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Recap & Today’s Outline

e Policy gradients e Optimal baseline

e Bias and variance e Causality

e Baseline e Actor-critic



Baseline VoJ(0) = Erp,(r) Vo log ps(7) r(7)]

Let Y = Vo log pe(r) - <r(7‘) - b)
E {Y] =E [Vg log pg(7) - 7“(7‘)] —b-E |:V9 10gp9(7')]
E[Vglogpy(T)] = /pe(T)Velogpe(T) dr
= /Vgpg(T) dr

:VQ/pg(T) drt = Vyl

E [Y] =F [VH log py(T) - 7’(7)] [ Our revised estimator Y does not introduce bias




Optimal Baseline VoJ (0) = Ervpy(r) [Vo log po(7) 7(7)]
Y = Vyglogpe(T) - (7‘(7‘) — b)

_ Var(f(2))

[ Thus, sufficient to analyse variance of Y. Then divide by N ]
N

Var(E[f(z)])

Var(y) =E[v? - (E[y]?  ([|Canweigners the second terme )

E[Y] = E[V@ logpg(T)-T(T):| [ Independent of b }

Therefore, we are interested in E[Y?]



Optimal Baseline ¥ = Valogra(r)- (r(r) )

[ Goal: Find b such that the variance is lowest }

Therefore, we are interested in E[Y?]

E|g(r)2(r(r) - b)?]

{Var i 5 5
—— = ZE [g(r)2(r(7) - b)’]
= (;—le g(1)*r(1)?] = 2E [g(7)*r(1)b] + b°E [g(7)?]
= -2 [9(7)27‘(7)] + 20E [9(7)2}
= 0
bopz‘ — E [9(7—>27(T)]
E [g(7)?]

[ In practice, we use the average reward as the baseline }




From Sutton and Barto

REINFORCE with Baseline (episodic), for estimating mg ~ 7.

Input: a differentiable policy parameterization m(als, 6)

Input: a differentiable state-value function parameterization v(s,w)
Algorithm parameters: step sizes o > 0, a™ > 0

Initialize policy parameter 8 € RY and state-value weights w € R? (e.g., to 0)

Loop forever (for each episode):
Generate an episode Sy, Ag, R1,...,S7_1, Ar_1, Ry, following 7 (|-, 8)
Loop for each step of the episode t =0,1,....7 — 1:
G Zfzm VIR, (G4)
60— G — ’lA)(St,W)
W — W + @W(SV@(St,W)
0« 0+ a®~t6VInn(ASs, 0)




Variance Reduction: Causality
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T
Z Vg log W@(ai,t lsi,t)Qi,t [ Reward-to-go

[ Reduced variance since we reduced the sum to be a smaller number }




