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Research on Optimal Selection for Cold/Warm/Hot-standby Patterns of
Dual-standby Systems
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Abstract It is an effective way to realize the system high reliability by installing dual-standby device. Among the
three standby models of cold, warm and hot, which standby model to select has a significant impact on the system
performance and economic indicators. However, existing research works rarely involved the optimal selection of
standby models. Thus, this study innovatively presents an approach to determine the optimal standby mode for
dual-standby systems. The models of cold, warm and hot standby are constructed respectively, and system states
and corresponding state transition probabilities of each model are analyzed. Subsequently, the availability, average
number of maintenance, probability of the repairman busying and average activation time of the cold standby sys-
tem in steady state are deduced using the Markov renewal equation, Laplace transform and Laplace-Stieltjes trans-
form technologies. Furthermore, the function with respect to net revenue per unit time of the system is given from
the viewpoint of economic principles. Finally, the optimal selection algorithm of the system standby model under
different conditions is given in terms of performance and economic indicators through comparative analysis among
models, and numerical examples of optimal selection algorithm in each objective are given based on a practical ap-
plication. The numerical results demonstrate that the obtained optimal standby pattern is not always the same
when taking different performance indicators and different costs as references, which validates that the presented
approach can effectively determine the optimal system standby model under different indicators.
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cold-standby system
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Sg = (FR, Fwr, Fur),
S10 = (FR, Op, Fwrl), Sy
S12 = (Op, Fuwr, Frl)
¥ R i AR E, 2045 So,
Si, Sa, S7 M1 Sio ARG, S5, S, S5, S6, Ss,
Sg, S10 ﬂE[] 511 %E‘EE‘_&L%?&, 55, S@, Sg *n 511 %9%
RORAS . IR Z R I 5C R WA 2 s,

e e SB ] Ss

Sio Sn Si

Sy = (Fr, Op, Fuwr)
= (FR, Fuwr, Op)
= (FR, Fwr, Fwrl)

(
= ( (
= (Fwr, FR1, Op), S5 = (Fwr, FR1, Fuwrl)
= ( (
( (

2 P RGREHBE

Fig.2  State transition diagram of the

warm-standby system

2.1 A% Markov #Z R

5% 1.1 3R, &Ry &R T
ARG T A ¥ Markov ¥ B 0N (B AR #1 it F2 0L
B3 A)

¢
Qo1 (t) :/ 2X\ e~ M F2Auqy
0

t
Qo2(1) :/ Ae™ AF2ADuqy
0

t
Q10(t) =/ e~ MU, (u)

0

HOE / e (1 - e M) d )

t
Dty = / (e A6 Gy (u)du

0

t

0

t
5‘9 (t) = / (x\e_()‘+>‘1)“ * e_)‘“) dG1(u)

0

t
%)( t) = / (x\ef()‘ﬂ‘l)“ * Ae”‘“) G1(u)du
0

t
54; 6)( t) = / (/\e*(AJr)\l)u % e My 1) dG1(u)
0

QQO(t) — /Ot e*(/\Jr)\l)udG(u)

t
L0 = [ (ne 90w a6t
0

t
Qélq)l(t) = / ()\16_(’\+’\1)" * )\e_’\“) G(u)du
0

t
;}?’211)(15) :/ (Ale_()‘+’\1)“ s de ™M % 1) dG(u)
0

¢
592) (t) = / ()\e_()‘""\l)“ xe ’\“) dG(u)
0

¢
5978)( t) = / ()\e_()‘""\l)“ * de M x 1) dG(u)
0

Qralt) = /O MG ()
B = [ (e

Q12’2(t):/0 e_MdGl(u)

1) dG(u)

(1) = /0 (Ae % 1) G (u)

