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UCLouvain
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Motivation: inverse problems

y = �(x⇤) +w
<latexit sha1_base64="kxdayRVYLlbhqHCJZbwEvlOdPE4=">AAACInicbVDLSgMxFM3UV62vqks3wSJUhTJTBXUhFN24rGAf0BlLJpNpQzOZIcmoZZhvceOvuHGhqCvBjzF9LPrwQMjhnHu59x43YlQq0/wxMguLS8sr2dXc2vrG5lZ+e6cuw1hgUsMhC0XTRZIwyklNUcVIMxIEBS4jDbd3PfAbD0RIGvI71Y+IE6AOpz7FSGmpnb+w3ZB5sh/oL+mn8BLa1S4twkn5Kb0/OoTHU9pj2s4XzJI5BJwn1pgUwBjVdv7L9kIcB4QrzJCULcuMlJMgoShmJM3ZsSQRwj3UIS1NOQqIdJLhiSk80IoH/VDoxxUcqpMdCQrkYDVdGSDVlbPeQPzPa8XKP3cSyqNYEY5Hg/yYQRXCQV7Qo4JgxfqaICyo3hXiLhIIK51qTodgzZ48T+rlknVSKt+eFipX4ziyYA/sgyKwwBmogBtQBTWAwTN4Be/gw3gx3oxP43tUmjHGPbtgCsbvH5LypFA=</latexit>

x⇤
<latexit sha1_base64="BPHaAhzJsUHTQ2CuHwCs2Ub0LJE=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIiKFKChKMFSyMRaIPqQ2V4zitVceJbAdRon4JCwMIsfIpbPwNbpsBWo5k+eice+Xj4yecKe0431ZhZXVtfaO4Wdra3tkt23v7LRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o+up336gUrFY3OlxQr0IDwQLGcHaSH273PNjHqhxZC70eH/atytO1ZkBLRM3JxXI0ejbX70gJmlEhSYcK9V1nUR7GZaaEU4npV6qaILJCA9o11CBI6q8bBZ8go6NEqAwluYIjWbq740MR2qazUxGWA/VojcV//O6qQ4vvYyJJNVUkPlDYcqRjtG0BRQwSYnmY0MwkcxkRWSIJSbadFUyJbiLX14mrVrVPavWbs8r9au8jiIcwhGcgAsXUIcbaEATCKTwDK/wZj1ZL9a79TEfLVj5zgH8gfX5A3zgkvg=</latexit>

Signal of 
interest

Measurements

y
<latexit sha1_base64="MJOf/whPwuBDVu9ufkLIT2hyj1o=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUF+4B2KJlMpg3NJGOSKQyl3+HGhSJu/Rh3/o2ZdhbaeiDkcM695OQECWfauO63s7a+sbm1Xdop7+7tHxxWjo7bWqaK0BaRXKpugDXlTNCWYYbTbqIojgNOO8H4Lvc7E6o0k+LRZAn1YzwULGIEGyv5/UDyUGexvVA2qFTdmjsHWiVeQapQoDmofPVDSdKYCkM41rrnuYnxp1gZRjidlfuppgkmYzykPUsFjqn2p/PQM3RulRBFUtkjDJqrvzemONZ5MjsZYzPSy14u/uf1UhPd+FMmktRQQRYPRSlHRqK8ARQyRYnhmSWYKGazIjLCChNjeyrbErzlL6+Sdr3mXdbqD1fVxm1RRwlO4QwuwINraMA9NKEFBJ7gGV7hzZk4L86787EYXXOKnRP4A+fzB+PDkiw=</latexit>

Forward model
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y = �(x⇤) +w
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bx = argmin
x

l(x;y) + �r(x)
<latexit sha1_base64="zW2stFTOLhB5WS9OiDvOnQGfKjQ="></latexit>

Variational formulation
x⇤
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Signal of 
interest

Measurements

y
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y = �(x⇤) +w
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bx = argmin
x

l(x;y) + �r(x)
<latexit sha1_base64="zW2stFTOLhB5WS9OiDvOnQGfKjQ="></latexit>

Variational formulation

l(x;y) = ky � �(x)k22
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r(x) = k xk1
<latexit sha1_base64="eHaOW+zffVxRyb1uzHuCMHKJuL8=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVoSRV0I1QdOOygn1AE8JkMmmHTiZhZiKWtB/hxl9x40IRty7c+TdO2i5s64FhDufcy733+AmjUlnWj7G0vLK6tl7YKG5ube/smnv7TRmnApMGjlks2j6ShFFOGooqRtqJICjyGWn5/Zvcbz0QIWnM79UgIW6EupyGFCOlJc88FWXHj1kgB5H+4OMJvILO0KlLCmd0Z+jZnlmyKtYYcJHYU1ICU9Q989sJYpxGhCvMkJQd20qUmyGhKGZkVHRSSRKE+6hLOppyFBHpZuOjRvBYKwEMY6EfV3Cs/u3IUCTz7XRlhFRPznu5+J/XSVV46WaUJ6kiHE8GhSmDKoZ5QjCggmDFBpogLKjeFeIeEggrnWNRh2DPn7xImtWKfVap3p2XatfTOArgEByBMrDBBaiBW1AHDYDBE3gBb+DdeDZejQ/jc1K6ZEx7DsAMjK9fgT+d2w==</latexit>

r(x) = kDxk1
<latexit sha1_base64="RdijtjQI3hx0UyftyGnfi06FBTg=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlqZKCBAtSBQyMRaIPqYkix3Fbq44T2Q6iSvsLLPwKCwMIsbKx8Tc4bQbaciTLR+fcq3vv8WNGpbKsH2NpeWV1bb2wUdzc2t7ZNff2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyB9eZ33ogQtKI36thTNwQ9TjtUoyUljyzLMqOH7FADkP9wccTeAmd0Q2cEZ2RZ3tmyapYE8BFYuekBHLUPfPbCSKchIQrzJCUHduKlZsioShmZFx0EklihAeoRzqachQS6aaTi8bwWCsB7EZCP67gRP3bkaJQZtvpyhCpvpz3MvE/r5Oo7oWbUh4ninA8HdRNGFQRzOKBARUEKzbUBGFB9a4Q95FAWOkQizoEe/7kRdKsVuzTSvXurFS7yuMogENwBMrABuegBm5BHTQABk/gBbyBd+PZeDU+jM9p6ZKR9xyAGRhfv/dRnHk=</latexit>

