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c kf,P(D,  = k)+xf,P(D,  2 x)
k = O

(5.1)

OR 233 293



-hx&kl416@  xj + . . . +x,.,+x,  =  x

bAt dj(x) = dlllos x, %ki1F11Gl?-&Y%3~1~~  f,(x)

d0  j = I LbRt  x  =  b

f,(b)  = f+q@ [UP,  Ix,) + f,(b  -XI)]
X , = O,l,..., b

xy = dj(b-  ‘c’ x;)
k=l

Ldo x: = d,(b)

OR 233294



0 0 0.1 0.1

1 0.2 0.2 0.3

2 0.2 0.3 0.4

3 0.4 0.3 0

4 0.2 0.1 0.2

= 1.2[  ‘c’ kP(D,  =  k ) +  xP(D,  > x ) ]  Y&IJlY’
k = O

.TO 1 2 3 4 5 6

1.08 1.80 2.04 2.28 2.28 2.28

OR 233 295

d,(x) I O 12 3 4 4 4



x2

T
x

Ylhmbi  2 %Tm1h9aaeaaoYi~u~1  x2 &mll1fJ~1u~12

x%G  f * ( x )  = til~9yl

x* =  O,l,...,  x  < 4
[E(P,/x,)+f,(x-x2)]  ’

x  = 0,1,...,6

E(P,lx,)  =  1 . 1  [ c kP(D2  =  k )  +x,P(D*  > x,.] S'?-WIY-
k = O

i
W’h) + f,(x  - ~2)

0 1 2 3 4

0

1.08 0.99

1.80 2.07 1.76

2.04 2.19 2.84 2.20

2.28 3.03 3.56 3.28 2.31

2.28 3.27 3.80 4.00 3.39

2.28 3.27 4.04 4.24 4.11

fib)

0

1.08

2.07

2.84

3.56

4.00

4.24

\II.:,
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-

x
-

0

1

2

3

4

5

6
-

1.2[0(.1+.3+.4+0+.2)]

1.2[0(.1)+1(.3+.4+0+.2)]

1.2/0(.1)+1(.3)+2(.4+0+.2)]

1.2[0(.1)+1(.3)+2(.4)+3(0+.2)]

1.2[0(.1)+1(.3)+2(.4)+3(0)+4(.2)]

1.2[0(.1)+1(.3)+2(.4)+3(0)+4(.2)+5(0)]

1.2[0(.1)+1(.3)+2(.4)+3(0)+4(.2)+5(0)+6(0)]

OR 233 297



, ,
~ini61~9a’991oJiii1’~a~~~~~~  w+huanrb%in

I

E(P,IO)+f,(3) = l.l[O(l)]  +2.04

cl1pg6l
E(P,[l)+t(2) =  1.1[1(.9)]  +  1 .80

E(P,12)+f,(l)  = 1.1[1(.2)+2(.7)]  +1.08

E(P,13)+fj(0)  =  1.1[1(.2)+2(.3)+3(.4)] + 01
x = 6 p9uiu~aw-h p’j,~~;,,,$,P,U~~~~~~~~~~~~~~~~  2 amt  3 sauik  6 ROW

$l”lr”ul$~~~~l,~l,~~l~~l  2  x2  R O W  &to  6 - x ,  iWl~~$S~~~~lU~l  3  h.lLMi$

ji,a,qEla9$;~9q~~lo~~i~~i  2 ~tiifh 4 am  &dL  hm x2 51cthb.iriiu 4 am

eiln7nR~~uas~irssa~~~~~~  whuat-ut%in

E(P,jO)+f,(6)  = l.l[[O(l)]  +2.28

E(P>/l)+f#)*  = 1.1[1(.9)]  +2.28

eilfJ.lqF~  E(P,/2)+f,(4)  = 1.1[1(.2)+2(.7)]  +2.28

E(P,/3)+f,(3)  = 1.1[.2+2(.3)+3(.4)]  +2.04

-E(P,/4)+f,(2)  = 1.1[.2+.6+3(.3)+4(.1)]+1.80_

~I~inesaps~losTPi’b~Sa~~~~~~  whPaaswMmn

E(P,/O)+f,(6)  = 1 .0  [O( l ) ]  +4.24

E(P,Il)+f,(5)  = [0+1(1)]+4.00

dl~9q" E(P,/2)+f,(4)  = [1(.2)+2(.8)]  +3.56

E(P,/3)+f,(3)  = [.2+2(.2)+3(.6)]  +2.84

E(P,l4)+f,(2)  = [.2+.4+3(.4)+4(.2)]  +2.07,

x: = d,,(6) = 2, x: =  d,(6-2)  =  2 , xf =  d,(6-2-2) =  2
j,w&.  P w

Hpan~n~iasn”39sLIHi~~k;lsaoeils~  baera~1’79~1~19vos
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na1ud1asJu 0.25 0.40 0.20 0.15

