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V
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P
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S
earch

P
lanning

M
arkov decision

problem
s (M

D
P

s)

D
ecision−theoretic

       planning
P

artially observable
M

D
P

s (P
O

M
D

P
s)

explicit actions
and subgoals

uncertainty
and utility

uncertainty
and utilityuncertain

sensing
(belief states)

explicit actions
and subgoals
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1
2

3

1 2 3

− 1

+ 14

S
T

A
R

T

0.8

0.1
0.1

M
odelcedfgih

jk lmonprqs

=
probability

thatdoingq

inn

leads
tol

E
ach

state
has

a
rew

ardtk ns

=
-0.04

(sm
allpenalty)

for
nonterm

inalstates
= u

v

for
term

inalstates
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In
search

problem
s,aim

is
to

find
an

optim
alsequence

In
M

D
P

s,aim
is

to
find

an
optim

alpolicy
i.e.,bestaction

for
every

possible
state

(because
can’tpredictw

here
one

w
illend

up)

O
ptim

alpolicy
and

state
values

for
the

giventk ns :

1
2

3

1 2 3

− 1

+ 14
1

2
3

1 2 3

− 1

+ 14

0.611

0.812

0.655

0.762

0.912

0.705

0.660

0.868

 0.388
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In
sequentialdecision

problem
s,preferences

are
expressed

betw
een

sequences
ofstates

U
sually

use
an

additive
utility

function:

zk{o|}p |~p |�p����p |�� s��
tk |}s��
tk |~s �
tk |�s��
����
tk |�s

(cf.
path

costin
search

problem
s)

U
tility

ofa
state

(a.k.a.
its

value)
is

defined
to

be

zk |fs �

expected
sum

of
re

w
ards

until
term

ination

zk |fs �

assum
ing

optim
al

actions

G
iven

the
utilities

of
the

states,
choosing

the
best

action
is

just
M

E
U

:
choose

the
action

such
thatthe

expected
utility

ofthe
im

m
ediate

successors
is

highest.
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D
efinition

of
utility

of
states

leads
to

a
sim

ple
relationship

am
ong

utilities
of

neighboring
states:

expected
sum

of
re

w
ards

=
current

re
w

ard
+

expected
sum

of
re

w
ards

after
taking

best
action

B
ellm

an
equation

(1957):

zk ns �
tk ns��
�� �

d

g zk ls c dfg

zk vp vs �
�� �� �

+�� �� � ��zk vp��s �
� �vzk �p vs �
� �vzk vp vs p

up
+ �� �� � ��zk vp vs �

� �vzk vp �s
left

+ �� �� � ��zk vp vs �
� �vzk �p vs

dow
n

+�� �� � ��zk �p vs �
� �vzk vp �s �
� �vzk vp vs�

right

O
ne

equation
per

state
=�

nonlinear
equations

in�
unknow

ns
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Idea
:

S
tartw

ith
arbitrary

utility
values

U
pdate

to
m

ake
them

locally
consistent

w
ith

B
ellm

an
eqn.

E
veryw

here
locally

consistent�

globaloptim
ality

repeatuntil“no
change”

zk ns��
tk ns��
�� �

d

g zk ls c dfg

for
alln

-1

-0.5 0

0.5 1

0
5

10
15

20
25

30

Utility estimates

N
um

ber of iterations

(4,3)
(3,3)
(2,3)

(1,1)
(3,1)

(4,1)

(4,2)
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�
W

e
can

design
rationalagents

based
on

probability
theory

and
utility

theory

�

S
equential

decision
m

aking
in

stochastic
environm

ents
(M

D
P

s)
can

be
solved

by
com

puting
a

polic
y

�

V
alue

iteration
is

an
algorithm

for
com

puting
optim

alpolicies.
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