x⇤
<latexit sha1_base64="BPHaAhzJsUHTQ2CuHwCs2Ub0LJE=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIiKFKChKMFSyMRaIPqQ2V4zitVceJbAdRon4JCwMIsfIpbPwNbpsBWo5k+eice+Xj4yecKe0431ZhZXVtfaO4Wdra3tkt23v7LRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o+up336gUrFY3OlxQr0IDwQLGcHaSH273PNjHqhxZC70eH/atytO1ZkBLRM3JxXI0ejbX70gJmlEhSYcK9V1nUR7GZaaEU4npV6qaILJCA9o11CBI6q8bBZ8go6NEqAwluYIjWbq740MR2qazUxGWA/VojcV//O6qQ4vvYyJJNVUkPlDYcqRjtG0BRQwSYnmY0MwkcxkRWSIJSbadFUyJbiLX14mrVrVPavWbs8r9au8jiIcwhGcgAsXUIcbaEATCKTwDK/wZj1ZL9a79TEfLVj5zgH8gfX5A3zgkvg=</latexit>

Signal of 
interest

Measurements

y
<latexit sha1_base64="MJOf/whPwuBDVu9ufkLIT2hyj1o=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUF+4B2KJlMpg3NJGOSKQyl3+HGhSJu/Rh3/o2ZdhbaeiDkcM695OQECWfauO63s7a+sbm1Xdop7+7tHxxWjo7bWqaK0BaRXKpugDXlTNCWYYbTbqIojgNOO8H4Lvc7E6o0k+LRZAn1YzwULGIEGyv5/UDyUGexvVA2qFTdmjsHWiVeQapQoDmofPVDSdKYCkM41rrnuYnxp1gZRjidlfuppgkmYzykPUsFjqn2p/PQM3RulRBFUtkjDJqrvzemONZ5MjsZYzPSy14u/uf1UhPd+FMmktRQQRYPRSlHRqK8ARQyRYnhmSWYKGazIjLCChNjeyrbErzlL6+Sdr3mXdbqD1fVxm1RRwlO4QwuwINraMA9NKEFBJ7gGV7hzZk4L86787EYXXOKnRP4A+fzB+PDkiw=</latexit>

Data-fidelity loss

- Euclidean
- …

Forward model

Idea: approximate true 
prior distribution from 

learning examples
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Generative priors in inverse problems (1)
1) Learn a generative network

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

Dataset

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

We have samples (signals)

Idea: approximate true 
prior distribution from 

learning examples

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution
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Generative priors in inverse problems (1)
1) Learn a generative network

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

Dataset

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

We have samples (signals) from a high-dimensional distribution…

Idea: approximate true 
prior distribution from 

learning examples

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution
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Generative priors in inverse problems (1)
1) Learn a generative network

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

Dataset

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

… and a way to generate “artificial” samples…
G✓(z) = ⇢(⇥L · ⇢(⇥L�1 · · · ⇢(⇥2 · ⇢(⇥1 · z))))

<latexit sha1_base64="imPpbKKexev6yCcD8c8N7WzdnIU="></latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution

Idea: approximate true 
prior distribution from 

learning examples

We have samples (signals) from a high-dimensional distribution…

Random “noise”
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Generative priors in inverse problems (1)
1) Learn a generative network

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

Dataset

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

… and a way to generate “artificial” samples…
G✓(z) = ⇢(⇥L · ⇢(⇥L�1 · · · ⇢(⇥2 · ⇢(⇥1 · z))))

<latexit sha1_base64="imPpbKKexev6yCcD8c8N7WzdnIU="></latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution

Idea: approximate true 
prior distribution from 

learning examples

We have samples (signals) from a high-dimensional distribution…

Point-wise nonlinearity

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

(leaky ReLU)

Random “noise”
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Generative priors in inverse problems (1)
1) Learn a generative network

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

Dataset

Generated samples

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution

bP✓ =
1

Nz

X

zi2Z

�G✓(zi)

<latexit sha1_base64="qCCYeWJfhliG/ZdnevZ+TsiVj1g="></latexit>

Idea: approximate true 
prior distribution from 

learning examples

… and a way to generate “artificial” samples…
G✓(z) = ⇢(⇥L · ⇢(⇥L�1 · · · ⇢(⇥2 · ⇢(⇥1 · z))))

<latexit sha1_base64="imPpbKKexev6yCcD8c8N7WzdnIU="></latexit>

We have samples (signals) from a high-dimensional distribution…

Random “noise”



13

Generative priors in inverse problems (1)
1) Learn a generative network

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

Dataset

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Generated samples

Goal: mimic sampling from the 
data-generating distribution

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

(implicit manifold learning)

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution

bP✓ =
1

Nz

X

zi2Z

�G✓(zi)

<latexit sha1_base64="qCCYeWJfhliG/ZdnevZ+TsiVj1g="></latexit>

Idea: approximate true 
prior distribution from 

learning examples

Random “noise”

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>
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Generative priors in inverse problems (1)
1) Learn a generative network

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

Dataset

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Generated samples

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Goal: mimic sampling from the 
data-generating distribution

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

(implicit manifold learning)

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

bPX =
1

N

X

xi2X

�xi

<latexit sha1_base64="J8vzyx4sK2/+tiaeHBbDkf83bQE="></latexit>

Empirical distribution

bP✓ =
1

Nz

X

zi2Z

�G✓(zi)

<latexit sha1_base64="qCCYeWJfhliG/ZdnevZ+TsiVj1g="></latexit>

Idea: approximate true 
prior distribution from 

learning examples

Random “noise”

