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Overview

XMMD-based losses for implicit generative models are effective and principled.

×Previous approaches have bad topological properties.

XWe introduce gradient-regularized MMD loss with better topology.

XNew insight on the desired properties for the discriminator network.

X State-of-the-art results on 64× 64 unconditional ImageNet and 160× 160 CelebA.

Integral Probability Metrics

Integral Probability Metrics (IPMs) are distances between distributions defined by a
class of critic functions F :

D(P,Q) = sup
f ∈F

EX∼P[f (X )]− EY∼Q[f (Y )]

1-Wasserstein distance: F is the set of 1−Lipschitz functions

F = {f : |f (x)− f (y)| ≤ ‖x − y‖,∀x , y}
WGANs approximate f with a critic network φψ. Weight clipping [1] or gradient
penalty [4] used to make φψ approximately Lipschitz.

Maximum Mean Discrepancy (MMD) has F a unit ball in a Reproducing
Kernel Hilbert Space (RKHS) H with kernel k :
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Closed form solution:

f ?(t) ∝ EP[k(X , t)]− EQ[k(Y , t)]

Unbiased estimator:

M̂MD
2

= 1
n(n−1)

∑
i 6=j

k(reali, realj) + k(fakei, fakej)

− 2
n2

∑
i ,j

k(reali, fakej)

Smooth optimal critic:

sample-optimal critics population-optimal critics

Wasserstein MMD

Maximum Mean Discrepancy for GANs

MMD GANs optimize critic in kernel:

kψ(x , y) = kbase(φψ(x), φψ(y))

inf
θ

sup
ψ

MMD2
kψ

(P,Qθ)︸ ︷︷ ︸
DMMD(P,Qθ)

MMD	� 
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Can also use gradient penalty [2].

Continuity under weak topology

DMMD not continuous / differentiable in general:

x
<latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit>

P = �0
<latexit sha1_base64="5NTfpX2cu/5hSk4hrfl2Ks7B01o=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZF0EYI2lhGMA/ILmF2cpMMmX0wc1cMy/6Cjb9iY6GIrZ2df+PkUWjigYHDOffOnDlBIoVGx/m2Ciura+sbxc3S1vbO7p69f9DUcao4NHgsY9UOmAYpImigQAntRAELAwmtYHQ98Vv3oLSIozscJ+CHbBCJvuAMjdS1Kx7CA07vyQKZQp55IcNhEGT1nF5SrwcSWdfJadcuO1VnCrpM3DkpkznqXfvL68U8DSFCLpnWHddJ0M+YQsEl5CUv1ZAwPmID6BgasRC0n02T5PTEKD3aj5U5EdKp+nsjY6HW4zAwk5O4etGbiP95nRT7F34moiRFiPjsoX4qKcZ0Ug/tCQUc5dgQxpUwWSkfMsU4mhJLpgR38cvLpHladQ2/PSvXruZ1FMkROSYV4pJzUiM3pE4ahJNH8kxeyZv1ZL1Y79bHbLRgzXcOyR9Ynz8J8Z23</latexit><latexit sha1_base64="5NTfpX2cu/5hSk4hrfl2Ks7B01o=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZF0EYI2lhGMA/ILmF2cpMMmX0wc1cMy/6Cjb9iY6GIrZ2df+PkUWjigYHDOffOnDlBIoVGx/m2Ciura+sbxc3S1vbO7p69f9DUcao4NHgsY9UOmAYpImigQAntRAELAwmtYHQ98Vv3oLSIozscJ+CHbBCJvuAMjdS1Kx7CA07vyQKZQp55IcNhEGT1nF5SrwcSWdfJadcuO1VnCrpM3DkpkznqXfvL68U8DSFCLpnWHddJ0M+YQsEl5CUv1ZAwPmID6BgasRC0n02T5PTEKD3aj5U5EdKp+nsjY6HW4zAwk5O4etGbiP95nRT7F34moiRFiPjsoX4qKcZ0Ug/tCQUc5dgQxpUwWSkfMsU4mhJLpgR38cvLpHladQ2/PSvXruZ1FMkROSYV4pJzUiM3pE4ahJNH8kxeyZv1ZL1Y79bHbLRgzXcOyR9Ynz8J8Z23</latexit><latexit sha1_base64="5NTfpX2cu/5hSk4hrfl2Ks7B01o=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZF0EYI2lhGMA/ILmF2cpMMmX0wc1cMy/6Cjb9iY6GIrZ2df+PkUWjigYHDOffOnDlBIoVGx/m2Ciura+sbxc3S1vbO7p69f9DUcao4NHgsY9UOmAYpImigQAntRAELAwmtYHQ98Vv3oLSIozscJ+CHbBCJvuAMjdS1Kx7CA07vyQKZQp55IcNhEGT1nF5SrwcSWdfJadcuO1VnCrpM3DkpkznqXfvL68U8DSFCLpnWHddJ0M+YQsEl5CUv1ZAwPmID6BgasRC0n02T5PTEKD3aj5U5EdKp+nsjY6HW4zAwk5O4etGbiP95nRT7F34moiRFiPjsoX4qKcZ0Ug/tCQUc5dgQxpUwWSkfMsU4mhJLpgR38cvLpHladQ2/PSvXruZ1FMkROSYV4pJzUiM3pE4ahJNH8kxeyZv1ZL1Y79bHbLRgzXcOyR9Ynz8J8Z23</latexit><latexit sha1_base64="5NTfpX2cu/5hSk4hrfl2Ks7B01o=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZF0EYI2lhGMA/ILmF2cpMMmX0wc1cMy/6Cjb9iY6GIrZ2df+PkUWjigYHDOffOnDlBIoVGx/m2Ciura+sbxc3S1vbO7p69f9DUcao4NHgsY9UOmAYpImigQAntRAELAwmtYHQ98Vv3oLSIozscJ+CHbBCJvuAMjdS1Kx7CA07vyQKZQp55IcNhEGT1nF5SrwcSWdfJadcuO1VnCrpM3DkpkznqXfvL68U8DSFCLpnWHddJ0M+YQsEl5CUv1ZAwPmID6BgasRC0n02T5PTEKD3aj5U5EdKp+nsjY6HW4zAwk5O4etGbiP95nRT7F34moiRFiPjsoX4qKcZ0Ug/tCQUc5dgQxpUwWSkfMsU4mhJLpgR38cvLpHladQ2/PSvXruZ1FMkROSYV4pJzUiM3pE4ahJNH8kxeyZv1ZL1Y79bHbLRgzXcOyR9Ynz8J8Z23</latexit>