3uo ‘OR 233



1, I 0 1 2 3

v303) 0 12.5 25.0 31.5

-
I2-
0

1

2

3

x2 dlnlRMa"suasn"l"d-d~Y~~~l~3  (hJlw) vz(1,)

0 0.0 15.0

1 0.25(0&2.5+  12.5)+0.75(50)-25  = 15.0

2 0.25(0-5.0+25)~0.4(50~2.5+12.5)+0.35(100)-50 = 14.0

3 0.25(37.5%7.5)+0.4(50-5+25)+0.2(100~2.5+12.5)

,+0.15(150)~75  = 5.0

0 0.25(12.5-2.5)+0.75(50)  - = 40.0 40.0

1 0.25(25  -5)+0.4(50&2.5 + 12.5)+0.35(100)~25  = 39.0

2 0.25(37.5-7.5)+0.4(50-5+25)t0.2(100&2.5+12.5)

+0.15(150)~50  = 30.0

0 0.25(25  - 5)+0.4(50-2.5+ 12.5)+0.35(100) = 64.0 64.0

1 0.25(37.5-7.5)+0.4(50-5+25)+0.2(100~2.5+12.5)

+0.15(150)-25  = 55.0

0 0.25(37.5-7.5)+0.4(50-5+25)+0.2(100~2.5+12.5)+0.15(150) 80.0

d(l,)

OR 233 301
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0
(0.25) -

I,2 wio 3
(0.75) -

0

OR 233 303



TICK f”(X) = P”(X,) LbRr  d,(x) = x,

naiu~~‘nrw’Prs’~osPg9~~sia~8os~o

fj(X)  =  fil&~FlM~Eldl~~~@l  [Pj(xj)fj-,(x-x,)] j  =  1,2,...,n
x j  =  0,1,.,.,x

(5.8)

1 0.30 0.60 0.30

2 0.20 0.39 0.10

3 0.15 0.10 0.05



P,WfdX  -x,)
f-z(x) d&3

0 (0.80)(0.55) 0.44 0

I (0.80)(0.30) (0.60)(0.55) 0.24 0

2 (0.80)(0.10) (0.60)(0.30) (0.30)(0.55) 0.08 0

3 (0.80)(0.05) (0.60)(0.10) (0.30)(0.30) (0.10)(0.55) 0.04 0

3 (0.60)(0.04) (0.30)(0.08) (0.20)(0.24) (0.15)(0.44) 0.024 0 vi?0 1

OR 233 305
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OR 233

II

vilpp  z  = TI R,(x,)
j=l

3 0 7





j=l j=2 j = 3
c,(k) R,(k) c,(k) R,(k) c,(k) R,(k)

2 0.7 I 0.6 3 0.9

4 0.91 2 0.84 6 0.99

6 0.973 3 0.936 9 0.999

OR 233 309





ThlOU 3 6 < x < 1 2

f,(x)  = dl~J%m  [R,(x,).f,(x-  3x,))
x3 = 1,2,3
6<x<12

6 (.9)(.42) = ,378

7 (.9)(.42) = ,378

8 t.9)(.6552) = .5897

9 (.9)(.7644) = .6879

10 (.9)(.85176) = .7666

1 1 (.9)(.85176) = .7666

1 2  (.9)(.91073)  = .8196*

2 3 f,(x) 4(x)

,378 1

c ,378 I

.5897 I

(.99)(.42) = .4158 .6879 1

(.99)(.42) = ,415s .7666 1

(.99)(.6552) = .6486 .7666 I

(.99)(.7644) = .7567 (.999)(.42) = .4196 .8196* 1

_ R,  = .7

A R, = .9” c1 = 3

OR 233 3 1 1



5.2 ~flb&ll&B~  (Markov chains)

312 OR 233



KPI I 2 --------n’

\mn

1

,: i

P,, P,*-------p,,,

P = 2 - - - - - - -

i
%I Pzz, PZ,,

P,,I-------PI,> 1

‘.
-. .  .