…proxy for… '<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>
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Generative priors in inverse problems (2)
1) Learn a generative network

2) Use the generative network in the inverse problem

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>
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Generative priors in inverse problems (2)
1) Learn a generative network

2) Use the generative network in the inverse problem

e.g. reconstructed signal in the range of the network

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

Generative network
Latent space 
(“coefficients”)

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Reconstructed signal

bx
<latexit sha1_base64="ofrym1LSBd6VytHtmHs4S4w/mKE=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4CokaWtcFt24rGAf0IQymUzboZMHMxO1hGz8FTcuFHHrZ7jzb5y0FVT0wDCHc+7l3nv8hFEhTfNDKy0tr6yuldcrG5tb2zv67l5HxCnHpI1jFvOejwRhNCJtSSUjvYQTFPqMdP3JReF3bwgXNI6u5TQhXohGER1SjKSSBvqBe0sDMkYyc/2YBWIaqg/e5QO9ahpOo2Y7NjQN67RmNqyC2HWn3oCWYc5QBQu0Bvq7G8Q4DUkkMUNC9C0zkV6GuKSYkbzipoIkCE/QiPQVjVBIhJfNDsjhsVICOIy5epGEM/V7R4ZCUaymKkMkx+K3V4h/ef1UDs+8jEZJKkmE54OGKYMyhkUaMKCcYMmmiiDMqdoV4jHiCEuVWUWF8HUp/J90bMOqGfZVvdo8X8RRBofgCJwACzigCS5BC7QBBjl4AE/gWbvXHrUX7XVeWtIWPfvgB7S3T9vHlzs=</latexit>bz

<latexit sha1_base64="m6iLdZjbnXJ8MJmbgh3rau8UBNg=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4CokaWtcFt24rGAf0IQymUzboZMHMxOlhmz8FTcuFHHrZ7jzb5y0FVT0wDCHc+7l3nv8hFEhTfNDKy0tr6yuldcrG5tb2zv67l5HxCnHpI1jFvOejwRhNCJtSSUjvYQTFPqMdP3JReF3bwgXNI6u5TQhXohGER1SjKSSBvqBe0sDMkYyc/2YBWIaqg/e5QO9ahpOo2Y7NjQN67RmNqyC2HWn3oCWYc5QBQu0Bvq7G8Q4DUkkMUNC9C0zkV6GuKSYkbzipoIkCE/QiPQVjVBIhJfNDsjhsVICOIy5epGEM/V7R4ZCUaymKkMkx+K3V4h/ef1UDs+8jEZJKkmE54OGKYMyhkUaMKCcYMmmiiDMqdoV4jHiCEuVWUWF8HUp/J90bMOqGfZVvdo8X8RRBofgCJwACzigCS5BC7QBBjl4AE/gWbvXHrUX7XVeWtIWPfvgB7S3T97Rlz0=</latexit>

bx = G✓(bz) with bz = argmin
z

ky � �(G✓(z))k22
<latexit sha1_base64="KAfVVPSMHn/hKK2DVQH5tg10q7g="></latexit>
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Generative priors in inverse problems
Some examples…
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Generative priors in inverse problems
Some examples…
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Generative priors in inverse problems
Some examples…



20

Generative priors in inverse problems
Some examples…
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Generative priors in inverse problems
Some examples…
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Distance??
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

Distance??
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

On twitter…

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

Distance??

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

2) Maximum Mean Discrepancy

Easier to train (no balancing)…

Distance??

min
✓

MMD( bPX , bP✓)
<latexit sha1_base64="U+5y4O6U3b6SSxZQKgwTybchUaE="></latexit>
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<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

2) Maximum Mean Discrepancy

Easier to train (no balancing)…

Distance??

X

xi2X
xj2X

(xi,xj)� 2
X

xi2X
zj2Z

(xi,G✓(zj)) +
X

zi2Z
zj2Z

(G✓(zi),G✓(zj))

<latexit sha1_base64="XTroVO1M/1xaVH6QUthopzlnrmA="></latexit>

min
✓

MMD( bPX , bP✓)
<latexit sha1_base64="U+5y4O6U3b6SSxZQKgwTybchUaE="></latexit>
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<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

2) Maximum Mean Discrepancy

Easier to train (no balancing)…

Distance??

X

xi2X
xj2X

(xi,xj)� 2
X

xi2X
zj2Z

(xi,G✓(zj)) +
X

zi2Z
zj2Z

(G✓(zi),G✓(zj))

<latexit sha1_base64="XTroVO1M/1xaVH6QUthopzlnrmA="></latexit>

min
✓

MMD( bPX , bP✓)
<latexit sha1_base64="U+5y4O6U3b6SSxZQKgwTybchUaE="></latexit>

Similarity between samples
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

2) Maximum Mean Discrepancy

Easier to train (no balancing)…

E!⇠⇤

�����
X

xi2X

ei!
Txi �

X

zi2Z

ei!
TG✓(zi)

�����

2

<latexit sha1_base64="Upa/Vc+j9E+3G7EQvF9CMrA6GOw="></latexit>

Distance??

X

xi2X
xj2X

(xi,xj)� 2
X

xi2X
zj2Z

(xi,G✓(zj)) +
X

zi2Z
zj2Z

(G✓(zi),G✓(zj))

