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Motivation

A Baseline for Any Order Gradient Estimation in Stochastic Computation Graphs

Applications of higher order gradients in reinforcement learning and meta-learning

Estimating higher order gradients accurately and efficiently
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Background
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Stochastic Computation Graphs (Schulman et al., 2015)

Nodes: 0 Input node € ©

Q Deterministic node d € D 9

Stochastic node w € S

Y
(i%|>
~

Objective function:

L=E[ ]

~cC
First Order Gradient €

Score function estimator

Higher Order Gradient?




Background

A Baseline for Any Order Gradient Estimation in Stochastic Computation Graphs

DiCE: The Infinitely Differentiable Monte Carlo Estimator (Foerster et al., 2018b)
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Baseline Construction
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First Order Baseline (from original DiCE)
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RL Experiments

A Baseline for Any Order Gradient Estimation in Stochastic Computation Graphs

First and Second Order Baselines
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RL Experiments
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Higher Order Baselines

Accuracy of Higher order terms with different Baselines
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LOLA-DICE
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Learning with Opponent Learning Awareness — DiCE (Foerster et al., 2018b)

-1.2

—— w/ 2nd order baseline
—— w/0 2nd order baseline

T
£’ (91’ 92)LOLA - Eﬁal o, +A02(01,62) [Z »ytrtl]

t=0 —1.4-

T
A92(91, 92) = a2v62 Eﬂ-gl T, [Z ’Yt'rt2]

t=0

—1.6 A

Average per-step return

-1.8

0 200 400 600
Iterations




Conclusion

A Baseline for Any Order Gradient Estimation in Stochastic Computation Graphs

A baseline for efficient estimations of higher order gradients using DiCE formalism

Examples:
Gradient estimations up to 4th order
LOLA-DiCE with 2"d order baseline

Future work
Extending the framework to a base-generating term for any order gradient estimators

Further applications in RL and meta-learning
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