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ABSTRACT

ABSTRACT

With the developing of modern science and technology, the aerospace equipment
grows more and more complex. Most of these aerospace systems are phased mission
systems (PMSs). The whole lifetime of the PMSs can be divided into several time
durations according to the different system configurations and functions at different time,
like the satellites or the spacecraft. Compared the traditional single-phased system, the
reliability modelling of the PMS is more complex due to the consideration of the
dependency among phases while the system reliability can be assessed more accurately.

Nowadays, with the development of the aerospace industry, the reliability research
of the PMS has become an emerging research topic. But in the existing research of the
PMS modelling and optimization methods, there exists one critical problem. Most of the
researches assume that the failure time of the components follow the exponential
distributions, so that the system dynamic behaviors can be solved with the Markov chains,
but this assumption is not practical. So this dissertation is focused on the modelling and
optimization methods of PMS consisting of non-exponential components. The research
contributions and innovative outcomes are summarized as follows:

(1) Reliability analysis of phased mission system with non-exponential and partially
repairable components

In practice, many real PMSs, like the satellites, consist of mechanical components
or mechatronics whose lifetime follow non-exponential distributions like the Weibull
distribution. In this type of system, the Markov process is not capable of modeling the
system dynamic behaviors. In this paper, the Semi-Markov Process (SMP) is applied to
solve the problem that the components’ lifetime in dynamic systems follows non-
exponential distributions. And the modular method is applied to simplify the system
model. A numerical approximation algorithm for the SMP is proposed to assess the
reliability of the PMSs consisting of non-exponential components. Furthermore, the
accuracy and calculation efficiency of the approximation algorithm are explored
compared to the Monte Carlo simulation method.

(2) Reliability analysis of phased mission system under random shocks

Many PMSs, like the satellite or the spacecraft, work in the outer space for a long

time. And the energetic charged particle and heavy particle within the randomly occurred



ABSTRACT

cosmic rays have a significant impact on the electronics. These random shocks could lead
to the degradation of components, even failure. In this paper, A Markov regenerative
process (MRGP) based method is proposed to modelling the PMS under random shocks.
Firstly, different shocks models for components are analyzed. Then, the components
shocks models are integrated into the system MRGP model. At last, the PMSs under
random shocks are analyzed along with the modular method and numerical method. And
a sensitivity analysis is also provided for completion

(3) Reliability assessment of multi-state phased mission system with non-repairable
multi-state components

In practical, many systems with multistate components cannot be repaired, such as
satellites or the spacecraft working in the outer space. To deal with complex dependency
among phases, the phase algebra for multi-state components is proposed. Then, by
applying the proposed phase algebra, the MMDD manipulation rules are improved into
the phase dependency manipulation rules. Compared to the PMS-BDD model and
traditional MMDD method, can do the system modelling process with less nodes and the
self-conflicting paths can be automatically cancelled and the system MMDD model can
be generated without additional steps. On the other hand, a Markov-renewal equation
based method is proposed to deal with the non-exponential multistate components in the
evaluation of the path probability. And by the iterative numerical algorithm, the system
reliability is assessed by the proposed method and verified by comparing to the MC
simulation method.

(4) System optimization of phased mission system with mix redundancy strategy.

A redundancy optimization method for the PMS with mix redundancy strategy. In
the areospace industry, redundancy strategy is usually used to ensure the high reliability.
In the existing researches of the PMS redundancy optimization research, only cold
standby or the hot standby strategy is considered. In this paper, a mixed redundancy
strategy, which i1s a general case of the hot standby and cold standby, is proposed to
optimize the PMS. By applying the SMP and modular method, the optimization model of
the PMS with mix redundancy strategy is established. And the component type,
redundancy quantity and type of redundancy can be optimized at the same time by an
improved genetic algorithm.
Keywords: Phased mission system; Semi-Markov process; Markov regenerative process;

multi-state multi-valued decision diagram (MMDD); Genetic Algorithm
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AR D TETTE, BFEFEFR (Monte Carlo, MC) 1/ B 7 yEB2H3BI g s
P05 BT EBOIBTILL I Petri-net 1/ 7 vEPSBIGE . 2) ik, AR RAE I
B, @A T 95T LA i S A A 7 10 5 B AR 7 1 DL SRS P 28 AH 45 & I s
WITiEE =35 OFSER, FERTENHGHETE, FEAHE: TTEHEEE
K701 (Reliability Block Diagram, RBD) . #it[#E A #5 A144H45] (Fault Tree, FT) i
IRARE TG 7146 471 (Boolean Algebra). . Jg ¢k 3 4121 4852 (Binary Decision
Diagram, BDD). 218 $3E P25 261 (Multi-valued Decision Diagram, MDD). % 2
ZAE 3 U781 (Multi-state Multi-valued Decision Diagram, MMDD) 45757, @
BB E E B ASE: T AR AR ) 7774 (Markov B *f: Markov
TFEEE) . DU 4810651 (Bayesian Network, BN) 5. @K 2 &R J7 vk 5 5l 4
Y J7 V5 M 45 A B AR B4k 75 7 160H88T (Modular method ), tHFR 2 A JZ AR 5 vk

(Hierarchical method) . H FIH HE H B2 M BAE 55 RG] SEME @A 7 2840
1-1 5% 1-1 Pos. TR PEALIEHE AL R B 53 2806 PMS @B VE#T

e
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- [ RSO
g G E I < BB BT
% Petri-net{lj & /7%
é}% < NEREEES
) B (AR
i gy ) VA
& R _\\\\\\
i e
= ) Markov#E A 7Y e
o 743
A AL < FMarkovid B K /
L L 2 K
1-1 M BUTS RS0 n] S g A 403
% 1-1 PMS B57E BRI O R e KRR
e aprae i) PMS AU Y TR A
- ﬁﬂgﬂi g | m TE":
o 1 /a & BB | B g | B
PEAR N | B P G | gy | 1
g i it} . PMS |
% i X Vil 1 Ve
T g e | & %
S IRES
1975 Esary [4] \ \ \ y
1992 Dugan [57] \ \ \ y
1999 Mura [66] \ \ \ \ \ \
1999 Ma [76] \ \ \ \
1999 Zang[23] \ \ \ V
2001 Mura [62] \ \ \ \
2002 Xing [6] \ \ \ \
2004 Ou [66] \ \ \ \
2004 Xing [79] \ \ V V
2006 Tang [11] \ \ \ y
2006 Zio [33] \ \ \ V
2007 Xing [9] \ \ N N
2008 Mo [63] v \ V \
2009 Mo [82] \ \ V \
2011 Shrestha [17] \ \ \ V
2014 Mo [26] \ \ \ y
2015 Lu [30] v \ V \ \
2015 Wu[13] \ \ V \
2015 Wu[64] v \ \ \
2016 Zhu [31] \ \ \ V




BE e

1.2.2 PMS M ERINIFESE

PMS EEA TV T BT iR B3 S R Rig Ui 57k BEE 07 5 LA Petri
PIE T 1 E TR St I AR AR T A 6 2R R YEAZ I T8] IR A1 A1 e 25 40k
TR, PPAETOIR R BUAEEI ], SRIEIRYE SO 2 BRI ARG R R R AR
RIS IE], 72 A R ) RG0SR RN TR AR, i J X6 2R AR (B RE AR 3R AT 18 55 07 43 240
L4

1978 4 Tillman 2552 VXS A Monte Carlo {/j B 7125t PMS [ A] S EAT T
WHIE, FEH B IO ) R RS I T IR N AEFE E050 41 Enrico £33 BA%E MC 1/ 577
VAR AR TS R R AT TR, FBIENURAE T 2 o2 A
#0382 BB A K &R, FIH MC 07 7750 2B Bl RHERE R G HEAT T HF5E
Yang EPME B REM B AEM AT PMS fd, X PEEN. REESTEE
(Tracking, Telemetry And Command, TT&C) R4 1] SEERAT THEFL. Petri M{H E 5>
Wi L R4 T T PMS B8 MW 0 — 07 207155, Mural 2808090 Petri [9f
BGINBNA PMS B, FHRH SRR IR Petri MR 2 B BUT 55
RGeS AT BT . Bondavalli 2540 H AT SE 14 /3 HT #4F DEEM %
AW Petri-net #, N @ PEFIBENL Petri W (Deterministic and Stochastic Petri
Nets, DSPND 1ENEMIE, B /RBHER BB BN BRI E U i 771, XTsha&s
PMS 34T T @8, Chew &R Petri MR XA S 4121247 B (Maintenance-
free Operating Period, MFOP) (] PMS #1715 . Yang 1244 10 [ %) 51 Petri
M (Extended Object-oriented Petri net) N H %2 PMS @, {EHEAT @B [ W5
JETCHAREAR R . AEFREUI AT LA B 515 D

PMS A5t g IR 07 307 V% 32 A0 AR AE EAT SIS AN 75 2858 1R 22 (R %
SRR, @A AR R, AT LA IR 48K 22 800 TR N B SEBR TGO, Bl andE4E %k
GrAn S B BORFEEIN RN BEAL AT AR BT NEESE, EARRAEE BOReh 1 db 7
AR EAER 2RISR . IEAE H AT PMS Al SR vk, (B ik EE
T2 I AR AR H A SRR DL T I A] SE I A S VAR S O

[FIRE, P BTE A EERZ REN, FERIAAE: D N 7R EER,
Pi BITE R EHAT IR RERP B, THNFaRK, RERENRS, F
O HE T FAAE D SRR AR 2) RS IE R —E W BB
Ja, SHIEZENILER, TGS HR B DO 2 2K, JUH N — LR
AIEEPE IR 2B BAE 55 R 48 AEARSCH, TATRH MC A B ITVENE N8Ik 712
SR P32 LB A0 N FH B R AR T VAT S8R 3 AT
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123 PMS AIEMHERMNAESEEGE

FEARFI R, FATX PMS @457 ik i A AR T ikt AT R R A4 . PMS 41
A B 73 32 B AT SE VAR R BT R AR AT A IR AR B A 6L I D) %
H A 5 i R SR B SE . PMS H-G 188177k 32 S H R AT 0 s PMS,
B R G (oA A& BoofF 2 (B A B, AAFTESIASRRAT A, Blan &4 -
Kl 1-2 BRI 2 B R G R — A =Hr B RS PMS.