<latexit sha1_base64="XTroVO1M/1xaVH6QUthopzlnrmA="></latexit>

min
✓

MMD( bPX , bP✓)
<latexit sha1_base64="U+5y4O6U3b6SSxZQKgwTybchUaE="></latexit>

Similarity between samples

With ⇤ = F
<latexit sha1_base64="WNr8NYe90zLKRHOsKmY6pNZ8NsM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuhGKgrhwUcE+oAnlZjJph04ezEyEErpw46+4caGIWz/CnX/jpM1CWw8MHM45l7n3eAlnUlnWt7G0vLK6tl7aKG9ube/smnv7bRmngtAWiXksuh5IyllEW4opTruJoBB6nHa80VXudx6okCyO7tU4oW4Ig4gFjIDSUt+sOLc67AO+wE4IakiA42vsjCBJoG9WrZo1BV4kdkGqqECzb345fkzSkEaKcJCyZ1uJcjMQihFOJ2UnlTQBMoIB7WkaQUilm02PmOAjrfg4iIV+kcJT9fdEBqGU49DTyXxROe/l4n9eL1XBuZuxKEkVjcjsoyDlWMU4bwT7TFCi+FgTIILpXTEZggCidG9lXYI9f/Iiaddr9kmtfndabVwWdZRQBR2iY2SjM9RAN6iJWoigR/SMXtGb8WS8GO/Gxyy6ZBQzB+gPjM8f51KW/A==</latexit>

equivalent to (for later)
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

2) Maximum Mean Discrepancy

Easier to train (no balancing) but quadratic complexity…

E!⇠⇤

�����
X

xi2X

ei!
Txi �

X

zi2Z

ei!
TG✓(zi)

�����

2

<latexit sha1_base64="Upa/Vc+j9E+3G7EQvF9CMrA6GOw="></latexit>

Distance??

X

xi2X
xj2X

(xi,xj)� 2
X

xi2X
zj2Z

(xi,G✓(zj)) +
X

zi2Z
zj2Z

(G✓(zi),G✓(zj))

<latexit sha1_base64="XTroVO1M/1xaVH6QUthopzlnrmA="></latexit>

min
✓

MMD( bPX , bP✓)
<latexit sha1_base64="U+5y4O6U3b6SSxZQKgwTybchUaE="></latexit>

Similarity between samples

With ⇤ = F
<latexit sha1_base64="WNr8NYe90zLKRHOsKmY6pNZ8NsM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuhGKgrhwUcE+oAnlZjJph04ezEyEErpw46+4caGIWz/CnX/jpM1CWw8MHM45l7n3eAlnUlnWt7G0vLK6tl7aKG9ube/smnv7bRmngtAWiXksuh5IyllEW4opTruJoBB6nHa80VXudx6okCyO7tU4oW4Ig4gFjIDSUt+sOLc67AO+wE4IakiA42vsjCBJoG9WrZo1BV4kdkGqqECzb345fkzSkEaKcJCyZ1uJcjMQihFOJ2UnlTQBMoIB7WkaQUilm02PmOAjrfg4iIV+kcJT9fdEBqGU49DTyXxROe/l4n9eL1XBuZuxKEkVjcjsoyDlWMU4bwT7TFCi+FgTIILpXTEZggCidG9lXYI9f/Iiaddr9kmtfndabVwWdZRQBR2iY2SjM9RAN6iJWoigR/SMXtGb8WS8GO/Gxyy6ZBQzB+gPjM8f51KW/A==</latexit>

equivalent to (for later)
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It’s nice! …where’s the catch?
How to learn the generative network G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

1) Golden standard: Generative Adversarial Networks

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Learn a second “discriminator” network that classifies real/
fake at the same time as the generator

G✓
<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

D�
<latexit sha1_base64="BiZWCF/MYtFKY8FAVLaaO+kitF4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFnUhcsK9gFNCJPptB06mYSZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDhT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOr3O/80ClYrG415OE+hEeCjZgBGsjBXbFi7AeEczRTZB5yYhNA7vq1JwZ0DJxC1KFAs3A/vL6MUkjKjThWKme6yTaz7DUjHA6LXupogkmYzykPUMFjqjys1n0KToxSh8NYmme0Gim/t7IcKTUJArNZB5ULXq5+J/XS/Xg0s+YSFJNBZkfGqQc6RjlPaA+k5RoPjEEE8lMVkRGWGKiTVtlU4K7+OVl0q7X3LNa/e682rgq6ijBERzDKbhwAQ24hSa0gMAjPMMrvFlP1ov1bn3MR1esYucQ/sD6/AEcR5Pn</latexit>

Very difficult to train (due to balancing of training discriminator/generator)

min
✓

max
�

L(✓,�)
<latexit sha1_base64="6fnrI4Xbh6A57YzD7kaGYj8dTPc=">AAACGXicbVDLSgMxFM3UV62vqks3wSJUkDJTBV0W3bhwUcE+oDOUTJq2oZnMkNwRyzC/4cZfceNCEZe68m/MtF1o64HAyTn3cu89fiS4Btv+tnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yeaCS5ZAzgI1o4UI4EvWMsfXWV+654pzUN5B+OIeQEZSN7nlICRukXbDbjsJi4MGZDUDciD+URDnmLDYUiJwDflqXuS6cfdYsmu2BPgReLMSAnNUO8WP91eSOOASaCCaN1x7Ai8hCjgVLC04MaaRYSOyIB1DJUkYNpLJpel+MgoPdwPlXkS8ET93ZGQQOtx4JvKbF0972Xif14nhv6Fl3AZxcAknQ7qxwJDiLOYcI8rRkGMDSFUcbMrpkOiCAUTZsGE4MyfvEia1YpzWqnenpVql7M48ugAHaIyctA5qqFrVEcNRNEjekav6M16sl6sd+tjWpqzZj376A+srx/7SqDc</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Real data

L
<latexit sha1_base64="n2ZkyHRQfuxyMWApcvw1zS/q5hw=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWgZtLCwimAcmS5id3E2GzM4uM7NCCPkLGwtFbP0bO//G2WQLTTwwcDjnXubcEySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdJP5rSdUmsfywYwT9CM6kDzkjBorPXYjaoaMCnLXK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjT6gynAmcFrupxoSyER1gx1JJI9T+ZJZ4Sk6t0idhrOyThszU3xsTGmk9jgI7mSXUi14m/ud1UhNe+RMuk9SgZPOPwlQQE5PsfNLnCpkRY0soU9xmJWxIFWXGllS0JXiLJy+TZrXinVeq9xfl2nVeRwGO4QTOwINLqMEt1KEBDCQ8wyu8Odp5cd6dj/noipPvHMEfOJ8/EZaQhA==</latexit>

Generator

Discriminator

2) Maximum Mean Discrepancy

Easier to train (no balancing) but quadratic complexity…

E!⇠⇤

�����
X

xi2X

ei!
Txi �

X

zi2Z

ei!
TG✓(zi)

�����

2

<latexit sha1_base64="Upa/Vc+j9E+3G7EQvF9CMrA6GOw="></latexit>

Distance??