-.
- P,,,

OR 233 313
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P"0 =

PO, =

=

P2l =

ah&i

OR 233



= 0.50P,,+0.24P,,+0.26P2,

= (O.SO)(O.OZ)  + (0.24)(0.80)  + (0.26)(0.15)  = 0.2410

iau~~~suospdn~n~l~lul~~  q Yos*mM=lu”u~~ 1

zz ~alPJeil~~a~u~~~~Pn~n~l~~~nal~l~~  “I  %ea~M~l

= 0.50P02  + 0.24P,, + 0.26Pz2

= (0.50)(0.23)  + (0.24)(0.09)  + (0.26)(0.60)  = 0.2926

sPliuPra~~ueraw”l~~~l~l~~  2 &isdoS¶Jd

lY& o- 0.5000 0.2400 0.2600

1 0.4664 0.2410 0.2926

b:;j  = P(X,+,,  = S/Xi  = r) = P(X,, = SIX, = r) (5.13)

--

3.16 OR 233
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0 1 2

0 .5625+.0022+.0575 .0150+.0160+.0345 .1725+.OOl8+.1380

p(2)  = 1 .0825+.0880+.0225 .OO22+.6400+.0135 .0253+.0720+.0540

2 .1875+.0165+.15OO .0050+.1200+.0900 .0575+.0135+.3600

0 1 2

0 .6222 .0655 .3123

= 1 i .I930 .6557 .15132 .3540 .2150 .4310 I

sl
&-SIG 2(&diY  3) pc~$aULL~4~n~n33i~Pb~)blbL~~~

$aPs~lEj93n~n~i^a~i~~n~~~~~~~~~

(1)

318 O R 2 3 3



=  P,,[  i P&q +  PLI[ i P::‘P;;‘]  +  P,,[  ; P::Pj;q
j=O j = O j = O

as = l im P$‘.  s  =  0,1,2  ,__., N (5.15)

n-m

as = a,p,s,  s = 0,I  ,..., N (5.16)
r =  0

(5.17)

OR 233 3 1 9
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PO2 =  l+pooPcn+p,,P,*  =  l+.75Po,+.O~,,

+.25p,*-.o2jl,~  =  1

PI2 =  l+plo~“z+p,,P12  = 1+.11p~~+.80~,~

-.llp(,,+.2Op,,  = 1

1 0 ( l ) + ( 2 )  2.39~~~  =  1 1  = poz  =  & = 4 .6

=  7 .5

. ...(l)

. ...(2)

wvrhh~16114  3 pd”n~n~lai~ino81~a~~~~~~~i~~~~~i~i~~~~~*~~~~~n  bw

h~d-x~~~slb  7 3 pa”n~n~ialvian~8-~~~~~~~~~i~~~~~~~~~~~n
0 a
nimu(3)  noniswini~,,,~,, bla:fluzz  &aTlu$aunhm.s  +, a, ka: a,  ~J~GI

a51~9dosMl~l a,, s = 0,1,2  fiou  mngm  (5.17) ba: (5.16) a:%

a,+a,+a,  =  1 ( 3 )

.25a,-.lla,-.25a2 =  0 ( 4 )

-.02a,+ .20a, - .15az  =  0 ( 5 )

.25(3) - (4) .36a, + .50a,  = .25 __...... (6)

.02(3) + (5) .22a,  -.13a,  = .02 . (7)

1 l(6) - 18(7) 7.84a,  =  2 . 3 9

1 7.84
==Pzz=~=yjg  = 3.28

PII = $
_ .2.2

.0596
=  3 .69

1 1
PO0 = c&  = ~ =  2 . 3 5 8

.4241

OR 233 321
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f,(r)  = Fi1py+f+  : P:\f,+,(s)]
k s = o

(5.23)

j  =  n-1,...,2,1

323 OR 233



0 .2 .4 .3 .l

Y
pWlflY~~3~~¶J~d 1 Oh .2 .5 .3 = P’