2.2 AREEMABENRESHTFEERE
55 1.2 W3R, @t/ R g e B4

REWFYIE RIS 8] pg, 4 =0,1,2, 7,12 8 (BAE
Sy Tt RE LB % B)
_ 1 _1=gi(A+ M)
Moo= =N
=gt (A +Ay) _1-g"()
U? - )\+ )\1 bl T = )\
M1z = 71 _if()‘)
Hr, g* (V)= [7 e MAG(t), gi(\)=[;" e MdG(t).
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R RGBS T IR M N SR i 5, = 2220) ()
ERMRREETHRERIC AR . 1(5)
23.1 ARERSTHE /]\\, (;) :2
S 1.3.1 1K), AN RGRAS T ’ ) .
~ SN (s) 0 —Qo1(s) —Qo2(s)
Ay =1 (30) .
s—0 D1(s) 1—-Gi(s+ A+ X\) 1 A(3)($> —Q(4)(5)
Hdr Dy(s) F Ny (s) 73 5R s+A+ N\ 1 12
Dile)= A LG AA i) 1 Q)
1 —Qo1(s) —Qo2(s) L O(st ;\)

_&(s .
~Qul(s) 1-Q(s) —Qi(s) Y 0 ~Qra(s)
—Qu(s) —Q5" () 1-QL () 1—Gxi+» 0 Ol

0 0 —Qr2(s) s+
« 0 0
0 0 —Q12,2(s)
~Q(s) — Q137 (s) 0
0 0
O (5) — 0U9() 0 —Q7(s) —Q% (s)
Q) @) 1= QP) 0
1= A(g)(s) 0 _Q12 7(5) 1
—09) 1(s) 1 ’
233 RGFEASTIMIERY
Ni(s) = 5 1.3.3 KM, BN ATE ARG KA T
| . . YA RO
ol eel e )
1—@1(S+)\+)\1) Q(3)( ) —Q(4)( ) 2= Dl(s)
S+A+ M 12 (% Hrf Ny(s)H
l—é(s+)\+)\1) (10)( ) 1- (9)< ) N3(s) =
sTA+A . ” eo(s)  —Quls)  —Quals)
Lot 0 ~Onals) oi(s) 1-00(s) 0N (s)
1-Gi(s +)) . : p2(s)  —Qu7(s) 1-Q5(s)
s+ A ~Qiz.2(5) ©7(s) 0 ~Qr2(s)
0 0 ©12(s) 0 —Q12,2(s)
0 0
(35) A (46) R
—Qi7(s) = Qi7" (3) 0 ~Q(s) - Q1P (s) 0
QP R Qe M)
1-0%9(s) 0 107 (s) 0
. ~09)+(s) 1
_Qm, 7(3) 1

2.3.2 #HEANRRSICHABER
58 1.3.2 7R, o BgEs N RS

©0(s) = Qo1(s) + Qoa(s)
p1(s) =

)7 (5) + Q%3 (s) + Q7 (s) + Q1S(s)
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p2(s) = Q5 (s) + Q5 (s) + Q% (5) +QL % (s)
pr(s) = Qrals) + Q% (5)

p12(5) = Q1a,2(s) + Q1Y) 1 (s)

2.4 AR BURERN~E NS

55 1.4 SR, TR AR GE AL (] N AR
AT R 02 1T RN
(“)2 = C4A2 — C5Bg — 06‘72 —31 (33)

;H\:EF', %%i& C4, C5, Cg E‘Jé\ﬁéﬁ%ﬂ—'ﬁﬁ (29) ':F'E(JC(J,
C1, C?*HE~

3 RGARINERBE S

KU 24 B85 T A& R LR g =Mk & LA
IR 7 SN LAE. B AN A W& R AUE
BRI FA IS AT B4 R R B 52 ). [ Ut
SRR M AEAE I AL SEFR L
iﬂ‘iﬁi%” B AT 7 VE S IR % R (1) 23 A1 75 15 A

AESHT P RTELS N =N, g =8 BT,
JH:, AR o ek AR EE . NI R 45 H R G AL
(1) PAY ) 445+ AL i PRI 4

O3 = c; A3 — cgBs — cgVs — 31 (34)

H 28 cr, e, co BT A5 (29) 1 co,
c1, co FHAL

4 RER/[ER/ANCERBMNEREE

MR G R TR bR (RIFRS AT, 468 N ife
ST R, RGERES P4 B RE) DAL
b (BRI R G0 57 B 18] N U as ) PRAN D7 TR, 430 4 H
XU R G5 1 ) IR AR (AR A e B V.