X

xi2X
xj2X

(xi,xj)� 2
X

xi2X
zj2Z

(xi,G✓(zj)) +
X

zi2Z
zj2Z

(G✓(zi),G✓(zj))

<latexit sha1_base64="XTroVO1M/1xaVH6QUthopzlnrmA="></latexit>

min
✓

MMD( bPX , bP✓)
<latexit sha1_base64="U+5y4O6U3b6SSxZQKgwTybchUaE="></latexit>

Similarity between samples

equivalent to (for later)

With ⇤ = F
<latexit sha1_base64="WNr8NYe90zLKRHOsKmY6pNZ8NsM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuhGKgrhwUcE+oAnlZjJph04ezEyEErpw46+4caGIWz/CnX/jpM1CWw8MHM45l7n3eAlnUlnWt7G0vLK6tl7aKG9ube/smnv7bRmngtAWiXksuh5IyllEW4opTruJoBB6nHa80VXudx6okCyO7tU4oW4Ig4gFjIDSUt+sOLc67AO+wE4IakiA42vsjCBJoG9WrZo1BV4kdkGqqECzb345fkzSkEaKcJCyZ1uJcjMQihFOJ2UnlTQBMoIB7WkaQUilm02PmOAjrfg4iIV+kcJT9fdEBqGU49DTyXxROe/l4n9eL1XBuZuxKEkVjcjsoyDlWMU4bwT7TFCi+FgTIILpXTEZggCidG9lXYI9f/Iiaddr9kmtfndabVwWdZRQBR2iY2SjM9RAN6iJWoigR/SMXtGb8WS8GO/Gxyy6ZBQzB+gPjM8f51KW/A==</latexit>

Training generative networks 
typically requires massive 

amounts of data!
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Compressive Learning to the rescue!
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Compressive Learning: principle

Usual machine learning

Learning

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

… large
memory &
training time!

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

…

…

Large     means…N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

Multiple passes over X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>
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✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

… constant
memory &
training time!

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

… Large     means…N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

zX
<latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit>

Dataset sketch (summary)

m
<latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit><latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit><latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit><latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit>

“observations”
m ' size(✓) ⌧ Nn

<latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit><latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit><latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit><latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit>

Single pass over X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

Usual machine learning

Learning

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

… large
memory &
training time!

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

…

…

Large     means…N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

Multiple passes over X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

“Sketching” “Lear
ning”

R. Gribonval et al., “Compressive Statistical Learning
with Random Feature Moments,” 2017

Compressive Learning

Compressive Learning: principle
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X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

n-dimensional

Sketching a dataset
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• Compressed representation 
• Preserves relevant information

, , ,, · · · ,

z }| {N examples

yi 2 Rp

Rn ! Rp

Dim. reductionX = , , ,, · · · ,

z }| {N examples

xi 2 Rn

Sketching a dataset
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• Compressed representation 
• Preserves relevant information 
• Constant number of examples

Rn ! Rp

N examples

N can be VERY large (“big data”)!

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

, ,, · · · ,

z }| {

yi 2 Rp

,Dim. reduction

Sketching a dataset



37

• Compressed representation 
• Preserves relevant information 
• Dataset summary = single vector

zX = 2 Cm

[Gribonval17]

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

Sketching

Sketching a dataset
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• Compressed representation 
• Preserves relevant information 
• Dataset summary = single vector

zX = 2 Cm

[Gribonval17]

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

Sketching

?

Sketching a dataset
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xi

=

⌦T

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 

zX

!j ⇠ ⇤

e.g. ⇤

Controls the cluster scale

Sketching a dataset
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xi

=

⌦T

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 

zX

!j ⇠ ⇤

exp

 
i

!

e.g.
⇤

Sketching a dataset
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xi

=

⌦T

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function zxixi

7!

Random Fourier Features

zX

!j ⇠ ⇤

exp

 
i

!

[A. Rahimi, B. Recht, “Random Features for Large-scale Kernel Machines”,NIPS, 2007]

e.g.
⇤

Sketching a dataset
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xi

=

⌦T

exp

 
i

!

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 
3. Pooling (average)

zxixi

7!

Random Fourier Features

zX

!j ⇠ ⇤

1

N

X

xi2X

e.g.
⇤

[A. Rahimi, B. Recht, “Random Features for Large-scale Kernel Machines”,NIPS, 2007]

Sketching a dataset
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xi

=

⌦T

exp

 
i

!

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 
3. Pooling (average)

1

N

X

xi2X

zxixi

7!

Random Fourier Features

zX

!j ⇠ ⇤

zX =

"
1

N

X

xi2X

ei!
T
j xi

#m

j=1

e.g.
⇤

2 Cm

[A. Rahimi, B. Recht, “Random Features for Large-scale Kernel Machines”,NIPS, 2007]

Sketching a dataset



44

Compressive Learning: SoA in one slide

“Sketching”
X

<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> zX
<latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit>

Generalized moments
Linear sensing

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

“Learning”

Inverse problem
Moment matching

Dataset ModelSketch

Advantages:
• One single pass on dataset (parallelizable)
• Harsh compression (ideal for large-scale 

datasets)
• Handy for privacy preservation

Existing (unsupervised) tasks:
• clustering: k-means, subspace 

clustering
• mixture model estimation: GMM, 

alpha-stable distributions
• Principal Component Analysis
• Independent Component Analysis
• Generative networks (this work)
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Main idea: move to the 
compressed domain!

...
<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

Dataset

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Empirical distribution

Generated samples

Compressively learning generative networks

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>
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Main idea: move to the 
compressed domain!

Sketching
...

