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The Steady State Probabilities of A Repairable System following

A Markov Process Subject to Renewal Random Interventions

Student : Chen-Yun Hung Advisor: Dr. Nan-Fu Peng

Institute of Statistics

National Chiao Tung University

Abstract

This thesis is focused on deriving the steady state probabilities of a
non-Markov process obtained from a Markov process subject to renewal
random interventions. In addition, we propose the steady state
probabilities from a different but related Markov process which can be
computed easily and with high precision to the steady state probabilities
from a non-Markov process. In this thesis, a non-Markov process is

applied in a repairable system, and several examples are presented.

Keywords : Markov process, steady state probability, intervention,

renewal process.
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AR P EEITR AL E FIZ RE A Zaund a FREF
A o - LS R TTRFES O APFHITER
he B S s @ f;@i%:ﬁmﬁ%fﬁ%l P F R aFE AP R D
s PRER ) c LR FPEF g P RE R g o
6 SEF P e e @ BB A 0 P A SRR R 1 A BTG
GFEAPERTOEFE BEFRS o970 AR PREEFF L B
B ITRX AR AN NEL S BB Aot A R BT

2B fRHEF G L E AR OHEAA BT Rk L 5 (steady  state
probability) » ¥ £ #-HA) A P & P A 4T PR 4o T gL o
(1) A PR Rk GRS E= Fl5 - Fl o ERBF az- @

AR A AR DT SRR T R - dp s e

(exponentially distributed) > #7224 P ARLE B R 4o 03] £ - B3 4k

&' (infinitesimal matrix) Q =:¢ 4 pF & § ¥ £ iF 42 (continuous

time Markov process){Y (t),t >0} » @ Y (t) £t erp iz » R4

AR A o 2t B T % 1B A2(Markov process) {Y (t),t > 0} e &

Z 4L (transition probability matrix) &

P(t) =e
(2) M BRKF - @ p P EiEiase » 0 ¥ gt FHE g 2 195

{ AriE Az (renewal process)- 4 & B F+ 2 FORIEEFRF 3 B

¥ 4 % (hazard rate) A(t) - 7] ;



(3)

(4)

/w)_f(t)_ ft) —dIn(l-F(t))
CF(t) 1-F(t) dt

A(t)dt =—d In(1- F(t))

t
[ A4(x)dx ==In(L- F(t))
0
ATl B RE PE R 20 4% 5 % R O dic(probability density function) &_
t
f(t) = A(t)exp(—[ A(x)dx)
0

Mg F AR T S EgR B R B F G M R e (time
dependent impact matrix) D(t) : Dy (t) Pl % § 7 — B+ 35 2>
PR AR BARAGR TR j e .
Bt Ao~ F RS A R B RCER g EL L - B PR TR (cycle)
THELABRE TR BEBD BT R EF - BFFE S
PRt > T - BARTR(cycle) € = 4R Bl g A TR 0 - fj‘u
Aoy 2 FE g S dp T X £ ATH Ao otk DT
5 18 7 etk B ARE (TR R A - B £ 2 ¥ 42 (regenerative
process) o F]t > D(t) et fe A(t) et - e @ PRI -
SRSB4
RASRA L Ao > T2 180 FZ FHROF L FAO PR
B F I R pE R BB D(t) S fePE R G B BB B AR
&7 23 i34 e fiti(memoryless property) » 2 & 5 F £ [T
(Markovian property) » #7 FiBiEAZE - B2LE ¥ X 4R
(Non-Markov process) {X (t),t >0} » @ X(t) 2 APt chpFiz » &
BEARAGRE o A F RIS PR FFEOTIEET L ¢
—11:-

e 42 T 23 'L (infinitesimal matrix)Q 15 ¥ % iF 42



(Markov process) °

1-2 77 B ¢h

R T AR 1-1 P a2h § ¥ X iF 42 (Non-Markov process)z.

