m(als,0) =Pr{A; =a| S; = s}

r(x) = lim % SRR = 3 do(s) Y w(als) 3 p(s', rls, a)r

dr = lim Pr{S, = s} > de(s)> w(als,0)p(s|s,a) = da(s)
Ur(s) = Y Ba[Ripr — r(7) | Si=s]

qﬂ<87a) = ZEW[RtJrk - 1"(77') ’ St:saAt:a]
k=1

on(m) . o

AQ, = =
0, =a 50 aVr(r)

Vr(n) = Z d-(s) Z Gr(s,a)Vm(als,8) (the policy-gradient theorem)
= Zdﬂ(s) Z(c]ﬂ(s, a) — v(s)) Vr(als,8)  (for any v:8 — R)

= di(s)> _m(als,0) (cjw(s, a) — U<S))M

(als, 0)
~E {(qw(st, A) — v(SQ)% ' Sy~ di, Ay ~ (]S, 0)
Forward view:
0,1 =0,+ aV/T\(7T)
<o 5, o152

e.g., in the one-step linear case:
=6;+ 04<Rt+1 — R+ w/ ¢y 1 — WI:T@))
= 075 + a(Ste(St, At)

Vﬂ-<At‘Stv 0)
W(At’St, 0)



Deriving the policy-gradient theorem: Vr(m) = > d-(s) Y, 4=(s,a)Vr(als, 0):

Vo,(s VZ (als, 0)Gx(s,a)

= 3" [Vrlals. 8)is(5,0) + w(als, 0)Vin(s,0)

= _VW(&‘S, 0)q.(s,a) + w(als,O)V Zp(s’, rls,a)[r —r(7) + 17,r(5/)H

a s'r

Re-arranging terms:

_ :Vw(a|5, 0)G:(s,a) + w(als, 0) [—VT(?T) + ZP(S/LS, a)V@W(S')”

Vrm) =3 [vmys, 0)dx(s.a) + m(als,0) > p(s']s. a)Vﬁﬂ(sl)] — Vi (s)

a

Summing both sides over s, weighted by d,(s):

> de(s)Vr(m) = Zd Zw als, 0)dx (s, a)

| Sl )Yt
= dq(s va| qwsa)

S+Z/zs:dﬁ(8)2a:7r(a|s 0)p(s'|s, a) V(s

J/

dr(s')

= Zd ZVT(' als, 0)qr(s,a)
+ Zd )V (s Zd )Viia (s
= Zd Zq,, s,a)Vr(als,0) Q.E.D.

Z dr(s)Vr(s

Z dr(8)Vr(s



Final, complete policy-gradient algorithm:

Initialize parameters of policy 8 € R", and state-value function w € R™
Initialize eligibility traces z° € R and z% € R™ to 0
Initialize R = 0

On each step, in state S:
Choose A according to m(-|S, )
Take action A, observe S’, R
§+ R—R+9(S,w)—9(S,w)
R+ R+ aq6
zV — Az% + Vu0(S, w)
W W+ a0z"
20 \z® + LY

0 < 0+ a30z°

exp(0' @(s,a))
-, exp(07¢(s,0))

. Vr(als,0) (bls
e(s,a)——ﬂ(a|s’0) zb: (b|s, @) (s, b)

m(als,0) =

0= <0T OT)T

wr o

Vo, m(als,0) _ 1
m(als, 9) o(s)

Vom(als,0) [ (a—p(s)?
7(a]s. 6) ( !

5(a = p(s))@u(s)