<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

A
<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit> 2 Cm

<latexit sha1_base64="3qTgmJnSdMLSaUeyYhAJ3DKtmjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5cV7AOaWCbTSTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/kHFPjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHO/+0ilYrG419OE+hEeCRYygrWRBnbFYwJ5EdbjIEDNh2hgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM7KXqpogskEj2jfUIEjqvxsHnyGzowyRGEszRMazdXfGxmOlJpGgZnMI6plLxf/8/qpDq/9jIkk1VSQxaEw5UjHKG8BDZmkRPOpIZhIZrIiMsYSE226KpsS3OUvr5JOveZe1Op3l9XGTVFHCU7gFM7BhStowC20oA0EUniGV3iznqwX6936WIyuWcXOMfyB9fkD2niSkA==</latexit>

2 Cm
<latexit sha1_base64="3qTgmJnSdMLSaUeyYhAJ3DKtmjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5cV7AOaWCbTSTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/kHFPjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHO/+0ilYrG419OE+hEeCRYygrWRBnbFYwJ5EdbjIEDNh2hgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM7KXqpogskEj2jfUIEjqvxsHnyGzowyRGEszRMazdXfGxmOlJpGgZnMI6plLxf/8/qpDq/9jIkk1VSQxaEw5UjHKG8BDZmkRPOpIZhIZrIiMsYSE226KpsS3OUvr5JOveZe1Op3l9XGTVFHCU7gFM7BhStowC20oA0EUniGV3iznqwX6936WIyuWcXOMfyB9fkD2niSkA==</latexit>

Dataset

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Empirical distribution

Generated samples

Sketching

A
<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit>

Compressively learning generative networks

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

zX

A( bP✓)
<latexit sha1_base64="lw0JmqYGH7IdfQzb21w5RexgEko="></latexit>

Sketch of generated samples

A( bP✓) =
1

N 0

X

zi2Z

ei⌦
TG✓(zi)

<latexit sha1_base64="ZZVrBBu/F9WYZbR2CrDGlhc4Vvo="></latexit>
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Main idea: move to the 
compressed domain!

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

2 Cm
<latexit sha1_base64="3qTgmJnSdMLSaUeyYhAJ3DKtmjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5cV7AOaWCbTSTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/kHFPjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHO/+0ilYrG419OE+hEeCRYygrWRBnbFYwJ5EdbjIEDNh2hgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM7KXqpogskEj2jfUIEjqvxsHnyGzowyRGEszRMazdXfGxmOlJpGgZnMI6plLxf/8/qpDq/9jIkk1VSQxaEw5UjHKG8BDZmkRPOpIZhIZrIiMsYSE226KpsS3OUvr5JOveZe1Op3l9XGTVFHCU7gFM7BhStowC20oA0EUniGV3iznqwX6936WIyuWcXOMfyB9fkD2niSkA==</latexit>

2 Cm
<latexit sha1_base64="3qTgmJnSdMLSaUeyYhAJ3DKtmjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5cV7AOaWCbTSTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/kHFPjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHO/+0ilYrG419OE+hEeCRYygrWRBnbFYwJ5EdbjIEDNh2hgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM7KXqpogskEj2jfUIEjqvxsHnyGzowyRGEszRMazdXfGxmOlJpGgZnMI6plLxf/8/qpDq/9jIkk1VSQxaEw5UjHKG8BDZmkRPOpIZhIZrIiMsYSE226KpsS3OUvr5JOveZe1Op3l9XGTVFHCU7gFM7BhStowC20oA0EUniGV3iznqwX6936WIyuWcXOMfyB9fkD2niSkA==</latexit>

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Generated samples

Sketching
...

<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

P⇤
<latexit sha1_base64="3+qbKlUGe3cvT9KyZluRGM1HT1E=">AAAB83icdVDLSgMxFM3UV62vqks3wSKIiyHTlk67K7pxWcE+oDOWTJppQzMPkoxQhv6GGxeKuPVn3Pk3ZqYVVPRA4HDOvdyT48WcSYXQh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgkBh6WlLOQdhVTnA5iQXHgcdr3ZleZ37+nQrIovFXzmLoBnoTMZwQrLTlOgNWUYA47dxejcgWZNRvVrRZEZqNp2zlpWU3UsKBlohwVsEJnVH53xhFJAhoqwrGUQwvFyk2xUIxwuig5iaQxJjM8oUNNQxxQ6aZ55gU808oY+pHQL1QwV79vpDiQch54ejLLKH97mfiXN0yU33RTFsaJoiFZHvITDlUEswLgmAlKFJ9rgolgOiskUywwUbqmki7h66fwf9KrmlbNrN7UK+3LVR1FcAJOwTmwgA3a4Bp0QBcQEIMH8ASejcR4NF6M1+VowVjtHIMfMN4+AbVZkXs=</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

A
<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit>

Dataset

Empirical distribution

Sketching

A
<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit>

Compressively learning generative networks

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

Sketch of generated samples

A( bP✓) =
1

N 0

X

zi2Z

ei⌦
TG✓(zi)

<latexit sha1_base64="ZZVrBBu/F9WYZbR2CrDGlhc4Vvo="></latexit>

A( bP✓)
<latexit sha1_base64="lw0JmqYGH7IdfQzb21w5RexgEko="></latexit>

zX
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Compressively learning generative networks

Proposed approach: match the sketches of real and generated data

min
✓

�����zX � 1

N 0

X

zi2Z

ei⌦
TG✓(zi)

�����

2

2
<latexit sha1_base64="qJO+l0X/jADmxCf3CL6h+IxLeXw="></latexit>



49

Compressively learning generative networks

Proposed approach: match the sketches of real and generated data

Sampled (Monte Carlo) 
estimation to the MMD!

min
✓

�����zX � 1

N 0

X

zi2Z

ei⌦
TG✓(zi)

�����

2

2
<latexit sha1_base64="qJO+l0X/jADmxCf3CL6h+IxLeXw="></latexit>

…but where dataset is accessed only once

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

!j ⇠ ⇤

min
✓

E!⇠⇤

�����
1

N

X

xi2X

ei!
Txi � 1

N 0

X

zi2Z

ei!
TG✓(zi)