12 =P Bias PMS B

(1) AT SEVEAE B 7325 Wi b 7 3%

RBD 772 Bk 1) PMS @#45773%, 1975 4F Esary 55 Ziehms 5542 H
PMS A [RE]F HAR H T PMS Z3 8 B AT SRR RE I D7, RR 2 AT 7 v el
EZ 7730, Htz O AR R G BT A SR 7 A — R Y SR BT, A
T 0 FEAN B B R R B e AT AR, AT A R AR PMS [ BEAR G 1] &
(ot JorE A FE BB AR, AT LUH — 4L B RORE {a, 8, - 8, | RIEAT
KRB, BAREBEARR TN BT N . A% RBD 5 FT A
Wk 1-3 Fioss

AR 1-3 TP RIRGEAT a fEEES B B R R TR #R Ak NFEEo A, oot A
FEBY B § DR300 AT BT 8

FA.j(t):|:1 F[ 1- pA] pA] f[ 1- pA] (1-1)
a1 a2
_{ a H a, I_ ......

] 1-3 EZ I ek iy s



s it

R, B 12 FosiERs PMS ar4840 N 1E 1-4 Bzs i) RBD f4L,
WL EATHARE, IS EIRGN A SEE .

K 1-4 #7s PMS S RBD #i%Y

BRI 7 V2R — M R PMS BTV, WRER AR AL (Fault Tree Analysis,
FTA) U Waston T 19 22 60 FEARLERT LK Fi il SEVERTFE Y, IR R e —
Pl B L () n] S o A R30S S R 2 e 2 0 1 i o o D] e A 2235
I3 AR R R T AR 4 () — M p A 71, 18T G RGN 55 I A Ay B R AR I S A
TEATE, REBRTREZFRFEOZHM (Rals) KEF, —BHRREE
oo iEbbs, RURSEAE, JREHE S T (8] ) HAEFR b B S . iR AR S 1)
IR AR, W THFEAT | A E A SR & S BT ERE, R T SR .
W AT A R EAE SANPIR: 1D BLHEN, TR RG-S o R
WK R 2) MEERPEMN T, FERSBONHE R AENEAREHE, B
RGN ER/NEIEE: 3) BFBEM I E BT, R RS &I LR FAT KA
MR, TFE TS R A MRS . SRR 7 S A 5 B A SRR, b, B
WA 9 BT A B A O ER S I ] (51T BUTTRIERIRTD) BEERT, B
BEAR g 28 /DA — AN B AR T A, A AR T 45 25 47 (Cold Spare
Gate, CSP). flt. 5t 5171 (Priority-AND Gate, PAND ). B 4H5%["] (Function DEPendent
Gate, FDEP) Z&U741,

BT R B RS PMS BT VA E 2SN EZ A1) RBD A4k
9 FT AL, 4R R4 FT B4, SRR ms/hEI5&E, RERBRFL Oo
PRFD WA RECR T HEARITNEA (RS Mamkt. B 1-4 Fism
RBD BRI N 2 B B FT BB ] 1-5 Fis e

5T RBD Hiffds FT B )5 AR T DU b b B BOAH G 1t () 1] /L, {H
re A B S oo A E Bsg i, ARG E AR RE, 2 SEEAN R
G RAEETER, KRFW A BRI . £ RBD 54 FT BRI HAL |,
Somani I R R 1-2 B BiAR %L (Phase Algebra) SRIF(KZ B B FT B &
AL, FATE PMS BB BOH S E IR N BB FE R, BRI A, 4t
MF. W5, Ma 55 Trivedi U MEH BB S /R RERSS &, BIIHRRE, ok
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FRIAA A I BEA A A B 4E (Sum of Disjoint Phase Products, SDPP), F R4 H]
AATSEE LR N TOPIRES A S, #E— PR T E R E R . BREE — R
AR TT IE S R PG, Ha2 FiRR) RBD B8, FT B DL S AR R AR Y
AR R e H T oD iR PMS 840 #7 .

% 1-2 PMS [ BefR %k

AA > A A+A —>A
A-A—>A A+A > A
A-A -0 A+A —1

B BE3R Rk

W Br1 3L B Bra sk 2k

)
A ATENATENA
@QQ@QQQ

1-5 FA PMS 561 Z B FT A 8Y

(2) Yok BRI

5 FIREERFEEL, Pk BB A] DU SRACHR YY) PMS. EALPR AR () PMS
ISy, JE TR S ISR I @A T VA T AR 5 P T S (AR AL T IR A
PR IR AL HE — ok 5K & (Binary Decision Diagram, BDD) LA A&7t BDD #:fifi
AT Y KA =0tk KK (Ternary Decision Diagram, TDD). 2 {i #3555 A
K2 A2 YR K. BDD B i Akers!”M T 1978 4F421H, BDD & T&HK
73 (Shannon Decomposition) 4 [F] L3 K (DAG, Directed Acyclic Graph). [
1-6 finEA f =(a+b)-(c-d+e) i) BDD EEE R,

BDD AL B A 45 5 dRA 45 5, AR R U 5 OPRNAL L, BoR
A BDD FrfRERI SRS f . AT AR NAEZA 4 N, A4 45 AT
Wk 150, RmzIEA S SRR HHRES .



BE e

RS
, 1
Po-bo
0 oéd)
R
%
16 f=(a+b)-(c-d+e) ¥ BDD 5

1985 4, Schneeweiss 25780 BDD J5 2 W H T AT FE M 84K, 1 i bl A 70 4
1A BDD B BEATH 590 M o 1999 4, Zang 252358 — k2 H 7oK BDD 2 3 ]
F PMS A FEME BB 15, FRZ N PMS-BDD 57k, 1% VETE @S £ B BDD 5
RIS 25 RGBT BeAH e ME, R B BeAR Rt BDD BEALIZ AN, PR BOAH O P
f (Phase Dependence Operation, PDO), 15 % 4t BDD # M fajft,, KK | PMS
AIEEVER B AR . N 21 R4l 2 5, BDD BIAI/E PMS A SEME AR
BT HCRHIY R, Xing 2RI H BDD BYXT PMS HEAT ol FEPE 4T, MATEERE,
RGAE VLS BB 2 2 AN A BE S PMS HEAT TIFFT, T IRERH 7T X PMS K
S, BRSAFPREHZ D BRIPRESHE RE, BB AZOIA—E RSB RS
[P35, Xing 25PN IOIZp &2 RN SE B i« FERI RS R IR R 152, % BDD
R AT otk , X E %M TR PMS BEATE# M. Tang 25 UDE A 5 AR 5L

(Dependence Algebra) fix A PMS-BDD 14!+, FIH BDD 1586 47 1F 2 2Kk 255 X
(1) PMS AT 75T, FRGFEMIN £ S BDD BT o, 1RHE RSN RS T
RAEAEIEMTTE, WATEEBER PMS BT EEMES T, RN 5228 S s
ANTEATE S AT BT XL b, WF RN R R, EER, KERY# ¥ BDD
AV HEATIZ 48 Y 2, A TDD. MDD, MMDD %} PMS A 5& 11 2 485 o] 53047 HF 70
Shrestha Z£1!7) U815 | MMDD BRI 245 PMS HHT THF50, HEE PMS Hotff Nl
ZAAEI, FH MMDD #ENE 57 T2 PMS #1T 7 HF5E. Xing
P H TDD A A28 58 NI X PMS @47 8448, JF4E H TDD A LA
411%) BDD A5 A T N 3. Mo 482515 il MDD L 8Y X A74E 2 < U U PMSS i
AT THEFS, JFiES 551 B MDD #5784 Lk PMS-BDD A58 5 Jin & 44, »

RAEPSREBAAE PMS nIREMEEBEHEEHERZ A, (He KA EsEZE
JP )1 @, 72 BDD AR, AS[E]RHE P SRS B 2442 B 22 48 BDD 58 R RAR
FAAEAE BRI A 0L B i, (] 1-6 ot £ =(a+b)-(c-d+e) KR EHF M-
a>b>c>d>e, WHRLEHFFEN: c>a>b>d>e, NH BDD #A K 41K 1-7
e XECE 1-6 5B 1-7, AT LLERIE 1-7 s i) BDD AT S 2, 455
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IR, RIAN[R] (422 e MU AR B i) BDD R (R AR AN [

