYunitJsruCV3KroM3hwKZK5qN/fV7oU8DkAhl8yYludG2EmZRsEljLPt2EDE+IgNoGVRsQBMJ50eMaYn1unRfqjtU0in7u+JlAXGJIFvOwOGQ7NYm5j/1Vox9q86qVBRjKD4bFE/lhRDOkmE9oQGjjKxwLgW9q+UD5lmHG1uWRuCt3jyMtTPSp7l2/NCuTKPI0Py5JgUiUcuSZlUSJXUCCeP5Jm8kjfnyXlx3p2PWeuKM585In/kfP4A3OeXlg==</latexit>

r✓(x|y = 0) = p✓(x)

r✓(x|y = 1) = p(x).
<latexit sha1_base64="pmTXukKOyu/FedAJx22S5VuGjmA=">AAACInicbVDLSgMxFM3UV62vUZdugkVpN2VGBHVRKLjpsoJ9QKeUTJppQzMPkjtiGfstbvwVNy4UdSX4MabtILb1QOBwzrnc3ONGgiuwrC8js7K6tr6R3cxtbe/s7pn7Bw0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13eH1xG/eMal4GNzCKGIdn/QD7nFKQEtd80p2HRgwIIX7h1HZKuLTMo5+paLj5OYC9iygnVLXzFslawq8TOyU5FGKWtf8cHohjX0WABVEqbZtRdBJiAROBRvnnFixiNAh6bO2pgHxmeok0xPH+EQrPeyFUr8A8FT9O5EQX6mR7+qkT2CgFr2J+J/XjsG77CQ8iGJgAZ0t8mKBIcSTvnCPS0ZBjDQhVHL9V0wHRBIKutWcLsFePHmZNM5KtuY35/lKNa0ji47QMSogG12gCqqiGqojih7RM3pFb8aT8WK8G5+zaMZIZw7RHIzvH7g3oUE=</latexit><latexit sha1_base64="pmTXukKOyu/FedAJx22S5VuGjmA=">AAACInicbVDLSgMxFM3UV62vUZdugkVpN2VGBHVRKLjpsoJ9QKeUTJppQzMPkjtiGfstbvwVNy4UdSX4MabtILb1QOBwzrnc3ONGgiuwrC8js7K6tr6R3cxtbe/s7pn7Bw0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13eH1xG/eMal4GNzCKGIdn/QD7nFKQEtd80p2HRgwIIX7h1HZKuLTMo5+paLj5OYC9iygnVLXzFslawq8TOyU5FGKWtf8cHohjX0WABVEqbZtRdBJiAROBRvnnFixiNAh6bO2pgHxmeok0xPH+EQrPeyFUr8A8FT9O5EQX6mR7+qkT2CgFr2J+J/XjsG77CQ8iGJgAZ0t8mKBIcSTvnCPS0ZBjDQhVHL9V0wHRBIKutWcLsFePHmZNM5KtuY35/lKNa0ji47QMSogG12gCqqiGqojih7RM3pFb8aT8WK8G5+zaMZIZw7RHIzvH7g3oUE=</latexit><latexit sha1_base64="pmTXukKOyu/FedAJx22S5VuGjmA=">AAACInicbVDLSgMxFM3UV62vUZdugkVpN2VGBHVRKLjpsoJ9QKeUTJppQzMPkjtiGfstbvwVNy4UdSX4MabtILb1QOBwzrnc3ONGgiuwrC8js7K6tr6R3cxtbe/s7pn7Bw0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13eH1xG/eMal4GNzCKGIdn/QD7nFKQEtd80p2HRgwIIX7h1HZKuLTMo5+paLj5OYC9iygnVLXzFslawq8TOyU5FGKWtf8cHohjX0WABVEqbZtRdBJiAROBRvnnFixiNAh6bO2pgHxmeok0xPH+EQrPeyFUr8A8FT9O5EQX6mR7+qkT2CgFr2J+J/XjsG77CQ8iGJgAZ0t8mKBIcSTvnCPS0ZBjDQhVHL9V0wHRBIKutWcLsFePHmZNM5KtuY35/lKNa0ji47QMSogG12gCqqiGqojih7RM3pFb8aT8WK8G5+zaMZIZw7RHIzvH7g3oUE=</latexit><latexit sha1_base64="pmTXukKOyu/FedAJx22S5VuGjmA=">AAACInicbVDLSgMxFM3UV62vUZdugkVpN2VGBHVRKLjpsoJ9QKeUTJppQzMPkjtiGfstbvwVNy4UdSX4MabtILb1QOBwzrnc3ONGgiuwrC8js7K6tr6R3cxtbe/s7pn7Bw0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13eH1xG/eMal4GNzCKGIdn/QD7nFKQEtd80p2HRgwIIX7h1HZKuLTMo5+paLj5OYC9iygnVLXzFslawq8TOyU5FGKWtf8cHohjX0WABVEqbZtRdBJiAROBRvnnFixiNAh6bO2pgHxmeok0xPH+EQrPeyFUr8A8FT9O5EQX6mR7+qkT2CgFr2J+J/XjsG77CQ8iGJgAZ0t8mKBIcSTvnCPS0ZBjDQhVHL9V0wHRBIKutWcLsFePHmZNM5KtuY35/lKNa0ji47QMSogG12gCqqiGqojih7RM3pFb8aT8WK8G5+zaMZIZw7RHIzvH7g3oUE=</latexit>

