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88-165 dwihqihhqe zexazqdl `ean

zepexzt - aewxn ze`xyxy - 12 zia ilibxz

lka mixe
k dyely mr ,mi
k ipya mi`vnp mipal mixe
k dyelye mixegy mixe
k dyely .1

.i = 0, 1, 2, 3 ,oey`xd 
ka mipal mixe
k i yi m` i avna z`vnp zkxrndy mixne` .
k

m` .oey`xl ipydn 
g` xe
ke ,ipyl oey`xd 
kdn 
g` xe
k i`xw`a mixiarn 
rv lka

aewxnd zxyxy ly xarnd zvixhn z` `vn ,n onfa zkxrnd ly avnd z` oiivn Xn

.dreawd zebltzdd z` mb `vn .Xn

:daeyzd .dwixehpianewa heyt libxz `ed xarnd zvixhn aeyig
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oexztd .(dxey xehwee w) wP = w d`eeynd z` mixzet zereaw zeiebltzd `evnl i
k

:(1 `ed miaikxd mekqy jk lnxepn) 
igid

w =
(

1

20
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9
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1

20

)

0 avna zkxrndy mixne` ,p dglvdl iekiq mr miielz izla ilepxa iieqip ly dx
qa .2

la` dglvd ozp oexg`d ieqipd m` 1 avna ,zeglvd epzp mipexg`d miieqipd ipy m`


g` ieqipd la` oelyk ozp oexg`d ieqipd m` 2 avna ,oelyk ozp oexg` iptl 
g` ieqipd

z` `vn .zepelyk epzp mipexg`d miieqipd ipy m` 3 avnae ,dglvd ozp oexg` iptl

od 1-n le
b n xear P n
zevixhnd lky gked .df aewxn zxyxy ly P xarnd zvixhn

.zernynd z` xaqde ,zeey

-y jk Πj mixtqne N > 1 miniiwe ,P xarn zvixhn yi aewxn zxyxyl m`

(PN)ij = Πj ,

n > N lkly gked

(P n)ij = Πj .

P =
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P 2 = P 3 = . . . =











p2 p(1− p) p(1− p) (1− p)2

p2 p(1− p) p(1− p) (1− p)2

p2 p(1− p) p(1− p) (1− p)2

p2 p(1− p) p(1− p) (1− p)2













miieqipd lk lr miieqip ly bef ly drtyd oi` miz"a ilepxa ieqip ly dx
qa - zernynd

yi xzei e` mialy ipy ixg` ,ea ligzn ip` avn dfi`a dpyn `l ,okl .eixg` mi`ad

.'eke 1 avna zeidl p(1− p) zexazqd ,0 avna zeidl p2 zexazqd

-y oezp m`

(PN)ij = Πj

if`

(PN+1)ij = (P · PN)ij

=
∑

k

Pik(P
N)kj

=
∑

k

PikΠj

= Πj

jyndae .(

∑

k Pik = 1 ) 1 deey xarnd zvixhn ly dxeya mixai`d lk ly mekqde zeid

.(P n)ij = Πj ,n ≥ N lkl ,divwe
p`a

,Pij i
i lr P(Xn+1 = j|Xn = i) xarnd zexazqd z` mipnqn aewxn zxyxya m` .3

`vn ,ai i
i lr P(X0 = i) zizlgzdd zexazqd z`e

P(X1 = X2) (`)

P(X1 = i|X2 = j) (a)

P(X3 = X0|X1 = X2) (b)

(`)

P(X1 = X2) =
∑

i

∑

j

P(X2 = X1 = i, X0 = j)

=
∑

i

∑

j

ajPjiPii

j -n xearl 'zqdd letk ,j avna ligzdl zexazqdd z` iznyx dpexg`d dxeya)

∑

i(aP )iPii dxeva daeyzd z` meyxl mb ozip ( .i -l i -n xearl 'zqdd letk ,i -l

z` ozep aP ,izlgzd 
rva miavn ly zebltzdd z` ozep a dxeyd xehwee m` -

.'eke df ixg` 
rva aP 2
,`ad 
rva zebltzdd

(a)

P(X1 = i|X2 = j) =
P(X1 = i, X2 = j)

P(X2 = j)

=
Pij(aP )i
(aP 2)j

dpend okle (aP 2)j =
∑

i(aP )iPij -y al miy .m
ewd sirqdn dxrda izynzyd

.dpknl deey e` ohw



(b)

P(X3 = X0|X1 = X2) =
P(X3 = X0, X1 = X2)

P(X1 = X2)

=

∑

i

∑

j P(X3 = X0 = i, X1 = X2 = j)
∑

i

∑

j P(X0 = i, X1 = X2 = j)