Bl B 200 A R A R R T B2 AR BT P e

L

&3

(1) fI* By £7 1 et A2k AFeanf ki
(steady state probability) > "= % & F 7 & 7 7o A A" A L En
% HgE 4 o

(2) HEY —BHEM]RE 5 B ¥ % 42 (Markov process)fE
2 ik 1% 3 (steady state probability) >, kiT iyt 225 7 % A2
(Non-Markov process)smi-a] 2 & &% ik 1% 5 (steady state
probability) » 12 & 7§ 3-8 B

1-3 #g %

AR T EY AR 5 ¥ % 44(discrete time Markov chain) ~ i
S PR B ¥ & 4é(continuous time Markov chain)fe { #7:i 4% (renewal
process)=i4p i 3234 o 12 2 g 4 F(hazard rate)sh s 0 fRAJE i AR
PTG e T b - BAEEFA - BT K ILFE Ly o A
P RELafi s SRy AR AFBEFEL S ,T&{;Lﬁ;{ R AR

A >

(J A)ij :_[Aij
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Vo RREE R FHREREORT B OREAR A AR §
AP - B E A E 5 7 £ i A7 (Markov process)iE
ik ¥ & (steady state probability) s & 7' > 2 81T~ ¢ “riE T2 2L 5

7 % 1§ 4% (Non-Markov process) e 4] 42 <% i #% & (steady state
probability) s £ B’ » & ¥ #-5 & 1% Heip 6] F % Gp 1 o b F
A w5 = 7 (binary) ~ = 7~ (ternary) 2 = = (quaternary) i) > 1395 7
Fenfcd] s WEAR LA NESG 3 FAHER > b4 0 = 2 (binary)
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S B LT fRadp M IR A A Tk o
2-1 "T¥iE A2

% $ 1 4% (stochastic process) X = {X (t),t e T} #_4E # % #c(random
variable) s ft & o AP - LSRRG R 0 oA X(1) LEAR PR
Gl o BET L~ BT B £ 0 PIEX TAECE TS A
(discrete time stochastic process)sse 1. H i e > BIFE X Hig 5 pF ¥

% 1% 1 #7 (continuous time stochastic process)(Ross [3]) -
2_2 %f’{)ﬂé}ﬁg‘ﬂ"% & %ﬁ

“E 1% 16 42 (stochastic process) {X,,n=012,...} & 5] ¢ > ¥ i chig £_
VT FAET R > A RT i fp 5 F
@LZ} FX =i S A ERAPEE N R A dek T — R
3 - B % 45 5 (transition probability) B, » £ ig,iy, -+, i, 4,1, ]

A g EEn>0 B
PIXoa = 01X, =0, X, =i, Xy =0, Xg =i f =Py (2.2.1)
st 5T 5 iF 42 (Stochastic process) #v i i&;}ﬁ; T LR E T 24
(discrete time Markov chain) - ;%3 (2.2.1)¥ 2§ 5 ¢ - BHEIFR

5 ¥ % 4a(discrete time Markov chain) » i & & Kk i X, 04 e X &



Foteeye X 5 B A 2B Ak B X, Xy, X A B gt 'T}Ug‘

A ¥ 4 & (Markovian property) - @ % @& ¥ % I (transition
probability) P; er* 4]

F)IJZO’ I,JZO, ZF)U :1, i:O,l,"’

oA L g ¥ 8 % 4L (transition probability matrix) P &

| I:)00 I:)01
Po  Pu

(Ross [3]) »
2-2-1 > GNERATPE RS ¥ 2 48

AprE R LAy AR A o g § B
F Ok (X (70), X (7))} 0 X(5;) =B A2 L PE I Bh 1, ch
AR RIE T PR G 8T 4 L F (Markovian property) -+ g ESE 1§
EALEG R - BB S AT - B B e
P % IR 4p B~ e (exponentially distribution) - & § i £ e
(memoryless property) » #7124 R Kk fg s fe R B IR R i B o @
S R o AR PR B (X (o), X (7).
A - B NAACE RS T 4 48(embedded discrete time Markov
chain) (Ross [3]) °