Q✓ = �✓
<latexit sha1_base64="p/S50GX6DibhmsVwx9LpstUKV8Y=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjMi1I1QdOOyBfuATimZzG0bmnmQ3BHLMJ/ixl9x40IR3enXmD4QbT0QOJxzb3JyvFgKjbb9aeVWVtfWN/Kbha3tnd294v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9cRv3YHSIgpvcRxDN2CDUPQFZ2ikXrHiItzj9J5UgZ+lbsBw6HlpPeulLg4BWUYvqeuDRPajZLRXLNllewq6TJw5KZE5ar3ih+tHPAkgRC6Z1h3HjrGbMoWCS8gKbqIhZnzEBtAxNGQB6G46DZbRE6P4tB8pc0KkU/X3RsoCrceBZyYn8fWiNxH/8zoJ9i+6qQjjBCHks4f6iaQY0Ulb1BcKOMqxIYwrYbJSPmSKcTSdFkwJzuKXl0nzrOwYXj8vVa/mdeTJETkmp8QhFVIlN6RGGoSTB/JEXsir9Wg9W2/W+2w0Z813DskfWF/fW2Wk5A==</latexit><latexit sha1_base64="p/S50GX6DibhmsVwx9LpstUKV8Y=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjMi1I1QdOOyBfuATimZzG0bmnmQ3BHLMJ/ixl9x40IR3enXmD4QbT0QOJxzb3JyvFgKjbb9aeVWVtfWN/Kbha3tnd294v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9cRv3YHSIgpvcRxDN2CDUPQFZ2ikXrHiItzj9J5UgZ+lbsBw6HlpPeulLg4BWUYvqeuDRPajZLRXLNllewq6TJw5KZE5ar3ih+tHPAkgRC6Z1h3HjrGbMoWCS8gKbqIhZnzEBtAxNGQB6G46DZbRE6P4tB8pc0KkU/X3RsoCrceBZyYn8fWiNxH/8zoJ9i+6qQjjBCHks4f6iaQY0Ulb1BcKOMqxIYwrYbJSPmSKcTSdFkwJzuKXl0nzrOwYXj8vVa/mdeTJETkmp8QhFVIlN6RGGoSTB/JEXsir9Wg9W2/W+2w0Z813DskfWF/fW2Wk5A==</latexit><latexit sha1_base64="p/S50GX6DibhmsVwx9LpstUKV8Y=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjMi1I1QdOOyBfuATimZzG0bmnmQ3BHLMJ/ixl9x40IR3enXmD4QbT0QOJxzb3JyvFgKjbb9aeVWVtfWN/Kbha3tnd294v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9cRv3YHSIgpvcRxDN2CDUPQFZ2ikXrHiItzj9J5UgZ+lbsBw6HlpPeulLg4BWUYvqeuDRPajZLRXLNllewq6TJw5KZE5ar3ih+tHPAkgRC6Z1h3HjrGbMoWCS8gKbqIhZnzEBtAxNGQB6G46DZbRE6P4tB8pc0KkU/X3RsoCrceBZyYn8fWiNxH/8zoJ9i+6qQjjBCHks4f6iaQY0Ulb1BcKOMqxIYwrYbJSPmSKcTSdFkwJzuKXl0nzrOwYXj8vVa/mdeTJETkmp8QhFVIlN6RGGoSTB/JEXsir9Wg9W2/W+2w0Z813DskfWF/fW2Wk5A==</latexit><latexit sha1_base64="p/S50GX6DibhmsVwx9LpstUKV8Y=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjMi1I1QdOOyBfuATimZzG0bmnmQ3BHLMJ/ixl9x40IR3enXmD4QbT0QOJxzb3JyvFgKjbb9aeVWVtfWN/Kbha3tnd294v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9cRv3YHSIgpvcRxDN2CDUPQFZ2ikXrHiItzj9J5UgZ+lbsBw6HlpPeulLg4BWUYvqeuDRPajZLRXLNllewq6TJw5KZE5ar3ih+tHPAkgRC6Z1h3HjrGbMoWCS8gKbqIhZnzEBtAxNGQB6G46DZbRE6P4tB8pc0KkU/X3RsoCrceBZyYn8fWiNxH/8zoJ9i+6qQjjBCHks4f6iaQY0Ulb1BcKOMqxIYwrYbJSPmSKcTSdFkwJzuKXl0nzrOwYXj8vVa/mdeTJETkmp8QhFVIlN6RGGoSTB/JEXsir9Wg9W2/W+2w0Z813DskfWF/fW2Wk5A==</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><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