/O/@1
g

1 0
1

@ 1
@ﬁﬁa
/1,0/; 0 b

&
{17 REHF T f =(a+b)-(c-d+e) ¥ BDD

B AN [E] AR EHE 7 SRS 6T PMS A BDD AR (15200, Zang S 230%) L T
Fii PMS 25 () BDD HEFr 5, B Beal i BUR#ERE Y (Forward PDO) 55
[ B it 4 (Backward PDO), X S 24 4E i) BDD MUASLEAT 7 XL, 15t
B 1 Backward PDO FrA: i (1) 524t BDD FUE B /N e Mol®2): B3I HE 7 S w3 AT 1 adk
— B HIWEIE, X DU HE Y SR < 5 R0/ S 1 B Be iR 47 (Forward /Backward PDO)
PLAHT )/ )5 7] $5 Bk (Forward/Backward Concatenation) HEAT T &45, FEXTASFE A
PMS anf iz B 7 SRS HEAT 1 B 7E

AR, PRIREIRBA G PMS A SRS oA B3 s, B S
D R EIERE ARG, TFEACRES, T RM PMS RREE S 2) KK
BRI PR, AN CSCEE i T LA i v 2 B 280 PMS WIEE MR @A . [,
PR BB AR R IR 2 B i, FERSSAE T PRI RUA R Fid 2 — P
DB, ML T AAELEE . B RIUT N PMS.

124 PMS AIEMERIENSEE A

FEATT R, AT PMS @7 E R KIS SR T EFAT I, sty T
WA AFRAIRAS 23 (B # 7Y (State Space Based Methods), -5 Markov # 7Y 7
ELL K Petri WAL 7% . AR HEA AL RPIRAS (A BRI, B T 1 K B0mT L4y
W B—RMZ NG —EETE, ZERED PMS /BN — /S — R,
L) Markov 158L, KA BT BCEl R N 1% Markov B8 . 25 2R FRON 40
TR, R EEA AT, AW BRI Markov B2, SRS PRI Y
B T] FRPPR S 22 1] F A 5% 2R B B, AL PR BROAH S 1) i) R

1980 4, Clarotti 2531 % Markov A1 5] X PMS H#f 5t , FIH Markov
B REPE, X PMS FAEE v B oA B SLHEAT T, BEJG, Alam P4 H
FIFHESEN [A] Markov B8, #2458 — RS IR RE, BB MBIV AR

10



BE e

K, AR B B BRI AR AT T 5, AR B R G AT S22, [FIIAE1Z 075 Alam
WEFE T B B[] [ 5 5 B B[R] AS [ 58 AR L .- Smotherman £8P H R FH HE IR
Markov id 2 (Non-homogeneous Markov Process) X [t BEH TR AN 52« JOAF R0
YEAZ IS R AN 5 ) Z B BATE 55 Rt AT T 9T, FFRIHBUE T7 0 R G mT SE R it
177 KR . Smotherman ZEBOIN A AEFF IRk Markov *Jiid #2 (Non-homogeneous
Markov Reward Process), Ki&EANHr By RAAR IR N 2 RG] F & B P b
Dugan 55 P7Mi S WA #2402 Markov 8L IR 7 VA4, K B B d sy B shi 16 e
Bt Markov #%8Y, FF44 24N Be i) Markov #8453 948 — ) Markov #<4Y, A7
RS — PMS @715 Gi— @A VE AT DU I Be A S S A R v, [
KB BAH SR A FEMEFE , (24— R EAE A2, AR Be 2R - 2B B
TP A A e 5 2 BT OB AR A, RN, 2B B AR AR SRR T ETROR T
PRAS 7 [ Y RPR A& 2 [A) JNE 1)

R T SRS — B ITIEAAAE R R, ARk, PMS AIEEMEEATVE R Z KA
Iy B EAR TV, Kim S8R 20 2 FIM B Markov B8, S8 5 i it [ B[] (14 i 5 5%
R, NPT BRI TR B E B BN TR) S Bl LA B 5 HAFAE T BNt 1] B FR DL ¥ BN A] 2y
BEALAS & I BANFELERT Bt 18] _F BR & = Fh i BLEAT B 7T - Somani 25094 37 PMS
BRI B Markov 7Y, AN BB TS 00 5 A IR B BRPIRAS, BRAR 1R 1]
PRE R, [FI Somani % EF K T AL . Wang 2R ] Markov #5545 7
FEAHR R AL PMS #EATHEFE, P REANB BOdE S M) Markov BEAY, 2 JE R4
BB RGNS R RE LI SR, BAH B AT THE, 1381 RS &M Beas it i
RO EEE . Wu ZFOUTE 2 S B Bt Markov BB R FE A, S84 N FH AT IR) BBz 5 1%
(Forward Euler Method) 5 8 #%- 235 7775 (Runge-Kutta Method), %37 Markov #&
R R R IR, £ — E AT Bt AR RDIRAS 25 (R I ), PAIC AR
BRI AR S0, e m T T AR .

SRR, R ZS AL 7 vk ] DL PMS Ao & R RS ) A R 3K
I REHATVEAN ) 2 5 3R, (HR TR RS — BT 1R S 4 B AR T vk, AR i
FIRZA R] R NE 1) R, HH AT K 2 s 88 N H ) CTMC #BAFAE“ T I 2R 3%
THEAE I TA] I N FE B A I — B, ARORHBFR I 1 HAE PMS ZAH 1 R

125 PMS AIEMERAIERIL A

AR, N T TeIRah AR R R 2 2 TR M 1) L 2 MR R e IR L b
Re BB AR RO R ISR, 2 SE ) S SR S H SR A, R
BeAr AR PMS AT AR, IXAEAR KRR b th S B KA e a6 AR EAT e v IS

11
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2 R EAR, PMS BEHu b 7 iR d i R A IR A 2 AR Bk %) J 2 A
BUBHATHER, SR )Tt H AR 1) 7720 RGUZ AT @158, (EIRRAR R FR ik
AR R R, (45 H A RIRTH R RS A s B[R] ] DU 3 248 2R 3
A7 AT VR %1 1) o

Mura Z5°0Vf ] Petri-net 5% 5 Markov B A%} PMS B B AT N SEBEA I3
BRBAT R AT AL, BFTE T PMS B BOk B 5T — M BEAE R 1 RGO G
—REERIG 0L, SENASER RS — EETEAR L, ZOTET R RS, Ou 5
Dugan ZE7F| L 7715, % PMS (RN BRI 2 A BT A, IR
LA HE % (Module Joint Probability) X —#:&. Xing Z568%} £77E H: R 2 2
PMS BT T W5, B AFTE LR R B oA 2 i, FIF BDD A AL b E A7
AT . Wang SEN SO AEAE4EABAT I PMS 347 TIF9E, R IeHHE N —
ASFPREELEL, FIH CTMC X 4EEAT AT A M54, FAIAH PMS-BDD J5 7%
X RG] FEVEREAT AT, Lu SFEP5 B AEAE B To A () K GPMS, £ 3% A A5
B R FR 5 NAT NIRRT, $em T ERER.

1.2.6 ik B SR AY R H

ZREPTA, Xt PMS @B IR LIS 1 MR, MR 1-1 7, A1)
DA Y H BT8R 1928 F PMS AR A BT ST B BE B BU T [ 52 <22 AME 55 I
FrifE HOUE IO R X PIMBRCER R 1 PMS AR R XESE , ity HL R 755
ERZEIINR PMS (RS B, ERURKRSES T, KA. WERE. K
FHIRAR T S i 3R AZPNAE — RIS UL 55 02 12 MR AT e s 2 O I 1)
L MEREE PP R HEAT, 10 HAE — AR 55 RIS 2 2 BB ME S5 HR I, BRI
SCX PMS A SR AL BRI Tt e i T I P AL

HAE PMS FIEEMERIBT AU Z , IREEHFE E AL T X PMS @575 72 it
T H AR Z H) PMS @R, JCH AT 52 i A e s oo iR I R 20y
AT BE RS F R AT R IR AR E A, AHRAESERs RN AT, JCHRNIR RS
IR I R G, KRB HTeiE 7 B8 IR F A I 18] A IR M5 B A, 12
AR M GRALL T AT 2R 7 AR AR R AR S A, HEAR R RSN 2 R A s £,
b, £ PMS HIBTFL 25 B ARSR B AR AR AL B . 10 H ATAE PMS BRI HE 7T
25 SRR R AT EE RN S DA Petri W5 AR B H2OR AT
PRSI, M TR AR Al 2 TR S TSR TR R Aok,
AR RHUR R GRS T SR R G, XL N . BRIk, W {Es)
/2735 PMS W AR H A, (RN U077 FL AR B Be, L ARSR

12
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Hor A NIzhA/ 24 PMS IEITERL, Xt PMS IR, PP S5O0 AR 5T %
HE,

B, ASCRHAEIA I PMS BT AR L, 455Kk PMS HAFAE
R ZFRFIRTG DL, BN R ST A A IRGEZ ol BERLI R BBl R 2 A8 A B0
PHa, B0 B RS L T 1 PMS,  [R)IN) 2% p& Sz R TR oh To R 1) 2 R AR A5 e #% I
] B A TR B AT IS DL, 3R AR N PMS @873, @S ARFR A T 13
&/Z 7 PMS AIEEVERA, XEARITEOL T I ARTE Esh &/ 2 & PMS #EAT @8, Jf1E
SEFLAL B BEATARSRE0 AT PMS I TLAR AT ST .

