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Motivation

Generative models produce data - attempt to match ground truth
distribution

How can we distinguish real from generated data?
How to train generator network?

Proposal: use Maximum Mean Discrepancy (MMD) to distinguish
distributions
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Divergences

Comparison of two probability distributions

Kullback-Leibler (KL)

DKL(P||Q) = −
∑
i

P(i)log
Q(i)

P(i)

Jensen-Shannon

JSD(P||Q) =
1

2
KL(P||M) +

1

2
KL(Q||M)

M =
1

2
(P + Q)

Integral probability metrics

Witness function distinguishes P from Q
Includes MMD
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Maximum Mean Discrepancy

Definition

MMD2
k (P,Q) = Ex ,x ′ [k(x , x ′)] + Ey ,y ′ [k(y , y ′)]− 2Ex ,y [k(x , y)]

Estimate

M̂MDU

2
(P,Q) =

1(m
2

)∑
j 6=j ′

k(Xi ,X
′
i ) +

1(m
2

)∑
i 6=i ′

k(Yj ,Y
′
j )

− 2(m
2

)∑
i 6=j

k(Xi ,Yj)
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Test Power

Power: probability of rejecting H0 given that HA is true
Measure of effectiveness of hypothesis
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Hypothesis Test

H0 : P = Q

H1 : P 6= Q
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t-statistic

H0 : P = Q,H1 : P 6= Q
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Optimization

CPU cache optimization, multithreading

Improved performance over Intel MKL spectral solver
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Synthetic Data

Bandwidth selection for Gaussian RBF kernels - Blobs dataset

Optimizing t̂ better than optimizing MMD
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Model Criticism

Automatic relevance determination (ARD) kernel - MNIST
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GAN

Generative moment matching network (GMMN) uses MMD

t-GMMN - minimizes t-statistic
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Summary

MMD is a divergence metric

Constructed MMD optimization t-test

Propose MMD t-test as tool for GANs

Model criticism
GAN optimizer
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