2-2-2 &K %



[ €]
Ap- B F AP, 20025 ¥ % s (Markov chain) ¢ i

(stationary) & fiz > &

(Ross [3]) -
(de3)
£ P =P{Xy = j},j 204~ i % fii (stationary) » fie > Rl

0

P{xlzj}:ZP{XFJIXf'} ‘{ } i =

i=0 i-0
B SE7S Tk SER
PIX, = 1= 2P XX ~P (X, =i} = 3 PP, -
i=0

Tt — B e ends 5 4 fe A i (stationary) ~ e o Bl n> 005k 8 X 7
10 e ek fie(Ross [3]) e

v

Mg # - Bk A ey 5 T (stationary) 4 fie o 2SI AEAT
PR 5 ¥ % ga(discrete time Markov chain) gy i £t £ TR &
(steady state) » =714 2 5 ik % 5 (Steady state probability)+ & ’f]&g
s &

a' =aP

P g #& ¥ % % 2L (transition probability matrix) (Ross [3]) -

2_3 @éifﬁﬁ?,%?j{éé



v o3 4§ ¢ OB s % % 42 (continuous time  stochastic
process){X (H),t> O}E 3 & ¥ % [2F (Markovian property) : A kg £
AR eI bk B Mo A BB S e Bl SR
P %€ ¥ 1B £z (continuous time stochastic process){X (t),t > 0} ¥_i# 4 & ¥
5 ¥ % 4&(continuous time Markov chain) » @ X (t) = i 4% A pF fF t ek
B oo FEDFEF o R AT hs,t20 0 224 ki, j,x(u),0<u<s >

P{X(t+s)=j|X(s)=i,X(u)=x(u),0<u<s}=P{X(t+s)=j|X(s)=i}
(Ross [3]) »

Bk AEEET AKREI D & AR - B B REDRY

PR BlE 973 enst>0
P(z; >s+t]z >8)=P(r; > 1)

Flt o s e £ i L g iE(memoryless property) ® & F E dp ik
4 fie (exponentially distribution) e = o05g i p# fF 5 7 2 4&(continuous
time Markov chain) {X (t),t>0} % v & » e i » £- B LT T2
%% 1% i #7 (Stochastic process) (Ross [3]) :
(1) z; &+ F(rate) = v, indp dic 4 Az (exponentially distribution)

(2) % BALMERET > P T - BRE jOBF AP Y P=1-

j#i

c A ENI
Qi = ViR

AP gy A0 P j e 5 (transitionrate) o & Y gy =v; ) Py=v; o ¥

j#i j#i



G RFEPE S RO P ER R B R R ALRE > 5
EREREIRE oS s aEiE s #5120
P () =P(X(t+s)=j|X(s)=i)

(Ross [3]) »
2-3-1 KOLMOGOROV #gA = #25%

[5/:2]

() timi R0 _

t—0 t :

(2) lim RO

t-0 t

:qij7i¢j

(3) Py(t+5)= Py (P {s)> W8 t20
k=0

(Ross [3]) »

[ #52] Kolmogorov if =+ = 4% 5% (backward equations)

$herd chij o 2 t20

Pi(t)= Zqik P (1) —viP; (t)

k=i

(Ross [3]) »

(44)

#-Py(t+h)=> P (NP () & i e ¥ 3 Py(t) » 58+ %=
k

Pij (t+h)— Pij t)= z P (h) ij (t) - Pij )= z P (h) ij (t) - [1_ Fi (h)]Pu ()
k

k=i

¥R RN BRI BT
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_im) 5 P ()

h—0 h h—0

2,

k=i

. Bi(t+h)-RF(t) { Py (1) - (h) i (t)}

F]pL oo
Pi(t)= Z Qi P (1) —v; B (1)

ki

(Ross [3]) »

[ #52] Kolmogorov "+ = #% ;¢ (forward equations)

$e54 i j o 2120

Pi()= Z%‘ P () —v;B; (1)

k]

(Ross [3]) »
2-3-2-mE PF B LY

AP =R, 1) ~ POSEIQ=() >

qn=—vi=—2qik <0-8%1'=(1%...)~0'=(0,0,....0) Q & Qi 0

ki

ST P BeELQ e ;% (Ross [3]) -

A 2-3-1 & » ¥ 2 Kolmogorov i w = 4% 3¢ (backward
equations) % -+ =
P'(t) =QP(t)
#- Kolmogorov & w = 4% ;% (forward equations) % -+ =
P'(t)=P(t)Q
Flptoo B3 B % 5 L (transition probability matrix) P(t) 3
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P(t)=e% = i@

io
(Ross [3])c e 8 > 4ok * FNenB RN K- HP(t) > §F 3 B22A
i3 ek F)(Ross [3])
(1) %15 #cse(infinitesimal matrix)Q ¥ & 3 & % f & > &35 Q
b g p e RT IR NAE -
(2) A5 FREBITE TSI LARTE B o