1.3 BXHEEMRARTSEN

1.3.1 BXWHARAR

F & B IR ENAS PMS Hr T 1) 2 8000 A B RS FE AL I 18] 73 A i AR TR £ o)
A XE L AL G CTMC AT BB e R, AL AEFREo0 A R IR 2% PMS R4
A SRR AR SR AL IR HATI ST, P PMS @A SRR 7T, E AR N
45 -

(1) HRYEZ TN Z W BUES RG] SV BT

FEIA BT T 2l E Sl NFEFe 8 A, RS- BRI RS (Semi-
Markov Process, SMP) 3} &4t i I AT @28, FIFH PMS-BDD J7 iR
BRERBEAT I FT, [ R EE 5 7k06 SMP W 8 2 Ry it AT e FE T 3, it
Monte Carlo J7 V%1% bE BB EUE T ARG B It 5 e e, B, @Al S T
BRI 2 0 BAT S5 RGO 715347 B .

(2) FZEFENLP o R Z B BAT 55 RGP SE I AR 7

RN (D KRG, ZEE NS TR E A PMS, fEdH T2
I 25 18 &R 4 52 BB o Fe i DL S v 25 R gt i o) oo, A AL U7
%, K BEL R R RN AR T, R Markov BB AR (Markov
Regenerative Process, MRGP) X i 5200 T BN A AT 404, RIS XF AN [F] T
PEAT R FE M RO AN R I O, AE [R] — B b [ I 25 R AR PR ke S SR AR ol
HHEI, fEHH PMS-BDD B4 AR AT SEMERLAY, i ST B AL R R
PMS AJ SEPEREAL,

(3) ZEHZWHrBATS RG] SEVE @7 1%

FIEMR RS o F R ARSI R I Z S 0FRE, H i TKIHE
SPRFIBAT RGBT, HAATBZEZH B RS (Multi-State Phased

13
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Mission System, MS-PMS) AJ g BT, £15%F H 5T MMDD #5283k DL 58 B4 1A
2T Z W BLZ R OG I ) /L, 42 tH MMDD #5281 BeARE B . PMS-
MMDD 777%, MHEAES ) MMDD #883 PMS-BDD #5281 5 N fajvdi 2. 7Rk
Bt b, 4 HEET Markov BEHTIE R AT B0 AT 2 S AL AR T H 7, FIH
M EIZNEZ 5, o2 BT EE TS, IF5 Monte Carlo 773 AL
BRI R AR T 1) 5 AT b, 1B VR B IR R e R

(4 BERN T2 BALS RG] SEERAL 72

EMRRGH, N T IR G S, 50— e R b T B e &
KHITUR ST S, A5 UAE TS TCRAALAR T, 4 R S0 R FH #48
B A A0 I R G0 T SEVE AT AL 7, T P A A 0 R VRS 2% 1 1 R PR
RGO FEARSCHITURIAMIT T, X s i AT 256, BB DT iR &
H T Z N BAT 55 RG AT L, TR UL BRI SO ) 8% 59 (Genetic
Alorightm, GA) [FII X &4 el (A MECEIR G &) KRGS MITSG AL
W

1.3.2 IRV

ARSI NNE, HSEIRELED A N ERZ U BUES RG] S
A THNEX — 120 WA RIFIT T B SCHLERAEZ NI 1-8 o, T I ZL
PMS [FIA . DAt e By IR B BB B O K B %

BEREENEN:

BN ANE R W FUHUR DR AR SCH) T ZEF TN R S 45

B EA RS PMS IR AEB I A A AR B A 1 1, IR AR
Markov IR B AERAL 5 3%, WAAAEAT BREEMZ IR 2% PMS BEAT @AW I

A R B, B SR A BB R A AR I e, IR
JEBEAL I 7 2R R R 55 BN AT & SEBr TARHITE I, B Markov B2 A XS BEHL
MR R A PMS IR AR 5 VAL

FIYEE XS AT 2 PMS oot 23500, 850 MMDD #AL LAt 1,
ettt PMS-MMDD #d, 215 e AR fa K A 2 25 o, @arik T Markov BB
PRI 2 A ASFBAR T T

EHFAEATT PMS BT ERIEAE B, £EXHTUR PMS R &2 115
%, SHEA & T 1 PMS FFRILR AT A .

ONFEONE R SRR L LA R .
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FE AREERTHSMRESRETERERGE

215|5

RZEIMR R G H 2 5 5 WA BN R BN, 77 A R Dy Re ) ot 4k
[FR B M ARIBES, BB BAES RS WAMERIR RGH, N Tk
TR = ) BRG] SEVE LB S AT 55 58 BOR  FEHEAT RG VTN, #7 oCg

(N PR ZEIE R g R BOFENLEE) At B &4 7 kg = R
GualHEPEDS),  [FRAE A RS TEIR, X BT A R4 B4, 2
m RGN EEN.

H 56— =R al &0, B AT PMS A @A 7 4 T 2 A HIRE 7 A A A
7715 LA Markov AR IR 75 (BB A AT DL iR SR 40 1) 52 % 8hals R AT
N, WAy 4E1E5E . B Markov FAUNF PMS AT @A 77 5 2 EAHE IR
— RN G — BT RN, G @B A PMS RN R4
i — G — 1 Markov BERON RGAT S, (HRE S #7233 Markov
FERPIRA T BEHEE FE R, THREBONE I, (RIS H B 465 8 U 75 28 R4
[¥) Markov HEi H 2%, B PEECHE s B8 SRRR 9 “pir BUBR L AR g v 00Me ) i By
ST AR T 0 X AN B B ST PR Markov AT, JeE G0 HE B AR TR K RS =
8], (21X 7 V25 75 2 R AN ] AL BB B TR R AH ORI 1) f . SRR A BN R R
TOH R Z I, IX PR Markov #5284 2 B IR AS 25 [A) A E 1) i) R

AR, T GRARIRAS 73 (RIS 2 PR IR A 2 AR M r) R, ABE e A 77 91000 167058 K
ENHT PMS & 2@ s, BPiER FE B REHITHE,
it Markov BRSNS RGN R B GEAT AR, PRACIRAS 2 R (L, SRS
FAHGRERRNT EJEBR AT 4087, TR BobH G 1 o] @Rk AT = R B . BT 7] DAZE
b PR R G2 B A AT DN [R] B DR 22 i B s S R IR 28 225 TR ASE Y 7 Y IS A AE IRPIR A 2
(R AE ), AL T VA R B N T 2 B BT 55 RG] S s 5 40 A

HAT, 4RZ 820 BUTE S 2R 50 0] 581 G5 Pk 7 VLR a2 i 7 AE SR AR 1Y)
PR HEAE T 8] IR NFE B A M e 2 b, DABE SRR N AL 55 K Markov 8%
X RGN ENAAT AT IASE, TAX AE SL B () TR R A ORI BR ], 7E T AZ 5B
REFH A, JEHGRAE R TSR R R MR RS, 22 HEE A B 2 80 I A 15 R P 48 4
GyAT, BN, R R R A AT 7K o A BT e R R B o A . AR TR AE I
BRI Z W BUES RGBT AR 6 B, SR SRBERIE T ZIE R
G ToA O U YA I [ A BT B0 AT I DUREAT B AR, IR N BB T
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B AR T2 BUES RG] SEVEERUNE

IRBPR AR P B B2 AT s JE I DATH B, SR G R 2 B R RH RIS AR S s
WTT XA BRAERE S 1 2 i BUTE 55 R GEEAT W SEME BT R I 2 .

AEE ) BTN AR - 2.2 T E A AL U7 ) PMS-BDD 7.
2.3 TN ART A TR BRI R E IR LA, X TR BRI R R R 5 HE BR 4
1& R G0 (1N AT A, RIS N BB TH S 7 o R g AT AL SR A, It 5
SRR TT IR AT R LR U B T TR RS [ SRR . 24 1SS
T RMEEPEEE RGN TSGR LS D RRER S AR &
(AT 4 1 R A R AT VR4 U B

22 ZMBRESRGRRILSTHE

BT R AT R SRS R M S A 7, S0 T AL
Jrik AR 2 LR 7 R 2, IR T MR B, 7E0 RGN %
RTS8 7 6 LB B T RS 22 WA B . MM 7 AR AL 2
TP AN B B U, B R B, F LB, R
PR 4 LR AL L W 1S AT, B T IR A0 P28 e
{77151 Ou 55 Dugan 517HE 2007 441, FAEMLIIETLBALR: 45 RGEHIR
R4 BN A LA OB, 7 AE 365 T AR BEHORLFIIR 262 ) R
{752, B AR PMS-BDD HUELATALTE, 4 RIS & M b 7T 3
R, E R T LR A RS20 BDD B, R PMS-BDD Jrik
SECGE ST

PMS R 453

L _LERE

_________________ Y W S
OOPEO _do
ML M2, E ML, M2 MLy M2y

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 1 T |

K] 2-1 fHefl PMS e

PAN 45 & BRI, 181 2 25 22 [y BUE 55 RSB R i e i . 58
—ANZ=HrB ERAER PMS, AR HUE R i 2-1 PR .
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RS HAL S B 2-1 ) PMS JEAT 208, SR B SRR AR 4 DY 25

S8, AT B, K A R R AR SR B BOSER AL (14 S5 U 43 S AR
FRSL I B . NP BUSLER SO0 S AN AR S 1D SR i B
IRESE, BHONETANREMNAE: 2) B R FE AR B HUZ %M
BB 7B, I HLBY B S AR T AR BN . 7RI 2-1 H, BB 1
WAFER AT BUSIEL{ A, B} 5 {C, D} WYBL 2 M e AN B (A, B E} 5
{C}: WrBt 3 Wb G FE AP BB (B, E} 5 {D} .

