Policy Gradient
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Recap: the REINFORCE Algorithm
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REINFORCE can have high uncertainty
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Today’s Question:

How to reduce Variance in Policy Gradient?



Outline:

1. A O(s, a) bised Policy Gradient

2. Variance Reduction via A Baseline



Notations "

Tver XQ

M= {P,r,y,u,S,A} where So ~ U 5\’4-

st
Vi(s) =E Z vir(s,, a,) | Sg = s, a, ~ @

h=0
7
Objectivel J(n) := E, _, [V”(So)]




Notations

M= {P,r,y,u,S,A} wheres,~ p

Vi(s) =E Z vir(s,, a,) | Sg = s, a, ~ @
h=0
Objective: J(x) := E, _, [V*(sp)]

d(s,a) = (1 =) ) r[Pi(s, a; o)
h=0



Notations

M= {P,r,y,u,S,A} wheres,~ p

Vi(s) =E Z vir(s,, a,) | Sg = s, a, ~ @
h=0

Objective: J(n) := E, _, [V*(s)]

d(s,a) = (1 =) ), y"Py(s, a; o)
h=0

A™(s,a) = Q*(s,a) = V*(s)

e

~T
(<A
/2
/>
—




Derivation of Policy Gradient w/ O”

Recall definition of value funct



Derivation of Policy Gradient w/ O”

Recall definition of value function V()

[T
Vol(mg) = VyE, _, [V™(sp)] & 7 &D

So~H




Derivation of Policy Gradient w/ O”

Recall definition of value function V"(s)

V() = VoE, _, [V7(sp)]
<
= [Es0~,u lVG[anfvﬂ@(so)Q H(SO’ aO)]
#

A
Chain RalC:

Al

V

(s)= =
GAV&("()

L
& ( S.o\)



Derivation of Policy Gradient w/ O”

Recall definition of value function V"(s)
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Recall definition of value function V()
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Summary so far:

chain rule + Important weighting + Recursion:

0
Vej(ﬂg) = 2 yh[ES,aNPZQ V@ln ﬂg(ah | Sh) : Qﬂﬂ(Sh, ah)
h=0
for finite horizon MDP (try this out!)

H-1
Vol = ¥ E, o p lVln 7oy 51) - Qs ah)]

h=0 ———
’



Summary so far:

chain rule + Important weighting + Recursion:
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Outline:

« 1. A O(s, a) based Policy Gradient

2. Variance Reduction via A Baseline
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Q-based PG with a baseline
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The Advantage-based PG:

Denote b(s) as a state-dependent baseline, turns out that
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The Advantage-based PG:
Denote b(s) as a state-dependent baseline, turns out that
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The Advantage-based PG:

Denote b(s) as a state-dependent baseline, turns out that
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Summary for PG:

Three common PG formulations:

REINFORCE
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PG w/ Q function
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