S0l APt E P()E

n
. X

eX = I|m(1+—j
Nn—oo n

n
@ﬁm@+g)
Nn—o0 n

€n:2k’Ma)=I+at’ 148 2L (M) = (M @) 25 3 &k

iy 4

T ip Rk TE KEF P(t) (Ross [31) ’

2-3-3 FEAH L 5

Ft>0 - QHs F PR 5+ £ 4a(continuous time Markov chain) £
Heze s (infinitesimal matrix) » P2 F PP 5 ¥ £ 4a(continuous time
Markov chain) :4& 2 fi # 5 (steady state probability)+ € 7' 7 & & -

7' =7P(t) = 76"
BF RS o Dt R AT
0'=7Q
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a4 Z;;i =1% 2 @ 5|t — §2 7' (Ross [3]) °

Flpt o B dovy =D gy~ O 0y =001 E Yy =linfR T
i i

k#j

TV =7 :Z”iqij (2.3.3.1)

i)

mv; =B ARHRE |t F(rate) ; Zﬁiqij = F AR ~ j 1t F (rate) o @

i#]
F1 & O =viPj > Py ALt » S ddc s B 5 7 & 4é(embedded discrete time
Markov chain)end& % # 5 (transition probability) » (2.3.3.1)* # & =

iij
i#]
BT 1 @T;' AT B ¥ £ 44(embedded discrete time Markov chain)
% Tk Ak % 5 (steady state probability) o7 12 £ 7 A

. = (2.3.3.2)

I Z”k"k
k
@ PR E ¥ £ 4a(continuous time Markov chain) e4g w_fk fi % &

(steady state probability) 7, » ¥ 12 % 7 3

R Td /v (2.3.3.3)
Zk:ak Vi

(2.3.3.2)£2(2.3.3.3)&_d »+ % B & TH & 18 & (steady state probability)
Rf ik @ % eh(Ross [3]) e

yooboo iy o kad FpFERE ¥ 4 4d(continuous time Markov
chain) s24& < £ 1 & (steady state probability) 7, g = £ - & & & PFRF

T AR T AR AT 2R e b
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P EOTIt ) iBAR BT Ak jeeTy R
7. =lim

b e t

(Ross [3]) °
2-4 { &A%

dokt - BV HeifAE > U EA BRFE L OREREFLEL D
A fe e B pRp i B Ap ke o RSP AT B BB Ae - B AT

i#F 4% (renewal process) (Ross [3]) °

—H kR 4 {Xn,n:1,2,3,---} F_B 2L f b > SE % % Bc(random
variable) B 7] » ¥ § £ e chAiEF o S0 WA - £ 3 & ddd o B
% F(0)=P{X, _o}<1o X MESN-)BREL2SnBE PTG

PR e X, 20F FO)<1lenipak ™ » v ML Y FIRPEFRF 5

= ENXGIE R (9

st N() A A& PR LS 4 g i 7 LA 7 &
N(t) =sup{n:S, <t}
(Ross [3]) °

[z]
AP AT gB A2 {N(t),t >0} £~ B { 2748 42 (renewal process) > @ N (t)
R ARt 4 aE 2 #ik(Ross [3]) e
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2-4-1 £ 2§42

- Bk Bz B E {012} s 4L ¥ i 42 (stochastic process)
(X(@),t>0} » X(t)=:BRtmmtapkii  Far LFFRE 46
EATRASZ B o o ER o B LR f s Fh- BRER
25 S, Aéiﬁslf]%‘u%%ﬁf&i@ﬂ* PR R4 5 FRACE S, o
Sy, Sgy® TH R UIMHE G oS, - AT o TR OEHER
(stochastic process) » #\ i¢ ﬁﬁﬁ,&i = £ 2 1§ 4% (regenerative process)