B0, WA FEM B BT A E, 15 HH RGBSR @i ot
TEARFIB BB 3 6 IR RGOS, 7EARG]F, —JLEHEFA RS
G B, 48 {AB,E} 5{C,D}.

=00, HhE PO E A ECE FS R B EE R B aE A
WO, ANV Aty WOREAROGEE, W HONZEhASEL, SRR BB Boh A
AR, HO S TEAREI, B {A B, E} PEEREMT], B
P, B {C,D}h REFEIT, NEHABHR,

VD, AT RREE, SRS AT U B T S PR PRS2
(IR, )40 By IR BB . X T-HS R ) PMS-BDD J5 %11 545 3 A
B B

BIE, BEMEIAER A RELHIEN RS, FIA PMS-BDD A%}
RGIEYA TR AT SRR, 1325 TR T R T 5EFE .

X 2-1 Bz i) PMS AT VHELS, SAEHUL BT A B R R % 4 A
RS D /REBFREE, TR HIAESE 0 Markov 587 iR, 7R BSR KL 32 AR
DL RBEE, BT DUE H, B VETT D e R AL BEAEAE B3 R AT N
PMS, X tH A HLAL 7 v 5 B (R 5 . R TIA42 T R R e i 8 R e vy S
R R

2.3 FLRPKEE

PLRFHRIS R Levy B Smith P4 HITE 1954 455 1955 4F42 IR
Tt Eod ey, HEREERRAE L)\ AR AT DLZ W 58 35 HH N H SR ek 72
BUB1, 90 G, CiardoP 1 Perman®HEE 442 By /R B} R #8251 N AT 5 4 4
o TR, BT AR AR AR R B A T T AL S, Dy KRR R R A Pl SR
AU L R R 2 ), AR 2 By SRR R R B IR A O A — A T R

Vi Zep
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2.3.1 FG/REEKIER

(1) SRR E B S
BRI EZEREAM{L2, - MINERTARE, HIEERERZI1 TR
AU —A BN R (X, S} ={X,,S;ne[LM ]} Kb, Heps #n &
G TARRE RAEBUN Z S, X ARG ZI S, FIRGIRE, Wiz 4EpEl

AR {X, S} e &
Pr{X,.=1§.5

=Pr{X,,,=1i.S

n+l

~S, <t X, =i, Xg; S, Sp)
-S, <t|X, =i}

n+1

2-1)

WX, S} AL /REREHFH] (MRS, Markov Renewal Sequence). FH i
5 %1'S, =0 3 FLA T B [ n #5352 S, . >S., W X_ 5S40 BN ZBEHLIE RS n ik
IR R GER 556 n YORS BN %1, 302-1)FIL T MRS HITC 5 8k,
B RGN 21 S, 2 J5 PR A S Z S, 2 BTHIRES (Xo, Xyyoory X,y ) B, W5 243
I PR AS X, HSE

5 I U SR AE Ty R A K RS, TR n(n21), WA R
Q. (t) i f2 41+

Q'J(t) Pr{xn+l:jvs —SnSt|Xn:i}
{Xl:jlsl_sogt|XO:i} (2_2)

Pr
Pr{Xl= j,Slst|X0=i}

n+1

3% B /R BFR BB 7 21 ] 557X (Homogenous) /R EBHR B 741, Hi(2-2)F&
AN HPRES VRS 2R IO IR A Q () 5 EARAEMFER I n TR, REK
RS ERE R G PPIRES T, A%, Hodr, FAFEBMFRIEEQ(T) :‘Qi,j (O NZ
IRBIR BB e 51 B N A R
(2) FLIRERIS S
BT =R A ARF RS RENRERFA(X,S), &AL
Y ={Y;t>0} Jyf-E /R BRI R, TR B
Y,=X,

= Xp 120,5, <t<S., (2-3)

ForpN () AT ot R, RoRBENUEFEY, B8 N (t) JORES L, H R R
P R 22 HRBERERIN TA] A0S, Br= AR, IF HoA HuRR RIS R R AR X 2
BRI R AL S, EABA LG (Memoryless).

FE T SEPE AN FH e /R B AR Y 1) 3 2L H (1) A2 SR AR R S AT S 2 RS
B, B REMREMEBH D RM RGN AL FEEFR bR, € 5
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o(1)=[0,, ()], 6 (t) WI/REHGERAER 171 BE[0,t] Py MOIRAS | $685 FARZS j 10
SAFHER, U6, (t) 196 2 T /R A o Oy RO,

6,(t)=0, (1_%:@,1 (t)]+gﬁ Ak (1) 6 (t-7)dr (2-4)

:/H\:E!II, qi‘k (t): in,k (t) ’ Gi’j:{l, if i= P

dt 0, if i#]j
HLAE 0 (2-4) AT SR A2 T R R B R A B R ME SRR O (), % T k)
KR FRAE F R 20 RGERAS 8 P (8)=[ R, (1), R (t) ] AT
P(t)=P(0)-6(t) (2-5)

Forf, P (0) At =0M %I REMARR, B RGNMERERE.

232 FORPREFENKETERE

R TAES CTMC, SMP HPRAFEREIS (8] 73 A0 T LUONAE & 20 A, AR A SEE
AR RN SEPR IS L, (R AE ] SR S R TZ IN A , R
) —ANFER R, FENHAER S A, Bl R oA, Q-4 R E R4
HMELMF BT KA, X — XA R HBFR ] 1 SMP 5 AT SEPESTUR I AN H o BT %
MERR, FEA S AR FH OB T () 7 125060 S 28 AR 03 HEAT R kG B AL SR A, Bk,
S 2 E IS 330 P X i AR AR B I (A tEAT B ERA AL B, SRS R FH R T AR 43 P

(Trapezoidal Integration Method) XJ &2 #EATILLITHEL, 53 Q, (t)5 6, (1)

IEAME . fEARTTH, DA—MEEA RYEE R4 &0 RS 8 BI%F SMP 1R & H
BB VIR T SRS B AR AT R AT

ERGHEFEMATTH A M B, o A NIER TAESME, o B ARGA &
Wbt HTeit A SRR, RGie @V EA & B, VI aA] DLZEE AT,
AT R GuAEA A BRI S B R 0 Tot A #EAT —IRYEE /& e, Toit A IR
8] By (t) « 4EAEET ) G, (t) S o fF B 09 2k &40 R] Ry (t) #5 l AAJBRAT 7K 43 A

C(F(t) —1-e W), Horh o NHHIZH (Scale Parameter), B ATHIRZ %L (Shape

Parameter). 1% R4t PRS2 K 2-2 iR,

Bl 2-2 T wy sy farlRaR e T TAE. &4 RAEARE, RERE
1,23 NTARRE, IRE 4 HERFCRE . REHPIREBEFL T R mTfik

® IRE 1RE 2: Tk A KR AR ot B IR TAE;

® CIRA 2-MRA 3. Juft A 4B/ B HAE UM B AR ETEA, Joff B 2K

WM Ja & e/ B i) ot A JFE6 TAE:
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® IR 2R 40 JufF A AR/ B BAETTIE B ARBCZATR K, RETK
e
® IR 3IRE 4 dEE/ BRI A R, RERA

K 2-2 ARG S FBIIRES K

HRAE L4 s Ak TR R R IR, A % 1 R IR 25 A
O(t) fIH SRR T 5 Jy DU 2

SPIE 1 R R ORA RS B RGN0 W RSERE Q (t) SR B R MR
BEQ(t) iR, HRAEIE 2-2, % SMP 1 Q(t) 55 0(t) 4+ 514

0 Q) 0 0
-y 5 %0 &l
0 0 0 0
G.(t) 6,(t) 6,(t) 6,(t)
|0 6,,(t) 6,5(t) 6,.(1)
o(t)= 0 0 G,(t) 6.(1) @7
0 0 6, (t)

SPIR 2 KRR RGURAFE R IR 1 35 40 R BT, WSE I AZAERE Q (t)
ATEERQ (1) B H—Br sy g (1) MIFIE . BLQ,; (1) 5 Q,, (t) A, Q,4(t)%
ARG B TETCIE A 4RI 5E L G KA Q,, (t) Fon ok B 7E70iF A 4ifs
%&zm%ﬁ%M$,@A)5@A)Mﬁ¢ﬁAwﬁ

st() {(th St <Ft IG
Q. (t)=Pr{(Ft; < )&(RtA>FtB)}=L( —G,(u )dFB u
LB BRIE I 0,4 (1) 5 0, () 205N

(2-8)
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Oy (1) = Qs (1) =G, (1) fs (t)

dt (2-9)