�����

2

<latexit sha1_base64="IZrAj1TbLclhyJFuxm4wH+6AwUA="></latexit>
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Compressively learning generative networks

Proposed approach: match the sketches of real and generated data

Sampled (Monte Carlo) 
estimation to the MMD!

min
✓

�����zX � 1

N 0

X

zi2Z

ei⌦
TG✓(zi)

�����

2

2
<latexit sha1_base64="qJO+l0X/jADmxCf3CL6h+IxLeXw="></latexit>

…but where dataset is accessed only once

'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

!j ⇠ ⇤

min
✓

E!⇠⇤

�����
1

N

X

xi2X

ei!
Txi � 1

N 0

X

zi2Z

ei!
TG✓(zi)

�����

2

<latexit sha1_base64="IZrAj1TbLclhyJFuxm4wH+6AwUA="></latexit>

Practical learning algorithm?

Differentiable by chain rule (feat. backprop)
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Preliminary results

Simple 2d signals… 

 …it works (in principle)!



To conclude: open challenges

Batch size?

min
✓

�����zX � 1

N 0

X

zi2Z

ei⌦
TG✓(zi)

�����

2

2
<latexit sha1_base64="qJO+l0X/jADmxCf3CL6h+IxLeXw="></latexit>

Sketch size? Kernel?

Sketching
...

<latexit sha1_base64="1D1M+XvlZpNUCS4SsUNcbJjqZsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoMeiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTSrrn/hVu8vK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBNMo0m</latexit>

xi
<latexit sha1_base64="VawXLeIOkcuiVKEJ7hk/7w6cu4Q=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFVSkGCsYGEsEn1IbRQ5jtNadZzIdhCl6pewMIAQK5/Cxt/gtBmg5UiWj865Vz4+QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvsn97gOViiXiXk9S6sV4KFjECNZG8u3qIEh4qCaxudCjz3y75tSdOdAqcQtSgwIt3/4ahAnJYio04Vipvuuk2ptiqRnhdFYZZIqmmIzxkPYNFTimypvOg8/QqVFCFCXSHKHRXP29McWxyrOZyRjrkVr2cvE/r5/p6MqbMpFmmgqyeCjKONIJyltAIZOUaD4xBBPJTFZERlhiok1XFVOCu/zlVdJp1N3zeuPuota8LuoowzGcwBm4cAlNuIUWtIFABs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/d4ZM4</latexit>

bPX
<latexit sha1_base64="DJDJqJ4pL/y4UrKbW911eGw1q+g=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXIWkqabdFd24rGAf0IQwmUzaoZMHMxOlxC78FTcuFHHrb7jzb5w+BBU9MHA4517umeOnjAppGB9aYWl5ZXWtuF7a2Nza3inv7nVEknFM2jhhCe/5SBBGY9KWVDLSSzlBkc9I1x9dTP3uDeGCJvG1HKfEjdAgpiHFSCrJKx84tzQgQyRzJ0JyiBGDrYnX88oVQzerhm2Z0NBrZsOqW4qcNU7tug1N3ZihAhZoeeV3J0hwFpFYYoaE6JtGKt0ccUkxI5OSkwmSIjxCA9JXNEYREW4+yz+Bx0oJYJhw9WIJZ+r3jRxFQowjX01OQ4rf3lT8y+tnMqy7OY3TTJIYzw+FGYMygdMyYEA5wZKNFUGYU5UV4iHiCEtVWUmV8PVT+D/pVHXT0qtXtUrzfFFHERyCI3ACTGCDJrgELdAGGNyBB/AEnrV77VF70V7nowVtsbMPfkB7+wSOFZZ2</latexit>

X
<latexit sha1_base64="+SSX5ghEw4dhNqJNmctBJ1YeqMs=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmYy0UluQS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQaFFYx6Lrk8kcBZBSzHFoZsIIKHPoeNPrud+5x6EZHF0q6YJeCEZRSxglCgtNbuDYsky7bLlOja2zIpdc6qOJpe1C7fqYtu0FiihFRqD4nt/GNM0hEhRTqTs2VaivIwIxSiHWaGfSkgInZAR9DSNSAjSyxaHzvCZVoY4iIWuSOGF+n0iI6GU09DXnSFRY/nbm4t/eb1UBVUvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bQds9yslOpXqzjy6ASdonNkIxfV0Q1qoBaiCNADekLPxp3xaLwYr8vWnLGaOUY/YLx9Ai+gjTQ=</latexit>

A
<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit> 2 Cm

<latexit sha1_base64="3qTgmJnSdMLSaUeyYhAJ3DKtmjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5cV7AOaWCbTSTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/kHFPjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHO/+0ilYrG419OE+hEeCRYygrWRBnbFYwJ5EdbjIEDNh2hgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM7KXqpogskEj2jfUIEjqvxsHnyGzowyRGEszRMazdXfGxmOlJpGgZnMI6plLxf/8/qpDq/9jIkk1VSQxaEw5UjHKG8BDZmkRPOpIZhIZrIiMsYSE226KpsS3OUvr5JOveZe1Op3l9XGTVFHCU7gFM7BhStowC20oA0EUniGV3iznqwX6936WIyuWcXOMfyB9fkD2niSkA==</latexit>

Dataset

Empirical distribution
zX

✓
<latexit sha1_base64="QS5zpnJMtgg1Afj50jAeQlCFYz0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0IS6LblxWsA9oQ5lMJ+3YySTM3Ail9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89USa4Bsf5sApr6xubW8Xt0s7u3v5B+fCopdNcUdakqUhVJyKaCS5ZEzgI1skUI0kkWDsaX8399j1TmqfyFiYZCxMylDzmlICRWj0YMSD9csWx3Wrg+x527GoQuEHNENfz/ZqPXdtZoIJWaPTL771BSvOESaCCaN11nQzCKVHAqWCzUi/XLCN0TIasa6gkCdPhdHHtDJ8ZZYDjVJmSgBfq94kpSbSeJJHpTAiM9G9vLv7ldXOIL8Ipl1kOTNLlojgXGFI8fx0PuGIUxMQQQhU3t2I6IopQMAGVTAhfn+L/ScszQdneTa1Sv1zFUUQn6BSdIxcFqI6uUQM1EUV36AE9oWcrtR6tF+t12VqwVjPH6Aest08QZY92</latexit>