BE 1L VRS MER N HIRKIRUE & RGN /1R
PO R R B R

BN 28, M, B, B v, o, ERGVEREIETS.

. X MERETE AR T AL A AR A,

BiRAntE:

L WIIRHZHIN, A, B, Bi, v, o3 & XEARMA R
Models HHIUH Models = [“WAT4", “RIZ", “H
7] MG IE IR L & i = 0;

2. While i < 3

2.1 TH5 models [i] #2 F T 2 Markov 1% iR
HQW ).

2.2 W models [i] BT AR 1P 3552 8
A 1) .

2.3 4 Q) (¢) Al p; BT RGEZMERESRBR T 19

I BT 7 R4
2.4 XTBET SR F24H AT Laplace B Laplace-Stie-
Itjes AR IFHEAT RAR, 1FEZIEBETRIF R E
;e Ay, BBV,
2.5 EHEMALE i+ 1L
End while
3. HBHN Ny, B, By, v, oA A, BV, IFHRAER.
4. @i 2 R R, Az PR RETR AR T A, By BV, AR
LERSPNAi ) a3 it
Bk 2.0 LLRGE AL 8] N 150 a9 H BR B AL
ﬂi%%éﬁ?@/iﬁ/#&ﬂi%ﬁ@ﬁﬁ%iiﬁﬁ&
HIN. SN, M\, B, B, v, 0, ¢i, i=0,---,9, I.
Wi, DR GBI (8] Y i A B AR I R G LI &

S
Hﬁ

HERTE:
L WIS EN, A, B, B1, v, 0, iy i=0,1,--+,9, 1.
2. 2 RGMERTEAR RS T R 4B N R ASASIT
IR, RERESFAEBRE, HBHEESH,
A, B, Bi, v, o RN 1, 7385 A, B F1V;,
i=0,1,2.
32 H ey, i=1,---,9, I URIWHLERA, B,
Vi,i=1,2,3 33 N0, 0, flO;.
4. 73 AL R G BALIN A B AT R I BB 9 L 32
HEYEIE N S RN &, S A
THHL a):
61 > max(02, O3) (W FL¥ B &R AL);
TEL b):
Oz > max(01, O3) (W PRI BT F L)
TEL ¢):
O3 > max(01, O2) (b B AT EZ A1)
5. RARZIR 4 HINAER, S HHUETE BN WA
3w ey AR R IR ROR SR N W A
AT A AR,

5 SEforih

PLSEFRI AU 24 PLC (Programmable logic
controller) ¥l R4t (W&l 3 fhor) N4, i
TS5 . R GEVERETR bR, B RGARES T H .
BN RSN R, RARS 4B,
PAR B FaAR, B 2R G0 BRL N a) P9 35 00 & 793 4 77 T
X RGN A& AR B I N S HO AT R

N T A RS EURE, B E 3 R
RGATRIERIE. 1% PLC ##H Ra 2 HREFH
k) B BT R S TSR S S R G RS
thEAS PLC Bt 28 s A i il 5 15 217 1 T
TEZF 4100 1800 KX, BIILIZ4T ¥ & i1 R &%
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i

