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Introduction

= Propose new stochastic recurrent model based by unifying successful ideas
from recently proposed architectures.

= At training step, add an auxiliary cost that forces the latent variable to
encode useful information.

= Perform better than alternative approaches.
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Figure: Diamonds and circles respectively represent deterministic and stochastic
states. Dashed lines represent the computation that is part of the inference model.
Double lines indicate auxiliary predictions implied by the proposed auxiliary cost.
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Variational Inference

= Goal : Find MLE
0% = argmaxﬁ (6; D) = Zlog/pg X, 2)dz

= By variational inference, we get

log po(x) > Eq, (21 [log pe(x|2)] — Dki(qs(2|x)Ipe(2))

= For a sequential data x = (x1, -+, x7) and latent variable z = (z, - - -

po(x|z) = [1, po(xe|z1:e—1, X1:6-1)

Experiments

,27),
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Model
= Decoder
o he= F(xe he_1,2) : LSTM model
= po(Xtr1|x1:t, z1:¢) is computed by f(o)(ht)-
= Prior

- polzlxie zie-1) = N(ze P, o) where [, log o] = #9) (h,_1)

= Inference <I\_/Iodel
- bt = f(XH_l, bt+1) : LSTM model
- qu(zilx) = Nz ¥, 0(?) where [1u{?, log o\”] = A9 (he_1, br)
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Auxiliary Cost and Learning

= Auxiliary cost
. _ .,(@ (3 (a) (21 — fa)
Pe(be|zt) = N (bt; py”™, 017 ) where [, log 0”'] = ) (zt)

= Loss function

L(x) > Z E%(ZtIX) [log po(xe+1]X1:t, 21:¢) + o log pe(be|z:)]
t

—DKL(q¢(Zt|X1:T)| ‘pe(Zn X1:t, zl:t—l)) + /B |Og pﬁ(Xf‘bt)
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Experiments

Model Blizzard TIMIT Models MNIST
RNN-Gauss 3530 1900 DBN 2hl (Germain et al ~ 8455
RNN-GMM 7413 26643  NADE (Uria ct al 2016) 88.33
VRNN-I-Gauss >8033 >28340 EoNADE- 2hl (Raikoctal] 84.68
VRNN-Gauss >9223 > 28805 DLGM 8 ~ 85.51
VRNN-GMM >9392 >28082  DARN Ihl (Gregoret al.| ~84.13
SRNN (smooth+res,) > 11991 > 60550  DRAW (Gregor et al| < 80.97
= > 68132 Pixel VA ~=79.027

O+ k1a Sims S DroTingimn 79587
= 14226 > PixelRNN | iayer) 80.75

Ours + aux > 15430 > 69530  PixelRNNg.iayen) 79.207
Ours + kla, aux > 15024 >70469  MatNets (Bachman] 78.507
Ours() jayer) < 80.60

Ours + aux iayery < 80.09
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