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Vug(s) =V !Z m(als)qr(s,a)|, forall se€§ (Exercise 3.18) ij‘! ent +heore in

a

— —Vﬂ(a|s)qﬂ(s, a) + m(als)Vgx (s, a)] (product rule of calculus)

— -Vw(a|s)qﬂ(s, a)+ m(als)V ZP(S,, rls,a)(r+ UW(SI))]

’(Exercise 3.19 and Equation 3.2)
= [ Vn(als)an (s, a) + m(als) Y p(s'| s, a)VU,,(s’)] (Eq. 3.4)
= —V7r(cz|s)q7r(s, a) + m(als) Zp(s' |s,a) (unrolling)

a s’/

D [VA(@|s)anls', ') + 7 (@ls) 3o p(s" 150! Von(s)]]

:ZZ S—)CE’,]{I,W)ZVW(CL'SC)QW(xva)?
€8 k=0 a

after repeated unrolling, where Pr(s— x, k, m) is the probability of transitioning
from state s to state x in k steps under policy 7. It is then immediate that

V.J(8) = Vur(so)
_Z (Zpr so— s, k,m ) va als)qx (s, a)
= zs:n S)Zw a|s)qx(s,a) (box page 199)
—Zn ZZ vaa| )¢x (s, )
= Zln s') ZS:M 5) ZG:VW(GIS)qw(Saa) (Eq. 9.3)
x Z 1(s) ;Vw(als)qﬂ(s,a) (QE.D.)
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Vug(s) =V [Z m(als)qx(s,a)|,

after repeated unrolling, where Pr(s— x, k, m) is the probability of transitioning

for all s € 8 (Exercise 3.18)

a

— —Vﬂ(a|s)qﬂ(s, a) + m(als)Vgx (s, a)] (product rule of calculus)

— -Vw(a|s)qﬂ(s, a)+ m(als)V ZP(S,, rls,a)(r+ UW(SI))]

a s',r

(Exercise 3.19 and Equation 3.2)

=3 :w(a|.s)q7,(.s,a)+w(a|.s)Zp(sqs,a)vu,,(s’)] (Eq. 3.4) —

-2 :Vw(als)qﬂ(s,a)+7T(G|S)Z,P(3,|3va) (unrolling)
(V@) )an (') + (el 1) Do ! ) e ()]
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from state s to state x in k steps under policy 7. It is then immediate that

V.J(8)

= Vu(s0)

—Z(ZPI‘SO—)SI{Z’R')ZVWCLl $)qr(s,a)

= Zn S’)ZV?T als)qx(s,a) (box page 199)
= Z n(s') Z o> ;)(8/) ; V(als)gx (s, a)

=370 S () S Vn(als)an(s, ) (Eq. 9.3)

o > p(s) > Vr(als)gx(s. a) (Q.ED.)
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Vug(s) =V [Z m(als)qr(s,a)|, forall se€§ (Exercise 3.18)
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after repeated unrolling, where Pr(s— x, k, m) is the probability of transitioning
from state s to state x in k steps under policy 7. It is then immediate that
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J(0) x Zu(s) Z q=(s,a)Vr(als,8)

RE\NFORCE
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E\NTFORCE

VJ(0) x Z u(s) Z 4= (s,a)V(als,8)
s @ S 01 =60, +a ) §(Si,a,w)Vr(alS;,0)
=E, Zqﬁ(St,a)Vﬂ(MSt,O)] : ¢

| Vr(alS:, 0
VJ(H) — Eﬂ’ Zﬂ-(a’lsta e)qﬂ(sta a’) 7T(C(L|;|Stt0))]
=E, _qW(St, Ay) Yr?f‘ifgff’ee))] (replacing a by the sample A; ~ )
i VW(At|St,9)]
=E,|G : because E,|G;|S:, Al = q-(Si, A
] t 7T(At|St79) ( [ t‘ t t] q ( t t))



RE\NFORCE

VJ(0) x Z,u(s) Z 4= (s,a)Vr(als,8)
s @ S 01 =60, +a ) §(Si,a,w)Vr(alS;,0)
=E, ZqW(St,a)VW(MSt,H)] : ¢

— Vr(alS:, 0
VI(6) = x| Y m(alS:,0)a- () |sfa>)]
= E, _q,,(St, Ay) Yr?ilfrg?TBO))] (replacing a by the sample A; ~ )
[ Vn(A]S, 0)
= b E JAL = qr (St A
Ex -Gt (A[S,.0) | (because Er[G¢|St, At] = qx(St, At))

REINFORCE: Monte-Carlo Policy-Gradient Control (episodic) for 7,

Input: a differentiable policy parameterization 7 (als, @)
Algorithm parameter: step size a > 0
Initialize policy parameter @ € R? (e.g., to 0)

Loop forever (for each episode):
Generate an episode Sy, Ag, R1,...,S7-1,Ar_1, Ry, following 7 (|-, 0)
Loop for each step of the episode t =0,1,...,7 — 1:
G Zfzm YRy, (G)
0« 0+ a'GVinn(AS:, 0)
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E\NFORCE + RBaseline.

VJ(6) < Y u(s)D  ax(s,a)Vn(als,6)

|

VJI(0) x> u(s) Z(qw(s, a) — b(s))Vw(aLs, 9).

> b(s)Vn(als,8) = b(s)V Y m(als,8) =

0,1 =0, + a(Gt |n(s, )

b(s)V1
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REINFORCE with Baseline (episodic), for estimating mg ~ 7,

Input: a differentiable policy parameterization 7(als, 8)

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

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

Loop forever (for each episode):
Generate an episode Sy, Ao, R1,...,S7-1,Ar—_1, Ry, following 7 (-|-,8)
Loop for each step of the episode t =0,1,...,7T — 1:
G« ZZ:::H Y* IRy,
0+ G— ’l,}(St,W)
W W+ aV Vo (S,,w)
0« 0 +a®~'5V Inm(As|Se, 0)

One-step Actor—Critic (episodic), for estimating 79 ~ T,

Input: a differentiable policy parameterization 7(al|s, 0)
Input: a differentiable state-value function parameterization 0(s,w)
Parameters: step sizes a® >0, a¥ >0
Initialize policy parameter 6 € RY" and state-value weights w € R? (e.g., to 0)
Loop forever (for each episode):

Initialize S (first state of episode)

I+1
Loop while S is not terminal (for each time step):
A~ 7(]5,0)
Take action A, observe S, R
d+— R+~v(S8"\w) —0(S,w) (if S’ is terminal, then v(S’',w) = 0)

W w4+ aVoVo(S,w)
60— 0+a%15Vinm(A|S,0)
I «~I

S« S
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