0, (=229 (16, (1) 1,1

dt

H R, Ft, MRt 700 R R olE A 5oofE B RN TR 5o A 4EiE
6], (2-6) Hopth st &t a] F FIRERI 7 i, AI5i% SMP A RERE Q(t) Av:

0 F(t) 0 0

o=10 O LR f[E-ewpRW
0 0 0 Fa(t)
0 O 0 0

I 3. RIRRG AR O(t) . 26, 45 2(2-10)H 1 P (LR
Q(t) BF—M 4 q, (1) FRNTRQ-4) T3 (0 T AR BEIC S B 7 72, AT 454 I 1) 2
Yy

61 (1) =1-Q;, (1) 0, (t)—l—st( )—Qu(t)

0,,(t)=[ 6, ()6, (t-7) 2 (1) =], 65 (2) 6,5 (t-7)dz

0,4(1)= [0, (1) 0,5 (t-7) (D)= 0,5(2)0,, (t-7)dz 2-11)
unyznggq@Au—ryn +[00,,(2)6,, (t-7)dz
0,,(t)=1-Q,,(t) Iq“ 0,,(t-7)dr

SRIG, RIS TEA a0 (2-10) RV AT SR AR, LG, (t) M, 3L
A AT TSR -

J.q12 22 t T dT
(2-12)

~ Z_[%,z (Tk ) 0,, (t -7 ) +0,, (Tk+1)‘92,2 (t - Tk+1)]'(7k+1 T )

e (2-12) 1, ﬁj o (7)6,, (t—7)dz F IR S IX I [O,t] e B HOA L ANEEAE K
EHCX TE], AR EMEEN S =t/L, HH0=r,<7,---<7, =t . — KL,
L BB AR, BEA DX A [ B 2 N, iZ3E R i S A FR = i), ok
SRR FLSAE, L [RE JHTB50 B 5 PR A fi 2 TR R T B8 TR] 1 2 A S 1 3 K
SR 4: WRERGRVIERIRERR P (0) UL B TE 3 AR HO(t), AR
2-5)H1, SRIFAFEI RGEAT RN LIt FPAREMER P ()
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233 ITEBEERITEMES T

R ST RATHR R, 755 2 SR BRI FE A St F b, IR 24500 F i Tk
BRI RIE R, TR 0 (t) MRS HARATAE, DR IR A B T vk 2 2 A
SATIEALE ST . FEARTTH, N 2-2 RS, BEUET A RS R S 5
RV B R TS B 45 R AT R L, U T T R IR T SRS B S R
TR FE, BN B HLZECN CPU Core i7-4720HQ (43 2.6Ghz) 5 W AE 8G.

Eza¢ﬁ#Aﬂﬁ#Bmmﬁ%\ﬁm%ﬁwﬁzlﬁﬁ,#ﬁ%%%%
kAR P(0)=[ p(t)=1 p,(t)=py(t )=0].

% 2-1 AIRAEHA & D HGITI S5
Fa(t) Fo (1) G (t)

a 2 1.5 1.5
I RG) 10 10 20

B, N BN A B B T ERAT IR, e B X R 1A R
=01, FERGH RS HPIRSHERBEI TR 2L B 28, nl& 2-4 T RIAE BRIl
& s, At E 2y 0.22s.

HIR, B SR RIS BT ENZ R G B OEAT U 00T, SR RIs Ui B IR
BORME N PSS To 1) R R YA 5 A 77 A R R B BENL R R 4E B I T, 4
— IR0 BRI AR 2 T RGN IR BENLECEL, ARSI RGN A 50 ]
15 B To AR 5 R AERE I Ta) R A B 2R G5 1 2R 80 T) - ¢ i 38 I 0T 28 438 2 50 T 1A T
G T3 2 RGBS [ AL AT SENE . TESRF RIS Tk, i E R Z, HA5
B[ R Gt A S OB SR, RN TSR (04 i 2 TR R U BRI ) 2B K
FIHSRERIENETEE 2-2 R RGUIRESHER, BAAN G SRt E 2-3 fis.

fERE 2-3 1, T R BRI R G HPRAS | PR j ARSI ], Ts(n,i) &
ARTESE n AT E P TE SR I RGAEIRES | ({5 B ). @ X Ts(n,i) 41t 47
133 R G SRS ME R BT (] 1t 2. & 2-4 NBUE TS EE 5 =01 5%
RE RIS T B N, = 2x10° B 1R 52 G0 8 RS B B TR) 22 A0 1R ) EE ]

MR ] 2-4, i 2 SR B AR DL SCEUE T AT H 5072 T AAS B Sk 1
ZEH, [FENE, WA EEE (N, =5%x10°, N,=5x10°, N,=5x10*, N,=5x10°
I Ng=5x10°) FT45 2 (1 R G0 ] 52 5 5UE 77 VA4S B AR T X L, EARRM K&
TR AT E R ZEE . P2 M B T A0 2-2 FiR .
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P, BN URH n =0
v

B TLIE AR IAI AT B 0y 5 frn
{7 B BT AR KA I T, =T,

v ATs(nD)=T,
FRAE T ARSI 6] 23 A5 S50 Qon 5 Pen » T AR B TTAEARIE 15 7] Tea
AR TCHBII RN S A 5 By » i BASRCHFARE R B H] Toy

A

iy
Fm

RAETCAEAR R T D AT SHL Tealy Pra
PiEAFRITTIF AR RIS TA]) Toy = Tey

Kl 2-3 HERYEE A %0 E ] MC 15 Bid 2

lﬁ T T T T T
*
ool X 0.698 \\\* e d
* 0. 697 ~ o
AN o
0.8 \ 0. 696 N g 7
X N /,:,/'3/
ol \* 695 h §a i
' \ 0.694 — — W& (R
y 1195 12 12.05 & ¥ CRE1 GIRER
3 0.6 \ H — =R (ASE
= 7 ¢ ﬁiz (jﬂu%i?
> —RA3 (FESD
s L L e A v k&S GEREDE |
= \ @ . 2 — — RE4 (EED
£ ¥ « O k&4 GEMEE)
W& O\ ;z/ Q

inEIVEN

2-4 A7 PRYEAZ 7% 2540 S 2 IR AL A B I [RI 2R A6 0 P

RN 2-2 HANFEMT A T IR ZE At S (R RO EE, AT RUAEL, BEE 1 K

24



B AR T2 BUES RG] SEVEERUNE

EIIZBIEIN, SR RIS ITERI HA R 2 M U HOR A8 IO B A SC R
SERUTANTTVE T A3 BURIAR 10 SERF RV iR 1 FL 45 R Bl o5 17 1R i 85 ok
R AR, DRI, FRATT AT LIS BUA SO B (B E T SO E T R AR &
I BAEFIREAS I EER N, 2B T S5 ik T SR B v+ 5 Ris I HOy
e

R 2-2 BUEINE S0 AR H R TR L

i e &= 5x10? 5x10° 5x10* 5x10° 5x10°
CIEACS5 o= 4.96x1072 1.98x107? 4.37x107° 2.75x107° 4.49%10™
CIEACRSSP 1.10x107? 4.27x10° 1.04x10°° 8.16x10™ 2.66x10™*

i EAT S ] (s) 0.69 5.37 60.59 773.44 6062.06
2.4 EHI3 R

FERTCH, BTN T PMS BRAL T IR, 45 & BUE T TR SR BER
AREAE R SRR A R N AT T 0. AR O A A BRI SE ] —R A T
BB YPUESER R GG IRYEE T2 BUE S RGBT 0

241 DEZETHIEFTHI RS

SR E P TR PWERIRS I B 2-5 s, HESPEEK RS (MREHIER
4%, Altitude and Orbit Control System, AOCS) AN D E KRG A AT 8k 128+ R
Gt, RIS RGN 5T B E MRS BIE IS AT B 275 67 4RI S AF 55 B B I
BB TR 5SS, T n) 42 i sl 3 i Se i 2 880 - AR B R 2K,
LRI Rt e 6 4, T ERNEFdr AR B AT SERE>0.95.

PREEPE RGO AR T RER: BH T R4 QURE T RS 3T &R
gt, HTAEREME 2-6 Fin, RGUEBURS TR G LENESMERES
BRI mAEN T RE GUESEGEN), REEHTF RGNS 2SS 28
HmmEAHIES, WIG3 1T RGRIEIE L RN R LM 5 B A R
VRS, I A ARG AN B R R B R ORAIE TR AR A A i B AT IR S
5#iE -, M ORiE A A ek I TAE.