y
<latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit><latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit><latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit><latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit>

x
<latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit><latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit><latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit><latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit>

p
<latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit><latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit><latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit><latexit sha1_base64="owLi9Ibl9BEgfxMLHHb6tFOzFsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx4KXHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpveLevcJleaxfDCzBP2IjiUPOaPGWq1kWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJ7/yMyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3biv1Rh5HES7gEq7BgxrUoQFNaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/b6Yz6</latexit>

p✓
<latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit><latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit><latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit><latexit sha1_base64="q/x0TOJbI2pJn4M7nFz1R48S9Vw=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OjVJk56H3TVCCPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclanbTfoxES75crbtVdiK2Dl0MFcjX65a/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4t9Z+zCOgMWJtq+mNjC/T0x5ZExkyiwnRGnkVmtzc3/at2Mwlt/KuM0I4zF8qMwU4wSNj+eDaRGQWpigQst7a5MjLjmgmxEJRuCt3ryOrSuqp7l++tKrZ7HUYQzOIdL8OAGalCHBjRBgIJneIU359F5cd6dj2VrwclnTuGPnM8fLsmQEQ==</latexit>

(    labels whether    comes from      or    )

p�(y|x) = Bernoulli(d�(x))
<latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit><latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit><latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit><latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit>

E
y⇠Bernoulli(.5)

x⇠r✓

log p�(y|x) = �H(r(y|x), p�(y|x)).
<latexit sha1_base64="KAYiID2hyKQBWs4yCAFY9CdirW4="></latexit><latexit sha1_base64="KAYiID2hyKQBWs4yCAFY9CdirW4="></latexit><latexit sha1_base64="KAYiID2hyKQBWs4yCAFY9CdirW4="></latexit><latexit sha1_base64="KAYiID2hyKQBWs4yCAFY9CdirW4="></latexit>



The Bayes-Optimal Classifier

• Think of                                            as a classifier that predicts    given   .  


• The Bayes optimal classifier (for a given generator    ) is            .


• Bayes’ rule:

y
<latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit><latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit><latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit><latexit sha1_base64="pYrT7Xee0kDEtB173CqfOodlDAM=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh4LXnpswX5AG8pmO2nXbjZhdyOE0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v52Nza3tnd3SXnn/4PDouHJy2tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9H5e7z6h0jyWDyZL0I/oWPKQM2qs1cqGlapbcxci6+AVUIVCzWHlazCKWRqhNExQrfuemxg/p8pwJnBWHqQaE8qmdIx9i5JGqP18seiMXFpnRMJY2ScNWbi/J3IaaZ1Fge2MqJno1drc/K/WT0145+dcJqlByZYfhakgJibzq8mIK2RGZBYoU9zuStiEKsqMzaZsQ/BWT16HznXNs9y6qdYbRRwlOIcLuAIPbqEODWhCGxggPMMrvDmPzovz7nwsWzecYuYM/sj5/AHpjY0D</latexit>

x
<latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit><latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit><latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit><latexit sha1_base64="aIByGEJnXYQqxu3T7ow8hxYykY0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8NJjC/YD2lA220m7drMJuxuxhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOISvNY3ptpgn5ER5KHnFFjrebToFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT3voZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluXldq9TyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cB+fFeXc+lq0FJ585hT9yPn8A6AmNAg==</latexit>p�(y|x) = Bernoulli(d�(x))

<latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit><latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit><latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit><latexit sha1_base64="bQme/X18B9vezXpelp3WXmvmTn0=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuCNoIQZuUEcwFkhBmJyfJkNnZZeasJKx5BhtfxcZCEVsrO9/GyaXQxAMDH/9/DmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwcVk0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbiZ+7R60EaG6w1EErYD1lOgKztBK7Uw+ajejvsiNHoZ5ekWbCENMrkGrMJZSjHOdmT3M59uZrFtwp0WXwZtDlsyr3M58NTshjwNQyCUzpuG5EbYSplFwCeN0MzYQMT5gPWhYVCwA00qmJ43pqVU6tBtq+xTSqfp7ImGBMaPAt50Bw75Z9Cbif14jxu5lKxEqihEUny3qxpJiSCf50I7QwFGOLDCuhf0r5X2mGUebYtqG4C2evAzVs4Jn+fY8WyzN40iRY3JCcsQjF6RISqRMKoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/5Xz+ADwonTE=</latexit>

g✓
<latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit><latexit sha1_base64="HQzFVztyY3nRcooTNWdxHQpO/JE=">AAAB73icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy4CbLCOYByRB6OpWkSc/D7hohDPkJNy4UcevvuPNv7CSz0MQLDYdbVXTVDRIlDbnut1PY2Nza3inulvb2Dw6PyscnLROnWmBTxCrWnYAbVDLCJklS2Ek08jBQ2A4md/N6+wm1kXH0QNME/ZCPIjmUgpO1OqN+j8ZIvF+uuFV3IbYOXg4VyNXol796g1ikIUYkFDem67kJ+RnXJIXCWamXGky4mPARdi1GPETjZ4t9Z+zCOgM2jLV9EbGF+3si46Ex0zCwnSGnsVmtzc3/at2Uhrd+JqMkJYzE8qNhqhjFbH48G0iNgtTUAhda2l2ZGHPNBdmISjYEb/XkdWhdVT3L99eVWj2PowhncA6X4MEN1KAODWiCAAXP8ApvzqPz4rw7H8vWgpPPnMIfOZ8/IOaQCA==</latexit>

r✓(y|x)
<latexit sha1_base64="mEhvjTE5gJMtFk/bM3wzqI/G7/w=">AAAB9HicbZDLSgNBEEV7fMb4irp00xiEuAkzIugy4CbLCOYByRB6OjVJk56H3TXBYcx3uHGhiFs/xp1/YyeZhSZeaDjcqqKqrxdLodG2v6219Y3Nre3CTnF3b//gsHR03NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDurtyegtIjCe0xjcAM2DIUvOENjuarfwxEgq6RPjxf9Utmu2nPRVXByKJNcjX7pqzeIeBJAiFwyrbuOHaObMYWCS5gWe4mGmPExG0LXYMgC0G42P3pKz40zoH6kzAuRzt3fExkLtE4Dz3QGDEd6uTYz/6t1E/Rv3EyEcYIQ8sUiP5EUIzpLgA6EAo4yNcC4EuZWykdMMY4mp6IJwVn+8iq0LquO4burcq2ex1Egp+SMVIhDrkmN1EmDNAknD+SZvJI3a2K9WO/Wx6J1zcpnTsgfWZ8/opySAw==</latexit><latexit sha1_base64="mEhvjTE5gJMtFk/bM3wzqI/G7/w=">AAAB9HicbZDLSgNBEEV7fMb4irp00xiEuAkzIugy4CbLCOYByRB6OjVJk56H3TXBYcx3uHGhiFs/xp1/YyeZhSZeaDjcqqKqrxdLodG2v6219Y3Nre3CTnF3b//gsHR03NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDurtyegtIjCe0xjcAM2DIUvOENjuarfwxEgq6RPjxf9Utmu2nPRVXByKJNcjX7pqzeIeBJAiFwyrbuOHaObMYWCS5gWe4mGmPExG0LXYMgC0G42P3pKz40zoH6kzAuRzt3fExkLtE4Dz3QGDEd6uTYz/6t1E/Rv3EyEcYIQ8sUiP5EUIzpLgA6EAo4yNcC4EuZWykdMMY4mp6IJwVn+8iq0LquO4burcq2ex1Egp+SMVIhDrkmN1EmDNAknD+SZvJI3a2K9WO/Wx6J1zcpnTsgfWZ8/opySAw==</latexit><latexit sha1_base64="mEhvjTE5gJMtFk/bM3wzqI/G7/w=">AAAB9HicbZDLSgNBEEV7fMb4irp00xiEuAkzIugy4CbLCOYByRB6OjVJk56H3TXBYcx3uHGhiFs/xp1/YyeZhSZeaDjcqqKqrxdLodG2v6219Y3Nre3CTnF3b//gsHR03NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDurtyegtIjCe0xjcAM2DIUvOENjuarfwxEgq6RPjxf9Utmu2nPRVXByKJNcjX7pqzeIeBJAiFwyrbuOHaObMYWCS5gWe4mGmPExG0LXYMgC0G42P3pKz40zoH6kzAuRzt3fExkLtE4Dz3QGDEd6uTYz/6t1E/Rv3EyEcYIQ8sUiP5EUIzpLgA6EAo4yNcC4EuZWykdMMY4mp6IJwVn+8iq0LquO4burcq2ex1Egp+SMVIhDrkmN1EmDNAknD+SZvJI3a2K9WO/Wx6J1zcpnTsgfWZ8/opySAw==</latexit><latexit sha1_base64="mEhvjTE5gJMtFk/bM3wzqI/G7/w=">AAAB9HicbZDLSgNBEEV7fMb4irp00xiEuAkzIugy4CbLCOYByRB6OjVJk56H3TXBYcx3uHGhiFs/xp1/YyeZhSZeaDjcqqKqrxdLodG2v6219Y3Nre3CTnF3b//gsHR03NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDurtyegtIjCe0xjcAM2DIUvOENjuarfwxEgq6RPjxf9Utmu2nPRVXByKJNcjX7pqzeIeBJAiFwyrbuOHaObMYWCS5gWe4mGmPExG0LXYMgC0G42P3pKz40zoH6kzAuRzt3fExkLtE4Dz3QGDEd6uTYz/6t1E/Rv3EyEcYIQ8sUiP5EUIzpLgA6EAo4yNcC4EuZWykdMMY4mp6IJwVn+8iq0LquO4burcq2ex1Egp+SMVIhDrkmN1EmDNAknD+SZvJI3a2K9WO/Wx6J1zcpnTsgfWZ8/opySAw==</latexit>

