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Policy optimization
Policy: r: S (states) — A4 (action distribution)

Value function: V7(p):=E Z Yr(se, ar) | so ~ p
t=0

P(-|s,a): S x A— Ay — transition kernel
s0,ap, 70, S1,01,... — a trajectory = generated by a policy 7
B NONCONVEX OPTIMIZATION
maximize V7™ (p)

» Search the decision in a function space



Online vs offline RL
B ONLINE RL

rollout data {(si,a;,s},7;)

B OFFLINE RL

rollout(s)

data collected oONCe == == = =—
with any policy training phase

image source: arXiv:2005.01643



Actor-critic learning
Offline data: D = {(s;,a:,s,+1)} from a behavior policy 74
Value function: V7™ (p) =E, _,qry.|s) [@(5,a)]

B POLICY EVALUATION

ot € argqrjnin E(sa,6/) ~D [ (r(s, a) + qug(s/’ a) — 7Q¢(3’ a))2]

Q5 — target network w/ parameter ¢

a' ~my(-]s’) — next action
B POLICY IMPROVEMENT

+ 1
6" € argfgnax ESNDaNﬂg [Q¢ (S CL)} - 5Et,60,(5,a0)~73 [HGO —eg(at,t, S)HQ]

Behavior cloning

0<—nl+(1—n)0",d+—ndp+ (1 —n)ot



Policy optimization perspective in distribution space

Offline data: D = {(s¢, as, st+1)} from a behavior policy 73

Value function: V7™(p) = E,.,.x(|s [Q"(5,a)]

B KL-REGULARIZED POLICY IMPROVEMENT

maximize E__ sz [QU(s,0)] = nE,_ s [Di(a(- 1) | 75(:|5))]

Behavior cloning

V 7w mg, d)f D, Q™ + Q%" point-wise KL « path-wise KL

+
ot € arglenax Est,awwe(-|s) [Q¢ (570')} - nEt,Go,(s,ao)ND [HEO - Eg(at,t, S)||2]

Behavior cloning
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Policy mirror descent

77 (-s) « argmax (Q"(s,), 7 (-|s) = 7w(-]s)) - ;DKL(W/('|5) (1))

™

» gradient ascent over a function space
~» multiplicative weights update (MWU)

— r(als) SRMQ(s:0)
G‘S) - ( | ) Zﬂ-(s)

7t

~ fast global convergence

B KL MINIMIZATION

minimize DKL(7T+(‘ |s) || 7'(-]5))
Tl./



Variational policy optimization

MWU: rt(a|s)=n(a|s) exp (n Q" (s, a))

KL minimization: minimize Dy (7 (- 8) || 7'(- ] 5))
B WEIGHTED KL MINIMIZATION

minimize D (77 (-] s) [[7'(-] %))
)

L m(als)
E " 1
m1n71rrlnlze a~w(-]s) | €XP (nQ"(s,a))log w’(a\s)

Exponential Q-weighted likelihood maximization



B KL REDUCTION

7 (a|s
D (n (- [s)[[7'(-]5)) = Eamat( s [IOg W/(((l“s)):|

- exp(nQ7(s,a) , 7+ (als)
- E“”("S)[ Z7(s) 1gwl<a|s>}

) exp (nQ7(s,0)) | w(als)
= EGNWHS) |: ZW(S) 1 gq/(a\s)}

By [exp(nQ (5,0)) ), &P (NQ (Saa))]

Z7(s) o8 Z7(s)

n’-independent
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Diffusion policy

data point a” — action
B ANALOGUE W/ VAE

x noiser (encoder)

q(al’T | a’, s) = qla* |a07 s)q(a2 |a1, s)... q(aT | a1, s)

» denoiser (decoder)

p(a®a*T s) = p(a’,s)p(a® ' |a’,s)...p(a"|a',s) = 7(a”T|s)is a RL policy!