Bl /KRB OFEIEERIHEL (A LA SHTHENL (B), BUEKSETREA
BFRLLAMIREUR S (O HF KHBURES (D). BEEURES (BE) LUK =FFREIRA
% (B, ZhhTRGAHEHER KD, BHRKHES (490N Kl (G LK
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AL IAN
=

HuEEH/MES (45N HEBESS (HD) MEAED (D, BT JutEi 5 dr /418 50 fi
SN 2-3 i

K 2-5 FR TR RS R & -
e R RS 9T RY
HOR A4 PO 4t S
oy H — N % PN
— S — ez

Kl 2-6 TRZEHMIERG TARRER

RIUE S
T P A A A

*2-3 PERZEPIERG T OIS

JufF a B (/R
A\B 2 500
AG 2 300
C\D\E\F 15 1000
EG 2 300
G 15 1000
H\I 2 900
JK\L 15 15000

WRHE B EAEAFIB BUR 258 AL S5, 573 a0 =N K IIE Be: RSB
Bes BUBF I BLLU R R F AEPL TARRBL RSB BO R 8% 2 G 2 1) i % )
iR I SN 25, FLE Bl M AR R AN ] 2-7(a) P . B s Hk 2 /i
B Ja N KRR S, ZEr RGE SRR T F a2 IR e B E |
KPR HUBRA AR HUBRIE AL 22 UORHE TR A s G R AR AN T U0 R
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I 5 R S A N R R, TR BB TR MR R B0 5
W B R B I 2 7(b) R . TR RN E R AT B, R RS IR
I TR R R A, RS AT A, e TR OB R 5 L
s 152 PR B B RISk S 5, S B O 5 41 ) 2-7 ()BT

M BE1R AL

[

CSP CSP

BOSoe

I

CSP c

5 [
@@

2-7 T ARG Bt iR
(a) KB (b) PUBFREIBLG (o) IR IR B

242 DEZEPIERGERRUWSH

AT 2-7 PR Bl B A A, RN B R R B A AR AR T,
REZAIREARADS SR Bt AT vl SE B AL i, WIRRAN B B AR RLIRES
BEArE 2, SEOTEE RN, BAEARTSEGI, RS TE

(b
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Iy RPN DR BN R G AT v SR T B, IR T,
AL R R LY B R 5, RIS, il AR
B a SR, ShSMEUR A SMP 58UE 5, B A PMS-BDD 5
TN =, AR AL SRR DL 2 &K nT SERE, FIH PMS-BDD J5 %
SR E A
T, BAVER REHATHRIACAE, RIEBHA T E R, BT e 2-7

H (R SRR 3 s DY AN

m={M,, =(AB),M,, =(C,D)}

m,={M;, =(AB),M,, =(D,E,F),M;, =(H,1),M,, =(G,J,K,L)} (2-13)

7,={My; =(AB),M,;=(E,F),M;, =(H,1),M,;=(J,K,L)}

Hodr, 7 (1=2,2,3) oM B B LAER TR S, M, RRFER BLI R | .
M(2-13), FRATT AT LU BB 73 BB AE A A (B B A B e R AN e 42— #F,
it M2 FERYBL 1 L ot C A D, TERTE: 2 ooeft DL E MTF, 7ERTEL
3Ttk EANF, MRIEEGHEE, AT LUK ES I BOR BT 51, &K
1T 73 DY A 25 By BB R -
7={M1=(AB), M2=(C,D,E,F), M3=(H,1), M4=(G,J,K,L)} (2-14)
MR (2-14) T IR ERAL 702, 1% 1R 2% R G RAL BB 1] 2-8 o

FERSHAL A vy, A M EREERERAC TR — N B . AH R ST IR
| s Rk |

B Br3R AL

B BrUR 2K

[ ML | [ M2, || ML, || M2, || M3, || M4, | | M1, [ M2; || M4 |

K 2-8 LR RGP IR A A

FE ] 2-8 HURAH AL iRy b, 2B 22 B2 A BN Y, AL i fs o A
AT, PN 2 B BLAE O SR BT R R AL i R AT B A AT
B, MRAEE 2-7 R, AR RSB BB Ui B BDD AL A 2-9
I
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2-9 PRZEHIE RGN B BDD

HH SCHR[23], MR 5 M B 14 HE /7 (Backward Phase Dependence Operation)
MR giAm e 5o B et e, AR 548 BDD RSV, BRIAEA S i e
AR ENT ML < ML, < ML < M2, < M2, <M2, < M3, < M4, < M4,, FIH]
PMS-BDD HiE# R4 =AMHr By BDD BT AL S, AT LA 3 =ANH Bt & 1
A%t BDD #%8, Uil 2-10 ffras.

[ 2-10 TERHIE RS RS BDD K
M 2-10 1, ATAT LS RIE R4 BDD A A, MAELAT e ML BI4&A5 8
0 HAT 4B MM, MM, o WU R8T S B AT 160
Rys =P(MysM, M, M, ;)
=P(M;)P(M,;)P(M,,)P(M,;) (2-15)
= Rups (Tu) Rz (Tu) Rua (T + T, ) Ry (To)
Horr, Ry (T) BB M, 1 =1,2,3, 4ERZIT WAl 5 E, H AT, =T,+T,+T,.

H13(2-15), BATHT LA, AIHEAS RSS2 5, JATHAT
BRRGHI A FEE . T, BATEE ] S AT 5T 0 M.
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243 BHRERFZAIREHEDH

RIE(2-13), PEEBYPIERGH 0 N TSR, AR IR L e rE
AFIP BB R G, o] LK H A = RN [ )R8 B S5 AL 3]
B L K G516 AR A B B A AR

(1) Fp

FF A PO FEBLR A AR S AT A B, BIZEAREE py i s o AL
AV (51, BUTTRAK kn RUUD, 12K 2-8 MY, HAE B
M4 NERSAREL, X TERASHEEL, B PMS-BDD #E Y {5 vk ok ] S R R AT
B, M4 R B 2 5B B 3 (M B BDD B84 Al an & 2-11 frs o

2-11 Epastith M4 BBt BDD 571

FIF PMS-BDD &2, AEEL M4 [ Bt BDD #8 b 1T/l &, 7] LS B R
M4 12 [ Bt BDD #8Y, il 2-12 s

2-12 FARH M4 £ K Bt BDD fi i

ML 2-12 7, FRATAT DAAG 2R 4 MARZET 1 G, BT /07— AT = 5% ¢

/?:7& éj\ljj]lj?.‘j
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" :GzJaKsz (2-16)

R4 BDD B8 X, B M4 ()R] SERE SN TR 2075 53 0 BT A A S g
RHEZR 2 F, FATAT LAS BRE M4 (0] 52508
Rus(T,)=P(G,35K; )+ P(G, 3K, Ly )+ P(G,J,K, L)
=(1-Fo (T,))(1-F, (T, +T)) +2(1-F, (T,)) (1~ F, (T, +T)) F, (T, +T,)  2-17)
=0.9682
b, Fy ()5 F, () A BIFR G G 5760 VK/L BJ8 s

(2) S5 BhABI

B EHONEE N AR S ST NI, BIFE R oy R b B 35 Bl
AR, WA &5 . A S S BEYORE T A B RGBS IRFFAZH
FhARE, K 2-8 F R M1 5 M3. W TS5 AZR AL Shas R, FeA @i
H ARG IPRSTER BB A= AR RE 5, o B — TAER B R ) R4
IREMZEAEANT — TAEM B A RS HER, il B B Al ) R GRS ML a8k
AL BRI B A DG BT M1 S8 M3 FRIRES R B 4 i 2-13 5 K] 2-14 Fios.

State 1 ' State 2 State 4
(Aw, Bs) (Af, Bw) Fail
State 3
(Aw, Bf)

K 2-13 R KRG M1 RS2 K

2-14 BB RG R M3 OIRESER K

RAEE 2-13 5K 2-14 JrsifeREEBE, THE RS M1 58 M3 1R
BMEF, BE ML FRE JRAIRE S4 N RBORES, AERH M3 o HAHRAE S3 M
RABORAS, BRI M1 558 M3 1 A] 55 7350 8 -

Ry: (1) =1- P/} (1)=0.9943

‘ (2-18)
Rys (t)=1- P (t)=0.9984
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(3) S5t B AR

ZER AL B S EHCATE R R B b R P2 AR SR, Wpd 2-8
HRIE M2, ESS ML BRI, KRGS RGBT BZ L
I # e P2 A AR A, R TR S ERT BB A EIA 284k, AR X — ek, DA
BB M2 A, Z5 AR R B AS AR R AT S B md et DA =0 kA5 3.

0 MESSEIIEARRIN B RGREHEE fEF B 1 i M2
Roet C 5 D MR &0 288, B 2 FoRoeE DVE 5 F MR %0 R4
BB 3 ONTeE E 5 F MRIIA B0 RS, B M2 ZE =N BOH PR S EB E
AN 2-15(a). (b). (c)Fms

F(t) Fo(t)
State 1 State 2
(Cw, Ds) (Cf, Dw)

(a)
Fo(t) Fe(t
State 1 State 2 State 3
(Dw, Es, Fs) (Df, Ew, Fs) (Df, Ef, Fw)
Foa(t)

(¢)

K 2-15 i M2 =AM B PR S E
(a) 1 M2 7EMY B 1 R FIRESFEFE ], (b) AR M2 7ERNEL 2 RPIRS HB K
(c) FHe M2 7ERYEL 3 HRPIRS K E

500 iRIE RAAIESN B B PR R R R, M RS BORESR
A MWK 2-15 A BLEH, EME 1 HRE 1| 5IRE 2 HoofE D #sH KK
XM B 2 W ERRAS 1, BB 1 TP EIRES 3 R RGRBOIRE, KERLTREL 2
HHPPIRAS 5, FIEL, FIEMEL 2 5P B 3 ZRIFPIRAS L SR . B M2 IR BOR
ARAEWE 2-16 Frs.
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Phase 1 Phase 2 Phase 3

! State 4 P State 4
= (Ew, Ff) v Fail 5

K 2-16 bk M2 [HIFT BRIRZS 5 R U ]

=00 R 2-15 R RPIREFZ K 5 2-16 P BORE R AR, X
M2 REBERIBAPrBOAT UL, 45 R U1K 2-4 P

R 2-4 P M2 ARSI Beal RIS R

S1 S2 S3 sS4 S5

T, 0.9999  5.7054x10" 4.743%x10™ N/A N/A
T+T, 0.9997  3.4443x10*  3.4839x10°  7.3464x10™  1.8416x10™

T, +T,+T, 0.9246 0.0737 1.5698x10™ 0.0016 N/A

FERAER M2 i, BrBe 1 AoRES S3 W RBCIRGS, BB 2 FIRES S5 W RRUIRE,
BB 3 o S4 Y RBCIRAS,  BRIARER M2 7573 i A B P 5E B 7000 A«
Ruz (T, ) =1-P42(T,)=0.9984 (2-19)

w

R AR RS M PSR 2 ), R B T SE LN S (2-15) TH L T 45
PRI RGHE BT AR AR R ST 50N 0.9611.

