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Optimizes the present value of all future
expected costs

Policy-lteration Algorithm
without Discounting

For each policy R=(k; ky, ... ky), define

B ... x}] tobe the steady state

aR=ixk =k ..
distribution using policy R

g®)=3 sfc

i tobe the expected cost per stage
iel

(in steady state)if policy R is used

vI{R) = total expected cost during the next n stages
if the system starts in state i & follows
policy R &

| kg -
VR)=C + 2 pi vIFIR)
il
vI(R) = n g(R) + vi(R)

— ng®R)+viR)=C{+ T p[(n1) gR) +vj R)]
jel

kj ks k;
=G+ 20 Py R) +(0-1) g(R) 20 pj
j=8 j=8

ki ki
gR) + vi(R) = Ci" + 3 pyj vi(R)
jel

Y ieS
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Policy-lteration Algorithm E

Step O Initialization
Start with any policy R.

Step 1 Yalue Cetermination
Solve the system of linear equations

8R) + viR) = CP' + T pliviR) v ieS
j=8
for g(R), vi(R), v2(R), ... vni(R),

lettingvn(R)=0
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Iy Iy -
VR = 2 pgvTR)
I=

For "large” n,
vI'(R) = n g(R) + vi(R)

where

vilR) = effect on total expected cost (to co) due
to the systern's starting in state i
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ki ki
gR) + vi(R) = Ci" + 3 pij vi(R)
jel

Y ieS

Given a policy R, this will be a system of n
linear eguations with n+1 unknowns, i.e.,

g(R}, vi(R), v2(R), ... vu(R)

To find a solution, therefore, we may assign an
arbitrary value (usually zero) to one of the
unknowns v;(R), say va(R)
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Policy-lteration Algorithm E

Step 2; Policy Improvement
Find an improved policy R’ such that
R'= (k't, K'z, ... k')
and

Cf'+ T B vi(R) < gR) + vi(R) Y i€S
j
with strict inequality for at least one state 1.
If no such improved policy exists, stop;

otherwise, return to step 1.
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C}<'1+ Z pgi viflR) = gR)+ vi(R) ¥ ieS
]
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| Taxicalb Problem §

Policewy Improvement Step: Evaluation of alternate actions

State #1, Town 4 |

Current Policy: action #1, Crulse
gCRY»+WicRy = 710.5333

k| name C! AC

1| Cruise 10.5333 0

2| Cabstand ~5.43333 2.1

3| Wait for call| "H.51667 5.01667
C'[k]l = ¢ost if action k 1s selected for one stage
ACLK] = improvemsnt (1f =03

T
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| Taxlcab Problen §

Policy Improvement Step: Evaluation of alternate actions

State #3, Town C |i

current Follcy: action #1, Cruise
g(RY+Vi¢Ry = 79.2

k| name c' AC

1| Crulse 9.2 Q

2| Cabkstand 0.76B67  TO.BRRRAT

3| Walt for call| "5.96667 3.23333
C'[kl = cost if action k 1s selected for one stage

ACLR] improvemnent (if <03
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| Taxicalb Problem §

Policewy Improvement Step: Evaluation of alternate actions

State #1, Town 4 [

1/28/98

expected cost iF, beginning

Taxlcakb Problem §
State Action
1 Town 4 1 Cruise
2 Town B 1 Cruise
3 Town © 1 Cruise
geRy = 79,2 | 1 Vi
1] 71.33333
2| "7.46667
3 Q
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| Taxicalb Problen §

Policy Inprovement Step: Evaluation of alternate actions

State #2, Town B |I

Current Policy: action #1, Crulse
gCRI+VICRY = 16,6667

k| name C' Al

1| Cruise “16.6667 4]

2| Cabstand T21.6167 ~T4.95
C'[k]l = ecost if action k 1s selected for one stage

ACLK] inprovemnent (if <0
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Taxlcakb Problem E

State Action

1 Town 4 1 Cruise

2 Town B 2 Cabstand

3 Town © 2 Cabstand

g(Ry = ~13.15815 i Vi
1 3.878709
2| "12.8485
3 Q
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| Taxicalb Problen §

Policy Inprovement Step: Evaluation of alternate actions
State #2, Town B [

Current Policy: action #1, Crulse
g(RY+Vi¢RY = ~9.27273

k| name C! AC

1| Cruise —0.,27273 4]

2| Cabstand "12.1439 T2.87121

3| Wait for call| —4.88636 4.38636
'kl cost 1f action k is selected for one stage

ACTR]

improvemnent if =02
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Current Policew: action #2, Cabstand
geRI+VICRY = "26
k| name ' AC
1| Cruise “14.0606 11.9394
2| Cabstand T2 o]
C'[k]l = ecost if action k 1s selected for one stage
ACLK] = 1nprovemnsnt (1f =0
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| Taxlcab Problen §

Policy Inprovemnsnt Step:

State #3, Town C §

Evaluaticon of alternate actlons

Current Policy: action #2, Cabstand
g(Ry+VicRy = ~13.15158

k| name c' AC

1| Cruise -0,24242 3.909009

2| Cabkstand ~13.15158 0

3| Walt for call| ~2.,39394 10.7576
C'[kl = cost if action k 1s selected for one stage
ACLK] = improvemsnt (1f =03

1/28/98

page 3

Taxlcakb Problem §

State Action

1 Town 4 2 Cabstand

2 Town B 2 Cabstand

3 Town © 2 Cabstand

giRy = 713.3445 i Vi

1 1.17647
2 “12.6555
3 0
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| Taxicalb Problem §

Policewy Improvement Step: Evaluation of alternate actions

State #1, Town 4 |
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| Taxicalb Problen §

Policy Inprovement Step: Evaluation of alternate actions

State #2, Town B §

Current Policy: action 22, Cabstand
g(Ry+¥Wi¢Ry = "12.1681

k| name C! AC

1| Cruise “10.5756 1.50244

2| Cabstand “12.1681 0

3| Wait for call| "5.53782 6.63025
C'[k]l = ¢ost if action k 1s selected for one stage
ACLK] = improvemsnt (1f =03

Current Follcy: action #2, Cabstand
GIR¥+Vi(RY = ~28
k| name C' Al
1| Cruise -15.4118 10.5882
2| Cabstand ~2h 0
C'[k]l = ecost if action k 1s selected for one stage

ACLK]

inprovemnent (if <0
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| Taxlcab Problen §

Policy Improvement Step: Evaluation of alternate actions

State #3, Town C B

Current Follcy: action #2, Cabstand
JCRI+ViCRY = ~13.34458

k| name c' AC

1| Cruise 0L BAPTE 3.47479

2| Cabkstand "13.34458 0

3| Wait for call| ~4.40861 8.93592
C'[kl = cost if action k 1s selected for one stage
ACLK] = improvemsnt (1f =03
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Policy-lteration Algorithm E

Step O Initialization
Start with any policy R.

Step 1 Yalue Cetermination
Solve the system of linear equations
viR)=Ci+ B M viR) v ieS
j=8

for v1(R), v2(R), ... va(R)
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Policy-lteration Algorithm
with Discounting

Define

B = discount factor = !

1+r

where r =rate of refurn per stage

vi(R) = Present Value of all future expected
costs, if policy Ris followed, starting
in state i

@
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Policy-lteration Algorithm E

Step 2; Policy Improvement
Find an improved policy R’ such that
R'= (k't, K'z, ... k')
and

cf'+ BE Pl viR) £ wi(R) ¥ ieS

i (v RN E I
with strict inequality for at least one state 1.
If no such improved policy exists, stop;
otherwise, return to step 1.
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