(Ross [3]) °

{S,,S,, -} H.d L #7ig(renewal process)s 4 % i+ chph ¥ gLt i
F oo AP K- B TR(cycle) B BB & = B { At(renewal) $ 2 g
4 (Ross [3]) -

[ x52)
3 E[Sy]<o0 -

GE SN L R S oy Radcl

P, =lim P{X (1) = j}= E[-

(Ross [3]) »

[ 2]

- i & 2 4 4% (regenerative process) » ¥ E[S;]< o >

Ilm];%)'—:g,&()fjt L B Y s E[- A > BB T bk i jp ]
> t E[— 1 9 9% st pr 7]

s & & 1(Ross [3])
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2-5 %4 %

T %% 4 % (hazard rate) %

< >
400 = lim P[x< X <x+Ax| X >x]

lim ~ (2.5.1)

4o % X F_id § “F 4% % #ic(continuous random variable) - ¥ A fiz 3 #ikc
(distribution function) & F ~ #s 3 % A& 3+ <(probability density function)
= F oo

A= T _—d In[1- F(x)]
C1-F(x) dx

#(251) AT UHEAX)AX GRS T - BRR e SEIIxE o B

T - B R R 3] AX g £ F 12 adbiT s S (Kleinetal. [1]) o

@ 3 4 5 (hazard rate) A(X) ™ M1 E2E 48755 0 Bilde © RERFRF IR -
IR LR MR T EM Y o v -
A(x)=>0
(Kleinetal. [1]) -
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YR TR EBF

Eh - Fendmar o Apraeg A7 F g 4 RS L 55
A(t) 0§ #7186 4% (renewal process) > ¥ E 3 @ﬁ)}% F A - BE LA
(regenerative process) » ¢t £ & T £z 1 4] 48 Tk fE 45 I (steady state
probability)erhf 4& o 3-1 & ¢ > AL F P L LR 5[ -
qﬁ N EEET PR B ¥ % 48 (embedded discrete time Markov chain) s+
B RO BCAF 4R BEeofE TRk A 8 5 (steady state probability) -

;ﬁ-g 3-1 & eni & 2248 2k 15 18 5 (steady state probability) sz & >
3-2 &42 g 45 F I 0] g Tk i 8 5 (steady state probability) -

3-1 > S HIERT 57 Adh2 LRGP F

F oL e~ F R B R F R R f (X (7,), X (7)),

LT :

To Ty P
X (z;) = B At P B Bh 7, i o F (X (o), X (7)o} B F B 7 2 47
(Markovian property) > ~ f]*u{;fu DR EARRT AR X ()R A

B3 T - BRGE X(ry) YT e RO 3 B4 A (exponentially
distributed) » & 7 B 2 e > AT A KGR R e BB IR Bak i

Mo A EEE R E PR o R {X(5), X(y),... ) B B~ S
AT R 5 ¥ A 4&(embedded discrete time Markov chain) > 2% ¢ & 1] #
$or BT pE R 5 ¥ 4 44 (embedded discrete time Markov
chain) {X(z,), X (zy),...} €0 # ¥ # & 4 'L (transition probability

17



matrix) - 12 R 47+ 3 8h2 2 Tk i 48 5 (Steady state probability) +

a' e ¥ 5 PH)ED@t) bz e PO)D(M) bz s+ BRF

B P 5t e B 48 5 28 (transition probability matrix) - 5 7 i ",% iE
EAs S RIA PR EHEPODM) R 2t S R A S f () 0 £ T

ﬁg\ s T

T P({)D(t)A(t) exp(— jﬁ,(x)dxjdt

Ao SRR RS ¥ 4 4a(embedded discrete time Markov chain)

{X(7), X (,),...} e % ¥ 7 452 (transition probability matrix) o B 4

> N EETPE R B ¥ % d#i(embedded discrete time Markov chain)

