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Recap

● Aliased grid world

● Motivating PG

● Derivative-Free opt

● Finite difference
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Plan

● PG intuition and computation

● Likelihood weighting and score function 

● Variance reduction



Why is it called ‘Likelihood Ratio’ PG?
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Satellite Failure Example: Bayes Net

5

● 5 binary vars: battery failure, solar panel 
failure, electrical failure, deviation from 
planned path, comms loss 

● C and D observed: evidence vars

How do we compute the probability that nothing is wrong?

Example from Mykel Kochenderfer



Number of parameters
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If we want to specify the full joint distribution, how many 
independent params would we need?

How many params do we need now?



Inference Task
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● Compute the probability that battery failure has 
occurred given that we observe both trajectory 
deviation and loss of comms with our satellite

Exact inference in Bayes Nets is NP-hard. Thus, approximate inference



Direct Sampling
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● Start from a topological sort of the vars 
i.e., arrange parent nodes before child 
nodes

● Sample from the joint distribution in the 
order of the topological sort



Direct Sampling

What is our inference based on the 10 samples obtained?
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What is the issue with direct sampling?

Will need to discard many samples inconsistent with evidence



Likelihood Weighted Sampling
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● Sample from P(B)

● Sample from P(S)

● Sample from P(E|B,S)

● For D and C, assign D=1, C=1

● Weight sample based on E

Generate samples consistent with evidence.
Weight by how likely the evidence variable values are



Likelihood Weighted Sampling
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Likelihood Ratio PG
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Score Function Examples
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Example: LR gradient computation
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Gradient Ascent: Constrained Optimisation
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The Reinforce Algorithm

Section 13.1, Reinforcement Learning: An Introduction, Sutton & Barto

http://incompleteideas.net/book/RLbook2020.pdf


Trivia

17 Simple stat grad following algos for connectionist RL, Williams, ML 1992



2-step Example: Why does PG work?
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PG using AutoDiff
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Implementing PG
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