P✓
<latexit sha1_base64="YhL11xTRGsbaPEOSVWRYfTORRm0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRttXVXdOOygrWFJoTJdNoOnTyYuRFKqL/ixoUibv0Qd/6Nk7aCih4YOJxzL/fMCRLBFdj2h1FYWV1b3yhulra2d3b3zP2DWxWnkrIOjUUsewFRTPCIdYCDYL1EMhIGgnWDyWXud++YVDyObmCaMC8ko4gPOSWgJd8suyGBMSUCt/3MhTEDMvPNim01685Zo4Ftq+5Uq82aJrXTmn3exI5lz1FBS7R9890dxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifU0jEjLlZfPwM3yslQEexlK/CPBc/b6RkVCpaRjoyTyq+u3l4l9eP4Vh08t4lKTAIro4NEwFhhjnTeABl4yCmGpCqOQ6K6ZjIgkF3VdJl/D1U/w/ua1aTs2qXtcrrYtlHUV0iI7QCXJQA7XQFWqjDqJoih7QE3o27o1H48V4XYwWjOVOGf2A8fYJPtqVLQ==</latexit>

bP✓
<latexit sha1_base64="FyfHC/GQsu734QVf9+WxGrITCw4="></latexit>

bPZ
<latexit sha1_base64="kcvi7lgZYVJ+mDVY6QjNLhlwaeU=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCq5CkrXFZdOOygn1gU8pkMmmHTh7MTJQS4sZfceNCEbf+hTv/xklbQUUPXDiccy/33uMljAppmh/awuLS8spqaa28vrG5ta3v7LZFnHJMWjhmMe96SBBGI9KSVDLSTThBocdIxxufF37nhnBB4+hKThLSD9EwogHFSCppoO+7t9QnIyQzN0RyhBGDzXyQXecDvWIaTr1qOzY0Deukatatgtg1p1aHlmFOUQFzNAf6u+vHOA1JJDFDQvQsM5H9DHFJMSN52U0FSRAeoyHpKRqhkIh+Nv0gh0dK8WEQc1WRhFP1+0SGQiEmoac6izPFb68Q//J6qQxO+xmNklSSCM8WBSmDMoZFHNCnnGDJJoogzKm6FeIR4ghLFVpZhfD1KfyftG3Dqhr2Za3SOJvHUQIH4BAcAws4oAEuQBO0AAZ34AE8gWftXnvUXrTXWeuCNp/ZAz+gvX0CSueXcQ==</latexit>

Pz
<latexit sha1_base64="Xk6GVzuHyhClX+wybFEoso4Kd5s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GuZR7bgrunFZwT6gHUsmzbShmcyQZJQ69D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OkDAqlWV9GIWl5ZXVteJ6aWNza3unvLvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwvsj99i0Rksb8Wk0S4kdoyGlIMVJauulFSI0wYrDRz+6n/XLFMr2qfVqrQcus2o7juZq4J6515kHbtGaogAUa/fJ7bxDjNCJcYYak7NpWovwMCUUxI9NSL5UkQXiMhqSrKUcRkX42Sz2FR1oZwDAW+nEFZ+r3jQxFUk6iQE/mKeVvLxf/8rqpCj0/ozxJFeF4fihMGVQxzCuAAyoIVmyiCcKC6qwQj5BAWOmiSrqEr5/C/0nLMW3XdK6qlfr5oo4iOACH4BjYoAbq4BI0QBNgIMADeALPxp3xaLwYr/PRgrHY2Qc/YLx9AvLqktI=</latexit>

2 Cm
<latexit sha1_base64="3qTgmJnSdMLSaUeyYhAJ3DKtmjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5cV7AOaWCbTSTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/kHFPjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeYNHO/+0ilYrG419OE+hEeCRYygrWRBnbFYwJ5EdbjIEDNh2hgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM7KXqpogskEj2jfUIEjqvxsHnyGzowyRGEszRMazdXfGxmOlJpGgZnMI6plLxf/8/qpDq/9jIkk1VSQxaEw5UjHKG8BDZmkRPOpIZhIZrIiMsYSE226KpsS3OUvr5JOveZe1Op3l9XGTVFHCU7gFM7BhStowC20oA0EUniGV3iznqwX6936WIyuWcXOMfyB9fkD2niSkA==</latexit>

Generative networkLatent space
G✓

<latexit sha1_base64="hMjPPrjVhJCWHJIlFkq/WFtnYic=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXRhS4r2Ac0IUymk3bo5MHMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cPxFcgWV9G5W19Y3Nrep2bWd3b//APDzqqTiVlHVpLGI58IligkesCxwEGySSkdAXrO9Pbwq//8ik4nH0AFnC3JCMIx5wSkBLnll3QgITSgS+9XIHJgzIzDMbVtOaA68SuyQNVKLjmV/OKKZpyCKggig1tK0E3JxI4FSwWc1JFUsInZIxG2oakZApN5+Hn+FTrYxwEEv9IsBz9fdGTkKlstDXk0VUtewV4n/eMIXgys15lKTAIro4FKQCQ4yLJvCIS0ZBZJoQKrnOiumESEJB91XTJdjLX14lvVbTPm+27i8a7euyjio6RifoDNnoErXRHeqgLqIoQ8/oFb0ZT8aL8W58LEYrRrlTR39gfP4Au4yU0w==</latexit>

Generated samples

Sketching

A
<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit> A( bP✓)

<latexit sha1_base64="lw0JmqYGH7IdfQzb21w5RexgEko="></latexit>
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