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Almost like search, …

2

Example:#Grid#World#

!  A#maze<like#problem#
!  The#agent#lives#in#a#grid#
!  Walls#block#the#agent’s#path#

!  Noisy#movement:#ac)ons#do#not#always#go#as#planned#
!  80%#of#the#)me,#the#ac)on#North#takes#the#agent#North##

(if#there#is#no#wall#there)#

!  10%#of#the#)me,#North#takes#the#agent#West;#10%#East#

!  If#there#is#a#wall#in#the#direc)on#the#agent#would#have#
been#taken,#the#agent#stays#put#

!  The#agent#receives#rewards#each#)me#step#
!  Small#“living”#reward#each#step#(can#be#nega)ve)#

!  Big#rewards#come#at#the#end#(good#or#bad)#

!  Goal:#maximize#sum#of#rewards#



Stochastic actions
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Grid#World#Ac)ons#
Determinis)c#Grid#World# Stochas)c#Grid#World#



car racing
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Example:#Racing#
!  A#robot#car#wants#to#travel#far,#quickly#
!  Three#states:#Cool,#Warm,#Overheated#
!  Two#ac)ons:#Slow,#Fast)
!  Going#faster#gets#double#reward#
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Racing search tree
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Racing#Search#Tree#



Grid world MDP 
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START

0.8

0.10.1

States s ∈ S, actions a ∈ A

Model T (s, a, s′) ≡ P (s′|s, a) = probability that a in s leads to s′

Reward function R(s) (or R(s, a), R(s, a, s′))
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−0.04 (small penalty) for nonterminal states
±1 for terminal states
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Utility of a sequence
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State sequence [s0, s1, s2, . . . ]

State reward R(s)

Utility (h - history)

Uh([s0, s1, . . . ]) = R(s0) +R(s1) +R(s2) + · · ·

Discounted utility (h - history)

Uh([s0, s1, . . . ]) = R(s0) + �R(s1) + �2R(s2) + · · ·



Discounted rewards
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Discounted utility (h - history)

Uh([s0, s1, . . . ]) = R(s0) + �R(s1) + �2R(s2) + · · ·



Agent stationary preference
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[s0, s1, s2, . . . ] � [s0, s01, s
0
2, . . . ]

[s1, s2, . . . ] � [s01, s
0
2, . . . ]



How to find a policy
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maximize Expected utility

U⇡(s) = E

" 1X

t=0

�tR(st)

#



Optimal policy
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maximize expected utility of the subsequent state

⇡⇤(s) = argmax

a2A(s)

X

s0

P (s0|s, a)U(s0)



Bellman equation for utilities
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U(s) = R(s) + � max

a2A(s)

P
s0 P (s0|s, a)U(s0)
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Value iteration algorithm
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Ui+1(s) = R(s) + � max

a2A(s)

X

s0

P (s0|s, a)Ui(s
0)
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