'i
S
B3 ML RER RS
Fig.3 Redundancy control system with

dual-standby device

BN A =0.00055 (4N/K). & &&RUES T
ESRSEA 5%, WH N AL € [0.00001, 0.00055] (4™/K).
YEAE I 0] — Ml AN FE B0 A1, B G(t) =1 — e,
Gi(t) =1—c Pt Hh 288, By 70 R INISAT I
25 MR £ B8 R RUE HF YR . SEbr b X
FRMIETREIR] A g4 MK I 230
W EHISAT ST, DR AR B 4% 7 5 4 AE 204
AIHISAT A R AR IR BIEHIZATLIN 7~ 30 K,
2w %28 5 8 15 K. Bk 8 € [0.03, 0.14]
(N/R), Br = [0.067, 0.2] (1/R). ZRGHIFR L
AR, WIS T R KRG, WIS & he
% 1 30 b IF R B HIRE P DS N TR SR AT 1)
e, BEA PG AR B 3 min 245 @I R
WOE BRI GETH 73 A T AF I 2% 1 2% B0 I Ta) IR T

A5, B
1 (v —t)?
2ro P ( 202

Her, 8y Mo AREIER T 2. Ry =
0.0021 (K), o = 0.0007.

W(t) =

51  ARGMEERBIRHISIBIS T
511 LARESH R E A B sLB)oh

4 X = 0.00055, A\; = 0.00011, 8 = 0.05, 8, = 0.1,
v =0.0021, o =0.0007, RAMERETEPR NERS AT H
fE. WX SHARNE D 1, 7E MATLAB (2014b)
W s 7 5% 1 (AR5 A H MATLAB
MR T i), Hat e Rangk 3 Pk,

*®3 AGRETHE
Table 3  System steady-state availability
R
Bl | FAY 11 A I
A; 1.0000 0.9967 0.9845

F 3, AT, BN TT AR TIT 43 ) v
T 4 AEL TR LT 4% AR R b 4 R R R 3 AT,

Ay > Ay > Ag. DL R GRS 0T H &N H bR i,
HVE o AR R AL TR
FR ARG TR A, FE T4
S8, N TR EZSH R RS HE 2 m,
4 A1 A\ 0.00001 84K 31 0.00055, 25K A 0.00001, H
fSHAAL, XS E RN 1, Kt
Rk 4 Frows.

1.010 ————
—AERG

1.005 | —— R & RS |
—— & RG

1.000

i

b

= 0.995 |

o |

419

"

0.990 1

0.985

0.980

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 5.5
TR B R ACE x10
4 Ny W =AML R AR AT R L S
Fig.4 Impact of A; on steady-state available of
the three models

B 4 nhn, B RGeS vl FEERE A\ 1)
BN PR, VA; € [0.00001, 0.00055], J6.IF” 4% & 4t
AR o] B /N T A& R4, (HI R T A%
RY0. 0] DLIR IR R & R BCRE XN IR I % RGeS
AR — e, BRI 1 g R R st
TG .

5.1.2  LAHE(E A ST ERREZSHEZR A B ARRISS B4 #

ZHN, M, B, B, v, c BUEE S 5.1.1 1M
[, RAVERETER N4EE N C RS %, Bix
SESHARNE L 1, Ht B Rk 4 for.

F4 e N RIS
Table 4  Steady-state probability of repairmen busy
R T BRI R I
B; 0.0110 0.0131 0.0323

H#% 4 AT, By < By < Bs. KL PA4E1E A 7
TS IR B AR, B0k 1 g5 o8 A
FoE LI &R SehR b I8 4T B A AR Y A 15
HRBEMAEER (IS5 B, ) MEBANRRE
TEHARE R B, Rk, 4 8 €[0.03, 0.14], B =
[0.067, 0.2], FINS WAL K I E N 0.005, HoAth
BRORAS WEF B35 By, Bs KISEMILLI 3, By Xt By
s, Hgk Bt 5 fk 6 fios.
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0.06

—— R ARG
0.05 —— AR RS |

5 0.04

T 003
K2
ooz}t

0.01r

3

0 1 1 1 1 1
0.02 0.04 0.06 0.08 0.10 0.12 0.14

BATRA YL R

5 BT A UEIERIEA R RGP 4B By
RS HIRE A B
Fig.5 Impact of repair rates for the working device on
steady-state probability of repairmen busy for
cold, hot-standby system

