Value Evaluation and Policy Iteration
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Bellman Equation
® Bellman Expectation Equation
V®(s) = R(s,n(s)) + yz P(s’|s, n(s))V”(s’)
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® Bellman Optimality Equation

V*(s) = m;ax{R(s, a) + yz P(s'|s, a)V*(s’)}
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Solving the Bellman Optimality Equation (Many Iterative Solution Methods)
® Dynamic programming : MDP 2 20| HS5| FOMES 220 ALES

W Policy Iteration : Bellman Expectation Equation 2 &3l Policy
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=
=

= MDP REO| F=to| FO{F2Lt ZEO| HF
B SARSA

B Q-lLearning



Policy Iteration
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® Policy Evaluation

Ve (8) = Z m(als) (R? +y Z Psaslvk(sf)>

a€A s'es
— pktl = R7™ + ypn'vk

® Policy Improvement

n'(s) = greedy(v,)
= argmaxqy(s, a)

B v(s)=v,(s) : MEA policy improvement 7} 542 A< 3ilY policy O 2 7tHX]

4r(s,7'(s))
= Eq/[Resq + Y0 (Ser1)IS, = 5]
S Ey [Rt+1 + V%(St+1»”'(5t+1))|5t = 5]
S Ey [Rt+1 +VRi42 + VZQn(5t+2:7T'(5t+2))|5t = 5]
SEy[Repy + YRz + 1S, = 5]
= 177.[!(5)

® Generalized Policy Iteration
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Value Iteration

Vs (8) = max (R? +vy Z P (s")
s'es
- Vi1 = maxR* + yP,
a€cA

® Problem : Find optimal policy ©

® Solution : Iterative application of Bellman optimality backup

Vp41(s) s

vi(8") = 8’

® Synchronous backups

® No explicit policy
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Synchronous DP Algorithms
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Asynchronous DP Algorithms

® In-place dynamic programming : O|F3t O|= ZiX|gt+=5 FE Q10| YOOEY

v(s) max R+~ rZES’}E";"SIv(s“’)
s

® Prioritized sweeping : Bellman error & ¢H|0|E%

a , a / -
max Rs +1 ZE;SPSS,V(S ) v(s)
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® Real-time DP : 2% AgentOf|A| &tEE state Off CHSHAZH OO Eg

v(S) < max (RE, +7 ) P2.v(s)
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Convergence of VI, Pl

® The Bellman expectation backup operator
T™(v) = R™ +yP™v

B This operator is a y-contraction, i.e.
IT" (W) = T*(W)llee = I(R™ + yP™u) = (R™ + yP™) |l
= llyP™(u —v)llo
< lyP¥llu = vllelleo
<vlu-vlle

B Contraction Mapping Theorem
Theorem (Contraction Mapping Theorem)

For any metric space V that is complete (i.e. closed) under an
operator T(v), where T is a y-contraction,

m T converges to a unique fixed point

m At a linear convergence rate of

€ Convergence of PI
T™ has a unique fixed point
- v, is a fixed point of T™
— lterative policy evaluation converges on v, (~ Contraction Mapping Theorem)

— Policy iteration converges on v,

® The Bellman optimality backup operator
T*(v) = maxR* 4+ yP%v
a€cA

B This operator is a y-contraction, i.e.
IT* W) = T* Wl < vllu—vlle
€ Convergence of VI
T* has a unique fixed point
- v, is a fixed point of T*

— Value iteration converges on v, (~ Contraction Mapping Theorem)



