We learn deep generative models

whose representations are invariant

under symmetry transformations.

Take a picture to see the full paper.
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Learning Deep Generative Models with Invariance under Symmetry Transformations
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We learn representations of MNIST digits that are invariant to rotations and successfully reconstruct the original digits: As digits are rotated more, we learn to predict larger angles:

Original data
rotation
L1 +0°
+30°
L1 +45°

Our model: Conjecture 1: p,;(n|%) must be sufficiently flexible.

R p 3
. 0.5-6(n—0°)40.5-5(n— 180°)
X ~ po (%), ’ 0.5-d(n —30°) + 0.5 d(n + 150°)
n~p¢(n|§(), 055(7]+300)+055(T]—1500)

x ~p(x|n, X), (a) Simple py (1| %) (b) Flexible p¢ (n] %)
Py (1| X)—[]—and p(n|%x)—

—» generative Conjecture 2: g4 (X |x) must be fully invariant w.r.t 7.

- - -» inference

—» invariant
Affine transformation parameterization:
7;7(5\() = TTI . )A(, T"7 — exXp (Z ﬂsz)

(a) p > 60°

Our training objective: Py (0| %)—[] —andp("ﬂ X)—

log p(x) = log [ [ p(x, %, ) dnds (5)

Conjecture 3: The distribution over 7 must depend on X.

g g [pxlh ) e(al ) o) )

au(n | %) gg(% | x) qv (] %) g¢(X|x)
> E [logp(x|%, n)] — E [Dxw (¢ || py)] — Dk (90 || o) = —L(6, ¥, ¢, v) (7) 6(n —0°)
v 44 9¢ 5(n — 30°)

6(n + 30°)
0.5-6(n—0°)+0.5-3(n— 180°)
0.5-8(n —30°) + 0.5 - §(n + 150°)

(a) n X 0.5-8(n+30°) + 0.5 - 6(n — 150°)

py (1) or py (1| %)—[]—and p(n) or p(n|X)—
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