K6 a7 i MR & e MR IE R XTI 4 R 50T
A CYNAYSEN (e R
Fig.6 Impact of repair rates for the working and
warm-standby devices on steady-state probability of
repairmen busy for warm-standby system

B 5 vl A1, fEZ 40 8 1 BUE Y B N AR 4G i
By ¥)/NT Bs. W LA4ERE N ARSI A% A H
BRI, S5 1 M A R R A A
K6 nl %, By Bl B, g1 B R EAEL IR/, EL
EEL R AT a2 g BUEAMFR, B, < By < By
BRST. UTEA R ST S B R T, Bik 1
AR ORI B & R LI A A,
5.1.3  URGRERHEERE A BRI

SHN, M\, B, B, v, o BUESE 5.1.1 Fi A
[H, RGNl N RS T4 B IR AL KiX
LS HARNEIE 1 At ES Rk 5 fos

R 5 WA, Vi < Vo < Vs, RILDL R GRS
BIMEAEEON AR, B9k 1 g 12 A&
RN AR, BT WA 24 1 A%

K5 RARS VYR

Table 5 Mean repair number of the system in
steady-state
RO
B 1 BT 1 R IT
Vi 0.00056 0.00077 0.00170

ARG WA EELW. BRI, B &REEZ
24 % & R CR 2. R, 4 A\ € [0.00011,
0.00055], § € [0.03, 0.14], K45l 0.00001 Al
0.005, HARSHCAAL, WHIT B X Vi, Vs B0 DL K
B, M X Vo ggmm. Hgs B il 7 fEL 8 B,

7 %0, 76 6 € [0.03, 0.14] B, V5 > V4, &
WA A REUE WA, A% R G Fa S 4EB B
NI % RS S /T, 286, A ARV,

x1078

4.0

« A R

35¢ + B R RS
< 3.0
RO

!

feA

Y

H_Q.(]-
Xa L+ 4+ + +++++++++++++++++7
galbr ]

¥

4k

R

wg 1.0

]

0_5&*********************_e

0.04 006 008 010 012  0.14
BEAYEER

Bl 7 WAYHERENA IS RGRES
S YA R R R
Fig.7 Impact of repair rate on mean repair number of
the cold, hot-standby systems in steady-state

K 8 IEAT IR HOLEAS ZENIR I 4% B & R R BT
RGP HYE U
Fig.8 Impact of repair rate of the working device and
failure rate of the warm-standby device on repair
number of the system in steady-state
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F—AF I, W VL 5 8, A BEMERILR AR, 5
AANNEAELE AT 40, 76 8 € [0.03, 0.14], A; € [0.00011,
0.00055] Y FE S, Vs > Vo > V4 BOL. BLERIRIE & &
G T RHGEE IR EUN T I R4, (AR TR
W% ARG k. HLLRGRES R4 EERECNH
BRI, S AR IR FE VA I 45 FE B AT I 45

ARG 25 73 B AR SE ) 53 4

A 22 558 7 FH 2245 r 1) 1 Sk b 55 58 AR g s 4
Bo HidsR, g =AMER R i o G & 3
Y5 % o, e, e7 € [1000, 5000] (7C/h), e, cs,
cs € [300, 500] (JG/h), c2, cq, co € [300, 700] (7G/h).
PR b, VA FR GEIOE IR AL T A R AT
VR A= 777 1) 32 A b 7 SR R 20 407 2 B A 1 98 FH KR
ERE AL TE. (HARHE AL i R G 1 3 A = Al
HHSEHLIE S, EHLER A EYEREDN: ¢ € [500, 1 000]
(Jt/h), RELETFHEGENEREA: T € [100, 300]
(7G/h).
5.2.1

5.2

ARG BRI N E T E AR R
BZHN, M, B, B, v, o BUESE 5.1.1 A
[H, 228 c; =400, c3 =500, c5 =800, c5 = 100,
cg = 200, cg =300, cg =500, I =200, cg, cq, C7 €
[1.000, 5 000]. #f LA EZEARNT I 2, it 54
wr.