{X(z0), X (1),...} 6P4& Tk fi 4 5 (steady state probability)+ € @' & i

1

07’]3 P{t)DE)A(T) exp(— Jt./i(x)dxjdt =a' (3.1.1)
0

0

Lo b D=1 7 RE G- fEY o or VAT G

MRLULESE A S Vs S ST

m—oo m

m E_F =t e o
32 HARTREPF
A k- BHEIkCycle) S B A HFEY FgES- K

PR e Rt Y 2FRihifEfe kg 0 4 fj‘%—ﬁuc S R I Y
i (48 Tk ik % 2 (steady state probability) & %
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ImB?fFéWf‘LOE‘JT AR B Y AR ihiry R

T T
IO = AR fbﬂi:"f "2 P (cycle) B #n(n— o) > R I < B2
B0 Bis &% — BiETR(cycle)im » B tlk fLi il (T o) )
- B IR (cycle) sy 3 (T )R b b o Fpt o e xRS SRR

Ho7 48 Tk Ak % 5 (steady state probability) s £ B’ Fe R R

b=

4 —_—

ﬁo‘z’P(x)dxi(t) exp[ j i(x)dxjdt
00 0

o0

Jexp| - jﬂ(x)dedt
0 0

T P(t)exp j/l(x)dx]dt
=0 0 (3.1.2)

| exp( j’z(x)dxjdt

0 0

LT FE o

He o (3125 A2 chkd £F 5 - B TR (cycle) sl 2 prR

<

E(cycle) = T F (t)dt
0
’:"-i-_l‘j
E(cycle) = Texp(— j‘/l(x)dx)dt
0 0

m(312);\é}”%mmﬁ*fg ’t#glgfﬁﬁ&/ﬁ%t'“ﬁ&’zﬁﬁj_x%@’bﬁi
B ienp g (TR

SRR 'S
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””:ﬁ it X(x)=i

o.w.

£S() s PFREZEINR EARBT AR LI TR RS ()7

VAt
sa)jumm
W ARFRKEIURE s BAABRT ARl (T )R A

t

E(S;(t)) = Epumijum =[P(X(q=i)dx (3.L3)

0

|
Bt F14 (3.1.3)E(S, (1) Ltk Rt ehfiR T AR R T Ak L eh
52 (TID)ER 0 0L b R S cnF) R o A TR B AR RS UK

fi 1% = (steady state probability) = & B4 &

0

I{IcﬂP(X)dX}%ﬂ)eXp(i Jﬂ(X)dx]dt

0
@ (@'P(X)), =4 TH f& 4 = (steady state probability)+ & 5 @' ch+
PR e EARERFE X RGP F o b 3(31.2)38 ¢ b
# % % & & fic(probability density function)

t
exp[— | ﬂ,(x)dx]
0
0 t
j exp( j i(x)dx)dt
0 0
¥ — #3274 # (equilibrium distribution) » = frﬁu{r‘u BREFBETE

PR Z- BT LETFicl - BIROTEETE T - BT D
PR PF RF o ¥ 2 4% & % R S fie(probability density function) o
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BARL hEN e e k@ e f o B REL I B R T T

¥

Y =

I FEBIG Qe > 4T N Pt)=e > £8[2] -

St E B AP [3]904 SARK I E en 2 2 wiT
oty —
peA gl (+_j 2 @i P(M) =¥ UfEN f B R R FRER

g log,2" =n=taErAp T om A Il a2 B'ﬂ L
P TR R oA REAR AL T - R0 AP R T —
BHAE R T A g o 2 RS BOF RV RS E A B

;VF o
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Yo d RIRETHA R

F] 5 HoA] ehAE Tk i 4% 3 (steady state probability)+ # B’ 2. 3+ &
LR AR R - &Y > APRE- BET L ER
(Markov process) & 2 jx 1 5 (steady state probability)w € 7’ » 2
i 5 225 ¥ % i 42 (Non-Markov process) s 2 48 Tk & 18 %
(steady state probability)w ® B o @ v ® 7't 5 b Ap$He 1L B
2o A% & A e K

