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Differentiable probabilistic programming
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VI performance depends on the variational
parameterization
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Automatic structured variational inference

Automatic construction of structured
variational families
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Automatic differentiation variational inference
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ASVI preserves the forward pass of the model
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Variational inference with normalizing flows

Normal distribution

Non-linear transformation
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ASVI with cascading flows
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Push-forward of non-linear transformation (normalizing flow)
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Highway flow architecture

1. Upper triangular highway layer:
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2. Lower triangular layer:
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3. Highway activation functions:
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Hierarchical variational inference and auxiliary variables
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Hierarchical variational inference and auxiliary variables
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Augmented ELBO
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Backward coupling and amortization
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Experimental results

Regression
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Table 1. Predictive and latent log-likelihood (forward KL) of variational timeseries models. Error are SEM estimated over 10 repetitions.

CF ASVI MF GF MVN CF (non-res)
BR-r Pred —2.27£0.26 —2.234+0.21 —3.79+0.82 —2.81 £0.56 —2.88 £0.53 —-3.33 £0.65
Latent  —1.48£0.19 —1.454+0.14 —4.02+0.63 —2.41£0.52 —2.02£0.48 —3.63£0.74

BR-c Pred 1.61 +£0.18 1.45+0.14 1.04 +0.03 2.00 £ 0.29 1.02 +£0.03 1.31+0.18
Latent —1.53 £ 0.21 —1.55£0.19 —5.78 £ 0.89 —2.06 £0.53 —2.82+0.77 —5.07£0.85
LZ-r Pred —2.89 £ 0.17 —4.48 £+ 0.60 —8.26 £ 0.28 —8.03 £0.37 —8.24 £0.29 —8.25 £0.27
Latent —2.39 4 0.45 —4.38£0.67 —10.28£0.18 —9.44 £0.20 —-9.45£0.22 —10.00£0.18

LZ-c Pred 5.10 £ 0.52 0.92 +0.03 0.90 & 0.003 0.86 £ 0.15 0.89 £ 0.001 0.88 £0.04
Latent —4.19 4 0.66 —7.47+0.30 =9.89.2=.0.19 —8.71 £ 0.32 —8.58 £0.34 —9.59 £0.29
PD-r Pred —3.19 + 0.22 —-3.25+0.11 —4.42 4+ 0.22 —3.84 £0.28 —4.30 £0.22 —4.29 £0.25
Latent —2.32+0.19 —3.14£0.12 —-9.12+0.29 —4.16 £0.33 —7.72+0.30 —8.27 £ 0.36

PD-c Pred 1.97 4+ 0.07 1.65 +0.06 0.86 &+ 0.003 01.07 £0.02 1.09 £ 0.02 0.96 £0.01
Latent —2.77 £0.18 —-3.09 £0.15 —8.40 £ 0.43 —6.20 £0.40 —7.45+£0.42 —8.41£0.43

RNN-r  Pred —1.68 £ 0.05 —-2.30£0.18 —520+094 —1.6040.09 —4.47+0.92 —1.97 £.0.21
Latent —1.34 4+ 0.33 —-1.95+0.35 —10.30+0.20 —6.39 +£1.27 —6.61 £0.50 —10.4740.22

RNN-¢  Pred 5.77 £ 1.40 1.05 £ 0.06 0.81+0.03 2.814+0.36 0.86 + 0.02 1.39 £ 0.04
Latent  —2.30£0.61 —2.05+0.32 -10.22+0.29 -—10.75+0.15 —10.22+0.29 —11.22+0.04
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