XFTIEOL a), i e A G N
max(0.9967c,4 + 3.2273, 0.9845¢7 —
5.9432, 1 000) < ¢ < 5 000

ZAN 2 AE Yoo, ca, e € [1000, 5000] BUAE V&
WA, Bl ©) > max(0, O3) KL, LEIF 5% 2
i 6 A VA I R B A A AR Y.

XFTEGL b), A E &SN

max(1.0033¢o — 3.2273, 0.9878¢7 —
9.0978, 1.000) < ¢4 < 5000

% AN RAE Ve, ca, e € [1000, 5000] HLAH VE
WAH R, B 0, > max(©;, O3) &L, BLEF &% 2
iy & R IR R L A AR,

XTTAEDL o), Wi e AR

¢7 > max (1.0157¢co + 5.9442, 1.0124¢4 + 9.2105)

&A% 3UAE Veo, eq, 7 € [1000, 5000] BUAE G
WA, Bl ©5 > max (01, ©,) T, B &k 2
iy & R U & e B AL AR,
5.2.2  ARGBRAMENIESEEERAMRITR

2 co = 3000, ¢4 = 3000, c; = 3000, 1, c5, cg €
[300, 500], HAh S 5% 5.2.1 TAHIA. KL LS
RN 2, a8 57 ur.

AT a), Al R R A AERN
300 < ¢; < min ¢(1.1892¢5 + 909.6062,
2.9405¢5 + 4 173.9914, 500)

GANEERAE Vey, es, g € [300, 500] HUE Vi A4
1H %L, Bl ©1 > max(0,, ©3) TH AL, i H ik 2
B 25 R VA R AR A AR
XTI GL b) FABI ¢), AL G 2 S i & A
300 < ¢5 < min(0.8409¢; — 764.9161,
2.4728¢g + 2 745.1231, 500)

300 < c¢g < min(0.3401¢; — 1 419.4655,
0.4044c5 — 1 110.1322, 500)

SRIM, 1E Veu, s, cg € [300, 500] BUELTE A, PA
EPAARERIL T B, 04 > max(01, O3)F1 03 >
max (01, Q) WAL, 5L 2 ok . Ui LA
FA G AT [A] Y % 4EAE B ORI SO0 G, TRk
ZHATHUE, A& 35 2 s e & A
5.2.3  LAB{IRTE A fTR4E1E N RHZE A A

RITR

%o = 3000, cy = 3000, c; = 3000, ca, cg, cg €
(300, 700], HAZHIUE 52 5.2.1 AT, LA L
SHARNE I 2, il HER T,

XSO a), A G B AAERN

300 < ¢3 < min(1.3865¢4 + 16 276.7,
2.9724¢q + 68 210.4, 700)

GAEERAE Vey, cg, co € [300, 700] HUAE T H A
fERAL, B ©1 > max (0, ©3) TERAL. M HIE 2
g A R AR A .

X5 OL b) FUGBL ), T 40 045 2 1)
KAEAN

300 < ¢ < min(0.7213¢co — 11 739.5,
2.1438c¢y + 47 356.9, 700)

300 < ¢g < min(0.3364cy — 22 947.8,
0.4665¢6 — 17 471.8, 700)

SRIM, 7E Ve, ¢, co € [300, 700] HUE G 4, LA
EWAAERII T, B 05 > max(©4, 03) 103 >
max(01, O2) YA ML, BEIF FVEL 2 Tk . i LA
B GLERALIN [F) P STAT 45 4EAE N 3 3 DU BIE FE 0 B
I, ToW S HCUT U, ¥ 2 2 S AR I A A A,