M3 TR R T IR - T@"ﬁ AB

4-1 $3 ]ﬁ%w&gm uM\go

BRI A
A) =1
D(t)=D
a4 F e rg S P AR o v PR A i
o e MG R ES BREFEOTIEETI A A fe
1P o 8 A4g B fie(exponentially distributed) - £ ¢+ izpﬁ;‘“l)r* X
B B 7 % i 47 (Markov process)sfig i+ s #r it B 4r ~ F 3 eniE AR 1
£ 3 3 4 =R (memoryless property) > » & — i 5 ¥ 4 i 42 (Markov
process) > {+ £ B ¥ 2 [+ (Markovian property) : & &k fg e e 5 2
WMy iey Mo m 222 R R M o B 4o » F ORI 2 SR
(infinitesimal matrix)%%? AP
Q+A[D-1] (4.1.1)
Flfe s B oo Fl o BRI
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A(t) = A(t)
D(t) = D(t)
B E TR FETErE S OPREL v ARG B
BEAER L > Z0 BRYEFPFAFEFERT L Ldpdks e
(exponentially distributed) » #7r2 B i 4 » + 3 eifiz 2 £ &3 B4 32
1%t (memoryless property) » @ 25 ¥ % i #2(Non-Markov process) °
o hedk i e BB AR] Y - B S T 2 dF 42 (Markov process)
k3t B e o (A1) 5 6 ARG B R
Q+2(M)[D(t) - 1]
3k + i~ # (equilibrium distribution) £ #t T4 » > B ;e)f L H BB

5 7 % i 4% (Markov process) s3] 2_ #ic#E "L (infinitesimal matrix)

o —38

Q+10bw= I]}exp[—jz<x)dxjdt
Texp[— jﬁ(x)dx]dt
0 0

Al > 3 et s L (infinitesimal matrix)Q =15 ¥ % i 4z (Markov process)

G-

B3] 20 48 25k {8 3¢ (steady state probability) = & 7' € % &
7Q=0
AOEER R bt Y lhiE s AP R T R
i

-2 BARCREPFAROR BTS2 R

Wi % = § 748 F i) 48 TRk & 1% 5 (steady state probability)
é’ﬁﬁlﬁj‘f—%? e AR R 2T A e £ 7 0 A
oA 800 B A F TR TR B A matlab 77 -
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BT A K i B AR

B3048R G 4 stepl

]

A 4

%z Q,A(t),D(t),C = zeros()

\ 4
. i
, < Forl_atob,t_E>

P(t) = eye() +%

< For j =1t010 >
A

P(t) =P(t)x P(t)

v

C =C +P(t) x D(t) x A(t) ¥ exp[—j-i(x)de sc

T P(t) D(t)ﬂ(t) exp[— j.ﬂ,(x)dxjdt =C

\ 4

=1

(21

Bl 4-1 %5 namm| (- )
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BRI A Tk G 18 5 step2

%z Q,A(t),C = zeros(),a’

Y
. i
- < Forlzatob,s:g >

P(s) = eye()+§+§’

< For j =1t010 >
A

P(s) = P(s) x P(s)

v

C=C+P(s)x exp{— ji(x)dx} +C

T P(t) exp(— j./l(x)dx]dt =C

Bl 4-2 F 5w/l (=)
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%2 Q, A(t),D(t),C = zeros()

\ 4
. i
| < For|=atob,t:E>

C=C +{Q+ A(t)[D(t) —eye()]} x ex —_t[l(x)de Ty

=

v

- C
Q=+

I exp(— j‘/l(x)dedt

B 4-3 7B R (=)

GIREY 4w H_% T matlab #4 {7 15 chiE %
[ 545 ] (Q D(t) £_2X2 &%)
(-
;
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B = (ﬂ@j ~ (0.6279,0.3721)

4343
_, 3
7 =( ,gj =(0.6250,0.3750)

et 1

11
Q{_l 1} , D(t){E 5 ] . A(t) =0.01
) i

B =(0.6650,0.3350)
7= (0:6656,0.3344)

1 1
Q{_l 1} ’ D(t){ﬁ 2 ] > A(t) =100
) ot

et 1

B' =(0.6645,0.3355)
7' =(0.6644,0.3356)

[5)42=- ] (Q & D(t) £_3X3 4&*)
(=)
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_ _ - . .
-1 11 0 le 10 1—16 10
2 2 2 2
5 0 -5 0 0 1

B ez » G
B =(0.6736,0.1701,0.1563)
7' =(0.6740,0.1701,0.1559)