2 0 .5 .5

’ 3

1
0

0 0 0 1

1

00
1I .3.3 .5.5 .15.15 .05.051

plplg@lWltlllO~%XJ¶J5~
g@lWltlllO~%XJ¶J5~

1
1

.l

.I
.3
.3

.4

.4
.2

== P2P2
22 .05.05 .l.l .6.6 .25.25

33 L 00 .05 .4.05 .4

.2 1

.55.55J

0 10 9

1 0 7
R’ =

0 8 7 5 1

1 7 - 6 4 0
, RZ =

2 8 5 3 0

3Lo 0 3 7 3 1 - 1 1
3 2 4 OR 233



kv,  = Pk Ckrs  rs
s = 0

r f,(r)  k*
k=l k = 2

0.2x10+.4x9+.3x6+.1x3 = 7.7 .3x8+.5x7+.15x5+.05x1 =  6 . 7 7.7 1

10x0+.2x7+.5x5+.3x2 = 4.5 .1x7+.3x6+.4x4+.2x0 =  4 . 1 4.5 1

20x0+0x0+.5x4+.5x1 = 2.5 .05x8+.1x5+.6x3+.25x0  = 2 . 7 2.7 2

30x0+0x0+0x0+1x(-1) = -1 ox7+.o5x3+.4x1+.55x(~l)=  0 0 2

3

“r k + c &f,(s)
s = 0

r f,(r)  k*
k = l k = 2

0 7.7+ 1.54+  1.8+  .81 +0 = 11.85 6.7+2.31+2.25+.405+0 = 11.665 11.85 I

14.5+0+.9+1.35+0 = 6.75 4.1+.77+1.35+1.08+0 = 7.3 7.3 2

2 2.5+0+0+  1.35+0 = 3.85 2.7+.385+.45+1.62+0 = 5.155 5.155 2

3 -1+o+o+o+o z -I 0+0+.225+1.08+0 1.305 2

OR 233 3 2 5



T
r

k=l

0 7.7+2.37+2.92+  1.5465+.1305

= 14.667

14.5+0+1.46+2.5775+.3915

= 8 .929

2 2.5 t 0 + 0 + 2.5715 + .6525

= 5.73

3 - 1 +o+o+o+  1.305

= ,305

k=2

5.7 + 3.555 + 3.65 + .77325 + .06525

= 14.7435

1.1+1.185+2.19+2.062+.261

= 9.798

Z.7 + .5925 + .I3  + 3.093 + .32625

=  7 .4417

)+0+.365+2.062+.71775

= 3 .1447

f,(r)  k*

4 . 1 4 3 5  2

9.798 2

7 . 4 4 1 7  2

3 . 1 4 4 7  2

3 2 6 OR 233



,
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PO0 1.0

328 OR 233



= &[50+(10)(1.176)-(5)(0.024)]  +2000 = 63.16m+2000
u

OR233 329



2 0.3 0.1 I 0.6

3 0.1 0.4 ! 0.2

1 240 240 240

2 372 390 444

3 450 522 540





j=l : 1

2

3

j=2 : 1

2

3

j=3  : 1

2

3

1
I

dlnln~uloas~~~l~~l~~Q~~l~~l  j

240(0.6+0.3+0.1) = 240

(240+60)(0.6)+2(240)(0.3+0.1) =372

(240+2(60)}(0.6)+{2(240)+60}(0.3)+3(240)(0.1)  = 450

240(0.5+0.1+0.4) = 240

(240+60)(0.5)+2(240)(0.1+0.4) = 390

{240+2(60)}(0.5)+{2(240)+60}(0.1)+3(240)(0.4)=  522

240(0.2+0.6+0.2) = 240

(240+60)(0.2)+2(240)(0.6+0.2) = 444

{240+2(60)~(0.2)+(2(240)+60)(0.6)+3(240)(0.2)=  540

332



ai%uaarn LB  0 s 0.21
! !fj 04 0‘6

a, = 0.8a,  + 0.4a,

a2 = 0.2a,  + 0.6a2

1lW:: a,+a, = 1

4indmwni3u~n  asiqzln"

0.2a,  -0.4a,  = 0

OR 233 333
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1

2

3
I

I

‘iwq

1 2 3

OR 233