6 ZERIE
o L PRI P 45 Rl U0 46 5 2 5
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P B RN 28 5% Ak o e I ) ) R, AR SCOET PEHB AR H T
XXW”%/Z%?}EU‘”%&%Wﬂ%Jﬁhﬁ% Wi R
RA B2 Markov B BIEESL T RGE44 /74
T2 B R 1 S ET T #24H, R Laplaces Laplace-
Stieltjes At R F1 Abel EH RS T KRG fatsn]
L 4E2 N ARSI MM R e fa s riggee
P KRG VERe TR bR, 4t T RS EALES (0] Py 15
W s ) H AR R 2L, 2 5@ B ARG B pr g T
UL R G VRIS A E TR AR N B AR R R A5 15
BRI FE L. B Ja DA R B ] 7= XK £ 428 ) &
GUE AT FURT B, XT BT i AR 3 AT S48 oy #r, S
S5 IR P L R A SO i RAAEA [R5
TR BRI SR AR RS S E U e
SRR ATE P LR A TEEFC. ARIR T R ek
SEBRE T I, MM RE R, REH S Sk
FENE, RESH)E T A E S8 o EG A E
SRR 25 KRG UNFEAT o B BRBEIEZE %
R PR A IR B B T — 20 B R i 9 1 I .

Fis% A

YR & BTN R A ¥ Markov # iR £t
TAHT .

1) BRGAT S IbF, W RH AP — MR K&
FBET BT R, MAGHERE S, A
Qo1(t) = P{X; > min (Y3, Y3), min (Ya, Y3) <t} =

t
/ e MdP {min (Y, Y3) < u} =
0

t
/ 2N e~ AH2A)ugy,
0

R, WERBAT B S8 TR 4 WA R 28 I
RGFER Sy, A
Qog(t) = P{min (}/27 Yg) > Xl, X; < t} =

/tP{min (YQ, Yg) > Xl}d (]_ — eiAu) =
0

t
/ Aef()\+2/\1 )udu
0

2) MRS T Sy I, M TR T LA S L

a) WA RO &S AT WA AR I & & R
RO 2B hr, WARGHB 2 S, WA

Quolt) = P{X1 > Z5, Y3 > Zy, 7y < t} =

¢
/ e~ (HA)uqGy (u)
0

b)) B R I A 5 AR R B A B I iR A
FEZR AN ZNSAT B IRIRIEAT, W AR GHAE 2 S,
PRI T Sy AR AR, B RGN S5 )5

2R IR LR WO IR S 75 2 ) 5 e
c) WRYENE & &AL IBAT W& RTS8 Lr, N
RGH S; HRe R S, WL H
ﬁ)(t) =P{X|>2,Y3< Zy, Zo < t} =

t
/ e M (1—e M) dGy(u)
0
d) G RIEAT B AL R R BB LT AT R 2K, T &R
G Sy B A S5, LA
O (OP{Ys < X1, X1 < Zy, Xy <t} =

/0 (1= M) Gyud (1— ) —

t
/ ()xlefp‘“‘l)“ * )\e#‘“) G1(u)du
0

e) ARG R S5 Ja, AR B & 24T
Ja, RGURERE S, WA

53;,5)(25) = P{Ys< Xy, X1 <72y, Zo <t} =

/ot [/0“ (L—e™m7)d (1~ e‘“)] G (u) =

t
/ (Ale*““l)u ¥ e M x 1) dG1 (u)
0

MAGALT Sy, WREAT R A LB R R E
0 1T R 28 ELAE SR R8O 2T 6 e 26 B AR 2K, T &
G R S, T Sy RAFHARE, F ARG H S,
Pt PR T B 5 JE.
£) SRR R AEIZAT B R AT C 8 4F, W
RGN Sy IR S, I A
D)= P{X1 < Ya, X1+ X3 > Z, Z <t} =

t u
/ / ef)\laefk(ufa)d 1
/(Ae (b i o2 4G (u)
0
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