Variational policy optimization as fine-tuning

MWU: 7+ (a|s) = n(as) 2 (UQ(’;()s,a))
|

KL minimization: minimize Dy (7 (-] s) | 7'(- ] 8))

Weighted KL minimization: minimize E, . (.| [exp (nQ7(s,a))log

7.‘./

(als) ]

7'(a|s)

B POINT WEIGHTED KL MINIMIZATION

o . m(a’| s
minimize Ego (. |s) [exp (nQ™ (s, ao)) log 7(/((&0 “ s)) }

,n./

B PATH WEIGHTED KL MINIMIZATION

N N e )
minimize an:TNﬂ(.|8) [GXP (77@ (S,CL )) log 7r’(a0:T ‘ 5)

71.l



Path weighted KL

B PATH DECOMPOSITION

l T aO:T s
E, o1 ~r(-]s) [exp (77 Q" (s, ao)) log 71"((a0T||8)):|

7(a%T | s) ]

0
= Eat—l ~mi(-|at,s)t=1, T, T+1 |:eXp (77 Qﬂ'(s, a )) log m

2

m(at™t at,s
+EahT~w<-|8>[ Y e (nQ7(5,a°) Egrt wmy(-fat) [logf( | )H
t )

t=T+1

How to evaluate two weighted KL terms?



B PREVIOUS DIFFUSION POLICY
mi(a " atys) = N(au(al, s), o))

pat,al,s) = —“—at — ﬁ%e(at,t,s) — noise-based mean

o?(t) — variance

B CURRENT DIFFUSION POLICY

(a1t als) = N (a"pylalit,s),0?(0)I), pyla',t,s) = a'—
B MEAN SQUARE MINIMIZATION

miniemize Dy (m(at= 1] al, s) || mp(at= | al,s)) o mini@mize le(al,t,s) — ep(at,t, s)|?



B WEIGHTED KL BETWEEN TWO GAUSSIANS

Dx(pllq)

p = Np,X), ¢ = N(ug,%), f(z)eR

= Eiwp) [ f(z) (logp(z) —logq(z))]



B WEIGHTED KL #1

p = mlad’lal,s), ¢ = m(a’|a',s), f(a°)=exp(nQ"(s,a"))

m(a’|a',s)
E.oo (1.0 exp (n Q™ s,a’ log —————=%
a¥~mi(-|als) ( ( )) wi(ao lal, s)

~ (69(0,1, 1, 9) - 6/9(0’1a 1, 5>)Ea0~7r1(-\a0,s) [exp (77 Qﬂ—('s?ao)) (aO - 6,0((117 1, 5))]
1 ™
+5lleoa’s 1,5) = ey’ 1,5) 1" Eao wmy . a0,) [€xP (1Q7(5,0%)) ]

B WEIGHTED KL #2
2

(a1 al, s
Z exp (77 QW(S’GO)) Eat—1~7rt('|at,s) |:10gt(|):| ]

E 1:T 3
atT (-] s) LT+1 my(at=1|at,s)

2
~ Eal:TN,r(.|S)[ Z exp(nQ”(s,aO)) ee(at,t,s)eg(at,t,s)F]

t=T+1



Actor-critic learning

Replay buffer: D = {(s:,at, s¢+1)} from history

Weighted KL minimization: minimize E, . x(.|s) [exp (nQ"(s,a))log

™

(als) ]

' (als)

B POLICY EVALUATION

¢+ e arg;nin E(s,a,s’)ND [(r(s,a) + "YQ&(S/,G/) _ 7Q¢(3,a))2:|

Q9 — target network w/ parameter &

a’ ~ my(-|s") — next action
B POLICY IMPROVEMENT

6+ € arglenax Eq (-] 9) {exp (77 Q¢+(s,a)) log

we(a|s)]
mp(als)
0<—nl+(1—n)0",d+—ndp+ (1 —n)ot



Summary

B RECAP

B ONLINE POLICY OPTIMIZATION

Policy mirror descent, variational policy optimization

B ONLINE DIFFUSION POLICY OPTIMIZATION

Path weighted KL minimization, actor-critic learning