(=
"
B 0 l(cost+1) 1(1—cost)
2 2 2 2
Q=|0 -2 2| ~D@®)=}0 0
5 0 -5 0 0

JE R
B’ =(0.5846,0.2141,0.2013)
7' =(0.5846,0.2162,0.1992)

[42=] (Q2 D(t) £ 4X4 4&*L)
(=)
i
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7 1 1] 1 -+ 1 -t _t
- 1 - - ~“nl0 ~—p 10 A 10
4 > 4 0 5 ¢ ;e 1-e
3 1 Tt Tt
Q=| 0 - 1 5 ' D)=l o T 1|
5 00 5] 0 0 0 1

I
B’ =(0.3265,0.2050,0.3441,0.1242)
7' =(0.3252,0.2049,0.3457,0.1240)

(=
i
7 1 1] [-Hd 1 1 7]
- - 0 =(cost+1} —(cost+1) =(1—cost
2 1 > 3 4(cos+) if(cos+) %( cost)
3 1
_ — — |, - O O — (I 1 _1_ t ,
Q=0 —< 1 3 D(t) 2(cos+) 2( cost)
5 0 0 -5 0 0 0 1 |

Alt) = Gj(u sint)

B Aea A G
B’ =(0.3332,0.1889,0.3132,0.1645)
7' =(0.3336,0.1892,0.3133,0.1637)

|
M EHZ B EIF o APT FRA RGP ¢ § A g
W& LR &g 4 K (hazard rate) % E] > B 7 ehiEdRi%
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B« QB fBhis S il oo AT AR S A%
WA H_5 7 % ig 7 (Markov process) g ¥ 3 HIRAE-E & T o F]p

B ehAE TRk AL 1% 5 (steady state probability)= & B’ gt ¥ h

2n
FmT (& gl (' +%j + @iTP(t)=e% & QP Kz

Pm:éMWQFw’%%ﬂjiiﬁﬁﬁﬂﬁﬁ$’4%{?U&

£ 0,01 1T AR Lo Pl B APT LERE AR T

KT A PR g o
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»
»

s 2
Iix

FAARY Aber TAZERAIF M B R FR R
AT g - B E G AL (infinitesimal matrix)Q ¥ 7 & B 7 4
{2 & (Markovian property) e o pt BF > & RACA] 4R TRk B F
(steady state probability)= & & 22% % % > ¥ & 42 2k & 18 5 (Steady

state probability) = & 7' % &_

T 0 1A AT B A BNk enE o ié_‘ﬁmﬂ*’*&“f
TR DN RFF DER s e pEe e RSE S K F)F PR bl
AGER ARSI AEE o ‘%éi%%&{ﬁ%ﬂ"iﬁ?iéfﬁﬁ%ﬁ -
PR AR R BT R 8 - 2L 5 ¥ A 47 (Non-Markov
process) ¥ > ¢t H-A) e €k Ak 4% 5 (steady state probability)= & >

fjh{av Z 394 0 &k en(3.1.2) 0

Oﬁ ’P(x)dx/l(t)exp[ | z(x)de

| exp[— | A(x)dedt

7 -

0

j P(t)exp[ j[xl(x)dx]dt

| exp[ | ﬂ(x)dxjdt
0 0

Sl F 4 AREERE - BERF > 4311231250 ¢ hQ -
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D(t) &2 A(t)+ = ik stk 1% 28 J a7 o™ regs B 0] i
Tk L 8 5 (steady state probability) s & ; & & fpikF 8 & L4 H
TOREMR B PR T T R R ow Rk 2 JR UK i ehiT

f]‘j/uz\ ﬁaﬁ, j{‘}’\%gl [

mAELR R 0 FD 2 AR X SR A S eI R
® B 422 §8 Tk Ak 1% 5 (steady state probability) > 2 & F_ 8 7 24 A2 &
Fe¥ 5 Rk 24T e Tk R 8 5 (steady state probability) €% &F %
LEEER o FIL A I BT T L o Aok SEE R T T

2_18 0 BBk Buk f U A4F fR Tk 48 5 (steady state probability) E £

1=
&
B4
N3
~=h
>~

LERAhd A2 WAL 5 s RS- B A AL

‘2
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