0
<latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit><latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit><latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit><latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit>

� (x) =  x
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DiracGAN [7]

Gradient Constrained MMD

Adjust the radius of the RKHS ball according to the smoothness of k :

FS = {f ∈ Hk : ‖f ‖Hk
≤ σk}

SMMDk(P,Q) := sup
f ∈FS

EP[f (X )]− EQ[f (X )] = σk MMDk(P,Q)

σk :=

(
λ + EX∼S

[
k(X ,X ) +

∑d
i=1

∂2k(y ,z)
∂yi∂zi

∣∣∣
(y ,z)=(X ,X )

])−1
2

Optimal f ? satisfies EX∼S[‖∇f ?(X )‖2] ≤ 1

Other possible choices for F :

FLip := {f ∈ Hk : ‖f ‖2
Lip + λ‖f ‖2 ≤ 1} FGC := {f ∈ Hk : ‖f ‖2

L2(S) + ‖∇f ‖2
L2(S) + λ‖f ‖2 ≤ 1}

F FLip FGC FS

Effectiveness

Tractability
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Theory: Continuity under weak topology

DSMMD(P,Q) is continuous in weak topology if:

S has a density (can depend on P, Q)

φψ is fully connected, Leaky-ReLU activations,
non-increasing width

Each layer of φψ has weights with bounded
condition number

kbase is “reasonable” (Gaussian, linear, . . . )
0 20K 40K 60K

0

200

400

600

Condition Number: Layer 1
SMMDGAN
SN-SMMDGAN
MMDGAN
SN-MMDGAN

Orthogonal Normalization [3] or Spectral Normalization [8] control the condition number in practice.

Experimental Comparison

Scaled MMD GANs outperform other GANs (WGAN-GP, MMD-GAN, SN-GAN).

(a) Scaled MMD GAN, SN (b) SN-GAN

ImageNet, 64× 64.
No labels.
Generator: 10-layer ResNet.
Critic: 10-layer ResNet.

(a) Scaled MMD GAN, SN (b) MMD GAN, GP+L2

CelebA, 160× 160.
Generator: 10-layer ResNet.
Critic: 5-layer DCGAN.

0 20 40
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WGAN-GP [1, NeurIPS-17]
BGAN [6, ICLR-18]

SN-GAN [8, ICLR-18]
MMDGAN-GP-L2 [2, ICLR-18]

Sobolev-GAN [9, ICLR-18]
SN-SMMDGAN (ours)

ImageNet CelebA
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KID ×103 [5]
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Implementation at github.com/MichaelArbel/Scaled-MMD-GAN

Faster training and better complexity control

0 2 4 6 8 10
generator iterations ×104
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SN-SWGAN
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