COSC 594
Policy Optimization (lll)

Dongsheng Ding

Department of Electrical Engineering and Computer Science

University of Tennessee, Knoxville



Outline

B RECAP
B NATURAL POLICY GRADIENT METHODS

B GLOBAL CONVERGENCE ANALYSIS



Outline

B RECAP



Natural policy gradient

FH(0)VeV™ (p)
W FISHER INFORMATION MATRIX
Fy(®) = E, g0 Banr|s) vglogw@(a|s)(vglogw@(a|s)ﬂ

Vologmy(a|s) — Fisher score

dy(-) — stationary state distribution



Natural policy gradient methods

Policy: my(-]s): S — A

Parameter: 64 cR¢

B NONCONVEX PARAMETER OPTIMIZATION

maxiemize V7™ (p)

B NATURAL GRADIENT ASCENT
0t «— 6 + nF(0)VeV™(p)

» Search the decision in a parameter space

» Costly inverse of Fisher information matrix



Natural policy gradient

Natural policy gradient: 7,(0)" V,V™(p)

Fisher information: F,(0) =E [ Vg log mg (Vg log 779)T

gradient

atural gradient

30~ 0)TF,(0-0)

Steepest ascent in Fisher information distance
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Natural policy gradient: multiplicative weights update

exp (& A’T"(s,a))
Z7™0(s)

T (als) = m(als)

Z70(s) ==Y qeamolal s)exp (5 A™(s,a)) — normalization constant

A™(s,a) = Q7 (s,a) — V™ (s) — advantage value function

B NATURAL POLICY GRADIENT

(L=NELOVV™(p) = FIOE, _y0() qmmy(.s) [A™(5,0)Vologmo(als)]

. - T 2
= argwmln Es~d’,§9(-),a~we(-|s) (A (s,a) —w' Vplogmg(a| s))



B SOFTMAX POLICY STRUCTURE

(U)Tve 10g7r9(a| 8)) = Ws,q — Zws a/ﬂ‘g s = W q — Ws.
s,a
\
w;,a = A™ (Saa) + w;‘
!
FI O™ (0)sa = ——wly = — A™(s.0) + ——a
P ) 1— v s,a 1 _ v 1 ~
U
eeg—,a ees,a+ 1ﬁ'y A™o (S,a)
7T€+ (a/ ’ 8) — Z e@:‘,a/ = Zal eesqa,_"_%Awe (S,al)
a/

x Soft policy iteration
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Global convergence

Natural gradient ascent : 9% =0+ 1F(0)VoV™(p)

exp (% A7 (s, a))

Multiplicative weights update : = (a|s) = m(a|s) Z7(s)

Incremental update: ¢, = 6,, + %A”(s, a)

B SUBLINEAR RATE

*

V(o) = VETp)

log |A| . 1
nT (1=7)*T

» No state-dependence and logarithmic action-dependence



B PERFORMANCE DIFFERENCE

V™(s) — V™ (s) Erpr(|m)
B~ pr(-|m)
B~ pr(-|m)
Er e pr(:|m)
Erpr(|m)
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B POLICY IMPROVEMENT PER STEP

1
t+1 t _ t
VED () = VOW) = 72E e peeni ) [A060)]
1 [ 7D (a]5)Z2O(s)
_ = (t+1)
= ,,7]E5~dff+1>(~) ;ﬂ' (a]s)log ~®(als)
1 __
= ZE,_ o D@ Ls) 70 |8) +10g 20 (s)]
n S~ L
1 e 70
> EES ngﬁ-l)(,) _IOg zZ (8)]
]_ _
> T’YESNH(-) {logZ(t)(s)]
> 0

dff“) > (1 —~)up — componentwise lower bound

» Monotonic policy improvement



B POLICY OPTIMALITY PER STEP

VE(p) = VO (p) = ﬁEwd;(-),an*us) [A(t)(&a)]
1 . 7D (a]s)Z20(s)
= 5I[?,Swd*() [E@:W (a|s)log ~O(als)
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B MONOTONICITY + POLICY OPTIMALITY

1 *
Vi) = VID() < =3 (Vo) - V)
Tt:D
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< €L Eqs [DKL(WS K%
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Generalization
Natural gradient ascent: 6" =0+ an(e)vavw (p)
exp (2 A™(s,0))
Z7(s)

Incremental update: 607, =0,,+ ﬁAﬂ'e(s, a)

Multiplicative weights update : =, (a|s) = m(a|s)

B POLICY MIRROR DESCENT

7 (-|s) « argmax (A%(s,),7'(-|s) —7(|s)) — 117DKL(7F,('|5) [m(-]s))

7.r/

= Mirror descent over a function space



Summary
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Multiplicative weights update

B GLOBAL CONVERGENCE ANALYSIS

Global last-iterate convergence