r(y = 1|x) = r(x|y = 1)r(y = 1)

r(x)
=

p(x)

p(x) + p✓(x)
<latexit sha1_base64="8ReOSqrbObd7yjG2wYJdeCABaKY="></latexit><latexit sha1_base64="8ReOSqrbObd7yjG2wYJdeCABaKY="></latexit><latexit sha1_base64="8ReOSqrbObd7yjG2wYJdeCABaKY="></latexit><latexit sha1_base64="8ReOSqrbObd7yjG2wYJdeCABaKY="></latexit>



Coming Full-Circle

• What if we just plug the optimal classifier into the GAN objective?  


• Don’t need to solve a saddle point problem! But we can’t evaluate       …

sup
�


E

x⇠p
log d�(x) + E

z⇠⇢
log(1� d�(g✓(z)))

�

= E
x⇠p

log
p(x)

p(x) + p✓(x)
+ E

z⇠⇢
log

✓
1� p(g✓(z))

p(g✓(z)) + p✓(g✓(z))

◆

<latexit sha1_base64="LRvxXzt1bC7YbdP3LyYoFRYjOtQ="></latexit><latexit sha1_base64="LRvxXzt1bC7YbdP3LyYoFRYjOtQ="></latexit><latexit sha1_base64="LRvxXzt1bC7YbdP3LyYoFRYjOtQ="></latexit><latexit sha1_base64="LRvxXzt1bC7YbdP3LyYoFRYjOtQ="></latexit>

p(x)
<latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit><latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit><latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit><latexit sha1_base64="GEy4Hur15MMVe/hExzaFRLouNi4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXBTddVrAXaIeSSTNtaJIZkoxYhr6CGxeKuPWF3Pk2Zqaz0NYfAh//OYec8wcxZ9q47rdT2tjc2t4p71b29g8Oj6rHJ10dJYrQDol4pPoB1pQzSTuGGU77saJYBJz2gtldVu89UqVZJB/MPKa+wBPJQkawyay4/nQ5qtbchpsLrYNXQA0KtUfVr+E4Iomg0hCOtR54bmz8FCvDCKeLyjDRNMZkhid0YFFiQbWf5rsu0IV1xiiMlH3SoNz9PZFiofVcBLZTYDPVq7XM/K82SEx466dMxomhkiw/ChOOTISyw9GYKUoMn1vARDG7KyJTrDAxNp6KDcFbPXkdulcNz/L9da3ZKuIowxmcQx08uIEmtKANHSAwhWd4hTdHOC/Ou/OxbC05xcwp/JHz+QN9dY3h</latexit>



Running a GAN on Data



Training Curves

Orange: Generator loss, Blue: Discriminator loss



Lingering Questions

• There are lots of saddle-points in this space! How do we find a good one?


• How do we evaluate our results? What makes a saddle-point good?


• Ethical concerns: how do we interact with media in the age of deepfakes?


