Viarkov Decision Processes

CS4804



Outline

 Markov decision process: richer environment representation
 Reward functions

e Optimizing policies via value iteration
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Actions and lransitions

* Pr(s’|s, a)

* Probability we transition to s’ if we choose action a in state s
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Actions and lransitions

* Pr(s’|s, a)

* Probability we transition to s’ if we choose action a in state s
Pr(b | b, right) = 0.2

Pr(a | b, right) = 0. Pr(c | b, right) = 0.7
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Actions and lransitions

* Pr(s’|s, a)

* Probability we transition to s’ if we choose action a in state s

Pr(b | b, left) = 0.05

Pr(a | b, left) = 0.9 Pr(c | b, left) = 0.05

a = |eft



Preview: Markov Models

Markov Decision Process: Pr(s’ | s, a)

Markov Process Pr(s’ | s)
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Reward function R(s




Policy m(s)
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Policy m(s)
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How Good Is a Policy”
U([s0,81,---.s7]) = ¥ R(sy)
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How Good Is a Policy”

U([s0,51,---557]) = Y 7'R(s)) 7€ (0,1

. = arg max U" (s)



xoo
U(lso, 51, os7]) = > 7' R(ss) vy € (0,1
t=0

UW<S) — EPT([SQ,Sl,...“SQ:S,ﬂ') |:Z ’VtR(St)
t=0

e T _ k /
. = argmax U" (s) = m, for any s

U(s) =U™ (s)
T (s) = arg maxz P(s'ls,a)U(s")
acEA(s) o



(s'|s,a)U(s")

Bellman equation



Value lteration

Uit1(s) < R(s) +~v max Y P(s'|s,a)U;(s")

acA(s) "

Bellman equation



Value lteration Example
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Value lteration Example

Ui+1(s) < R(s) +”rar€n§(§)ZP(8’\8,&)Ui(s’) v = 0.5
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R=23 10 R = -1

+0.5max{1.0*0.0, 05*00+05*0.0}=3

-1 +0.5max{1.0*0.0,1.0*0.0 } =-1



R=23 10 R = -1

3 +0.5max{1.0*(-1), 0.5*3+0.5*(-1)}=3+0.5 max{-1, 1} = 3.5

-1+0.5max{1.0*3,1.0*(-1) } = 0.5



1= 1.0 R=-

3 +05max{1.0*05 0.5*3.5+0.5*0.5}=3+0.5max{0.5,2}=4

-1+ 0.5 max{ 1.0 * 3.5, 1.0 * 0.5 } = 0.75












R=23 10 R = -1

3+05max{ 1.0*1.2, 05*44+05*1.2}
3+05max{ 1.2, 2.2+ 0.6}
3+05max{ 1.2, 28}
3+05728=44







summary

Markov decision processes

e actions have probabillistic state transitions
Discounted reward function

Optimal policy maximizes expected reward
Value iteration

Chapter 17 to end of 17.2