=

∑

i

∑

j aiPijPjjPji
∑

i

∑

j aiPijPjj

xarnd zvixhn mr aewxn zxyxyl .4
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.zexyewnd zewlgnd z` `vn (`)

.zereawd zeiebltzdd lk z` `vn (a)

ipyle ipyl oey`xd avndn ribdl ozip m` df mr df mixywzn miavn ipyy mixne` (`)

zeliwy qgi df .(envr mr xywzn avn lky jk ,mi
rv 0 ixg` llek) oye`xdn

,2-e 1 miavnd :zexyewn zewlgn 3 dt yi .zeliwy zewlgnl miavnd z` wlgnd

.4-e 3 miavnde ,6-e 5 miavnd

:zkynzn dwlgn lkl 
g` oexzt yi .wP = w d`eeynd z` xeztl epl yi zilnxet (a)

`id zebltzdd 1, 2 miavnd ly dwlgnl

w1 =
(

3

7

4

7
0 0 0 0

)

`id zebltzdd 5, 6 miavnd ly dwlgnl

w2 =
(

0 0 0 0 2

9

7

9

)

,dl` zepexzt ipy ly ix`pil sexiv `ed wP = w ly illkd oexztdy we
al ozip

xnelk

w = pw1 + (1− p)w2 , 0 ≤ p ≤ 1



zg` diaew mr miwgyn) dhnl "zenleqe miygp" wgynl xarnd zvixhn z` aezk .5

onfd ly zlgezd z` `vn .(eze` mixaer e` 30-l miribn xy`k wgynd z` miniiqne

.wgynd meiql 
r



letk

1

6
`id xarnd zvixhn

0 1 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 1 0 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 1 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0
0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 1 0
0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 1 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 2
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6

zelertd z` miyer (30) bteqd avnl miribny 
r mirvennd mipnfd z` `evnl i
k

:alhna ze`ad

Q=P(1:29,1:29);

N=inv(eye(29)-Q);

t=sum(N,2)

reaixa miligzn xy`k 30-l miribny 
r mirvennd mipnfd z` ozepy xehwee xviin df



:1, 2, . . . , 29
9.3976
9.2924
9.8441
9.6419
8.6862
8.7446
8.7884
8.6616
8.5665
8.4291
9.5481
9.0947
9.0509
7.9008
7.9959
7.6046
6.7724
6.3741
5.4786
5.7998
5.9383
5.2567
4.6486
3.9845
3.4153
2.9274
1.3611
1.1667
1.0000

iy`x mde zeid wgyndn 3, 5, 11, 17, 19, 20, 21, 27 miavnd z` wegnl ozip :1 dxrd

8 yiy xarnd zvixhna iehia i
il `a df .mdl ribdl ozip `le zenleq iapf e` miygp

lr rityn `l df zeni`znd zexeyd z`e dl` mi
enr miwgen m` .miqt` ly mi
enr

zeyrl yi alhna df z` we
al .aeyigd

ro=[1,2,4,6:10,12:16,18,22:26,28:30];

Pres=P(ro,ro);

Q=Pres(1:21,1:21);

N=inv(eye(21)-Q);

t=sum(N,2)

.miwgnpd miavnd 
g`a milgzn m` mipnf ,oaenk ,ila - zeaeyzd oze` milawn

lynl m`e 30-l ynn ribdl mikixvy wgynd ly `qxb miwgyn llk jx
a :2 dxrd

-l dxeg` mi
rv 3 -e 30 -l dni
w mi
rv ipy mikled if` ,5 miwxefe 28 reaixa mi
ner



-l 29 
r 25 zexey z` zepyl yi wgynd ly ef dqxb itl .1 l ygpa mi
xei f`e - 27

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1

eiykr md mipnfd ly zelgezd .izernyn ote`a jynzn wgynd

19.8333
19.7413
20.3578
20.1648
19.1194
19.2060
19.2709
19.1889
19.1274
19.0067
20.2147
19.7252
19.6603
18.6969
18.7584
18.2827
17.4335
16.7882
15.7292
15.7292
15.8468
15.4282
15.0694
12.9167
12.9167
12.9167
12.9167
12.9167
12.9167

!oexg`d reaixl ynn ribdl jixvy oavrn 
e`n dfy dr
d z` miwfgn dl` mixtqn

`ed df wgyna raewy dn .jk lk ihpeelx 

n `l `id o`k zlgezdy zeidl leki la`

mixezd xtqn ly zebltzdd riten xei`a .1 
r 27-n le
bd ygpa miybtp minrt dnk

owzd ziihq .zilnxep zebltzdn wegx dfy mi`ex .( 1 -a miligzn xy`k) 30 -l ribdl

.16.3 jxra `ed
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