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Recap: the REINFORCE Algorithm

Initialize @

While True:

1

Generate n i.i.d trajectories 77, ..., " using m,

1 n H—-1 | . .
Compute gradient: g = — Z ( Z V,ln ﬂg(a;l | S;ll) ' R(Tl))

rlizl h=0

update: 8 < 60 + ng (or adaptive methods like Adam)
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REINFORCE can have high uncertainty

1 n H—-1 | | .
Gradient: g = — E E Vyln ﬂg(d,ft | S;Z) - R(7")
n
i=1 \ h=0

\

Often require large n to reduce the
variance, especially when policy 7, is
quite random



Today’s Question:

How to reduce Variance in Policy Gradient?
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1. A 0(s, a) based Policy Gradient

2. Variance Reduction via A Baseline
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Notations

M ={P,r,y,1u,S,A} where sy~ u

Vi(s) =

0
- th”(shaahHSO:S’ahN”

h=0

Objective: J(7) := E; _, [VE(SO)]

d*(s,a) = (1 —y) ) 7"Pi(s,a; )
h=0

A”*(s,a) = O”"(s,a) — V' (s)
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Derivation of Policy Gradient w/ O”

Recall definition of value function V"(s)

Vod(mg) = VoE, ., [V7(sp)]
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Derivation of Policy Gradient w/ O”

Recall definition of value function V"(s)

Vod(mg) = VoE, ., [V7(sp)]

Esomu | YoEagzys0) € (S0, Ap) = o Z Vomg(ay | s) - Q"(sp, ap) + Z mo(ag | So) - VO™ (50, ap)
dy dy

— Sy~ H Z my(ag | Sp)

ayEA

[ Vomy(ag | sp)

- Q™(sg, ag) + ¥ Z 7o(ap | S0)Es, ~psp.an) YoV S1)
my(dg | $p) .

_SONIM _aONﬂe(Clole) Vé’ln ﬂe(ao ‘ SO) ) QﬂQ(SO’ ao) + }/ _S1N|]:D71Z9 VQVEQ(SI)

- _ - , ]
_SON,M _ClONﬂ'g(a()lSO) Veln ﬂH(aO | SO)QﬂQ(SO’ aO) + }/ _SlNI]:DTe _a1~7r9(a1|sl) Vﬁln ﬂ-@(al ‘ Sl)QﬂH(Sl’ al) + }/ SZNH:D;ZQ VQV]TH(SQ.)

1
= Z }’h _sh,ahfvumgeveln mo(ay | sp,) - Q" (s, ;) = 1 = adro Y gl mp(a |s) - O"(s, a)
h=0 —7
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Summary so far:

chain rule + Important weighting + Recursion:

Vol(np) = ) 7"
h=0

—s,a~P7 Voln my(ay, | s;,) - Qs ay)

for finite horizon MDP (try this out!)

H-1

Vol(mg) = )

h=0

Sh,ahN[P’Z@

Vin ﬂg(dh ‘ Sh) . Q;;@(Sh, ah)

Sh

\——\>
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V 1. A 0(s, a) based Policy Gradient

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

V(1) = 2 V'Eyanpro Voln myals) -
h=0

This still contains the entire future, could
still have high variance
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The Advantage-based PG:

Denote b(s) as a state-dependent baseline, turns out that

1
Vol = T | Volnmyals) - (Q7(s,a) - b(s))|
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The Advantage-based PG:

Denote b(s) as a state-dependent baseline, turns out that

1
Vol = T | Volnmyals) - (Q7(s,a) - b(s))|

_CZNﬂ'g("S) V@ln 71'9(61 | S)b(S)

my(als)

V
— Z myals) my(als) b(s) = b(s) 2 Vryals) =b(s)V lz my(a | s)] =b(s)V1 =0
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1
Vol (1) = I, 5 amd Volnmy(als) - (Qﬂe(S, a) — b(s))]

Baseline helps reduce variance (formal proof out of scope), and a common choice is V"(s):
h=0
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Three common PG formulations:

REINFORCE

VJO) =E.., [( Z Vln y(a, | sh)> R(T):|

h=0

PG w/ Q function

|
V,J(0) = T ¢ ared™ [Vgln my(a | S)(Q”e(s, a))]




Summary for PG:

Three common PG formulations:

VJ(O) =

V,J(0) =

REINFORCE

—7~py(T) |:( Z Vﬁln ﬂH(ah ‘ Sh)> R(T):|

h=0

PG w/ Q function

1 -y

= ¢ amed [ Vln ny(a | s) (Q”e(s, a))]

PG w/ A function (use V*(s) as a baseline)

V,J(0) =

1 —y

- aan | Voln7al $)(A™Gs, )|