2.5 ARE/NEE

AREF IR IR LN BUESEIE R G H, TolhH RV YEE I 8 iR AR 80 A
I, A DUS AR S8 ) S R B ORBERE R AT AR GE AL [, S B - By R BRI
REXAFAE B AR R 28 Z B BUE ST RGUHHAT P SRR, IR BUEE P 5
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X2 By R BRI RE B R B EAT RS T 5. RIS R T35, G2t 4t
R TRV AR i R 28 2 T e K i

B TTVAN 2O B0y B SEMRAE R HAL 7 1545 BUAR B AR AR, T A AR
PERABRFE HEAT 70 28, X BRI S AR L ) 2 By JRBE AR R AT 15, i A
KM PMS-BDD #EAUBEAT U5, e, KA AR IR ERAT DR 28 Gt R A 7R 1) i
F4F, NH PMS-BDD M HEAT KEAG B R G AT S

ATV FS, BT FL RPN RIRYE, R8RS &0 RGP AR
M/ HTCAEE, R — TGN By 2R R BB I R I 46 B I &2 2% B 1 LA T E 7
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H=8 HIEREAL ) 2 BUESS RS SR

BT ZEMIPTHNZSMERESRETRERERERG A

31 5|5

e b—gr, AT DR BRI R SR AL T 0 BRI 1 2 B B AT
% RGN EEM AT TP HEIE, AR 2 BRI R & R A7
FER AT ¥ ToA, FF% RS R G iR oy o 32 BEAT L o 1R 5 e 5 B e T AR AL
R BN o FE TR Y B Al b, ST RENL I R T I 3h A &R
SR, JREEEBEE TR B KRR I R BE AL RN T ) 2 B B 5%
B RGIATERR

FENUR R G, 0 REER AT 2R A & i kg m RGE v 5%, PAORIE
BEIMES TERE . RS RAMBth, AR RN s ft, X IEfE
TAE R T ER AT BEAT IRAS W I LA S AE TAR JCE AT R B 5 AT V8 #% A Je s 1k B D
S, IR /TR T AE TAR O R R 8%, W R G &4 o Rk IR B
H, SRS A5 Fa R, Aok, R EST, ERAREMHE T T
anf, Ban, PLEGHENL. MBS, BURERE . XL H T ITAM I IR TR 252
PSRRI (BRI T L. R FH) BRI, fEgiih, 1984 £ 2000
fE 2 (6], DFH. DFH2 %5758 E F= i {5 TR A 2 (8] P8 55 52 00 3 250 000 A 58 o g 5% o [
SHE 40% A BP0, il 2 b BT R e AT FURL 1 ELRL A 0 LT T AR
() T REIE B™ BRI, I S S 3 s BB AL v o 2 06 Tt S 3 G AT A R g s ™

SO, AR B4 1 73 A0,

MY (Shocks Model) ZFJFEMERE AN EHEN B Z —, JoiF2 B AL
T A BE 2 B0 i B RIE0497 , I Te A A B R Ak R AT A 2 S50, AT fe
SEOC ERER A HIanBENLrh e SR R RAE S R ARE S, WA 7 =X R
TEH, #aSEUTlRM. bR TS, BHanA SRR &S, 2 uds
PRAE AR AL R A R I, 2352 2R B T-AME AL e, AR — 7 A= &
oot aE RAERIR R R, BRI 2 oot a, B
2R 351 4 A Y (101 11021 Cymulative Random Shocks )« % PR pi 5 A58 774 11031-[105]
(Extreme Random Shocks). & ZE4 AR #1061 071 (Continuous Damage Model)
F1 8 -shock #fi fEAYNSLIT  (Detla-Shocks Model) 2545 . fE R4 JZ1H, HATHIH
FF LR T Mt Z 2L 2 R ER S R4, Li SO IR M i ]
ISR R R, FToiE K RGBT BN ZANRES, FER RS FE L o IR
B E RGNS Z BB KR, M RGURESR AT BT E AT Lin 2%
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JE A GE P o R R B S R R RO R A I M BAT ZR 0 AT AR DL, 0 e IR B
G ouE sz BIBEHL T RE 0 RG] SEEEBEAT AT . Lin A1 Zio S IBIREA
RIS BENL P o I FVE R AT B 2 5ot GRAL/ZEMEI TR AR M ARSRH0 it
TATFL, A5 REIR A T SMP RERY,  FFA 417 700 b e S e (K e al
SEEHAT VPG, JRRAZOT RN T B R GE, X 52 2y R ) £R 0B AR 8 T SE S
LI

AT b ol AR I 7 2 B o AT ST REAL v ol X S TT AR A R 5 B X

DRz — A b el AR P 49 B B o P SR B R BN R 0%, 37 PMS wl B R vk DAt
TS, BRI A, AR B R AR VAR R G, BT R BB At
BEAL A S T S AS R BRBEAT A, [ I N P R T SR D5 920 T S R B
(RS2 AR AT A AL AT 5

AREWEEPFTAFZHI T 3.2 T BN E L RBERE RS, 4G
FAAEVS % 00 A IREEIZ R G0 AL B35 AR gt v] St rp (O BN AT DR . 3.3 71
T AR AT Y, IR AR R A SIS RIS AR R R, A5 LS
BEHLI o R RGBSR . 3.4 e G, FIRBHULTNE S BIRBER
SR AR A, X BEA LR AR R B 2 B BUE ST R GV REAT W I, XS REAL
il s 20T REUE T

3.2 GRMXEMIE

3.21 SB/REXEFHITIE

fE E—Frh, IATNA T LS RBREEE — - SR BRI R, 2 ERRR
T FRAE BASIRAS (R)3E B I8 [R) AT DLUONAT 53 A0 B H A i B0 5 5 200 5 RPIRAS AH
K, FEARTER, AT AL /RBER A2 T I E 28 M BEN LS B —— S /KRB R T
Bt FEPS1 (MRGP, Markov ReGenerative Process ).

ANSRBEHLIEFE {Z,,t > 0} 52 BN S /R BFHR R 741 { X, S} 1], JF B
JE KA

Pr{Z.s =ilZ,,0<u<S,, X, =i}=Pr{Z,=j| X, =i} (3-1)

WL AR {Z,,t 2 0} A /REHR SR . b, X WIS REHR B35 51
RGRAETH s, HH X ez, . 5 SMP AL, 75 MRGP H HA7E A # 1) H /RBHR
BB SRS AR 18] 25 S=(S,, Sy, o+, S, ) HEA B/RBLR M, i REURE Z,
TERZIt =S, Z JERGUIRA R EIRE X M6, W5 1 RE& {Z,,0<u<S } k.
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H=8 HIEREAL ) 2 BUESS RS SR

HAL T T R R AR, 7T AT P T AR ok 5 e A 3 3
FERMICRGORAS R, DTSRt NI RS0 Bl FRSERTFEE L TLAF T
SR AEE SR B LRGFAERAERE 0(1)=] 0, (1) ], 6, (t) N D/REHREHIT
AEI TR B [0,€] Py JUIRAS 4685 SRS | O 1R 3K

6,;(t)=Pr{Z = jlZ, =i} (3-2)

JEEL, A PR O(t) WAL 1O T AR R A A,

0(t)=E(t)+[dQ(t)6(t—u) (3-3)

RB-3)H, Q(U) A4 BRI, ik i2 T AR B e DA B 7 1A
UG, R AN EH 2RI, % AR K B e R I B T AR K 8 7
Rl SAERERIEEQ, (1) UN:

Q,()=Pr{z,= s <t|Z,=i} (3-4)

RGB-3),  E(t) NREBARZERE, 8% /KRR R AR DA B s
feah, BN —ANEH I EAT N, B KR R R I AR A TR ) R AT
JfsE, HAEREH IR E (1) 2 3O8:

E (t)=Pr{Z,=j,S, >t]|Z, =i} (3-5)

HARE-5)5KG-HRAKXE-3)H, B RG RAZARESHRLE, RIE RS
FIRTa RS RS 0(t), RITSR RGAT RN 2t RSB & .

5 FEARSC R P B 1) SR R B R BLRBE CTMC. - Ty /R BRI FE SMP DL 5
IREFRFE B FE MRGP =38 Z A R . =MBEHLE PR AR B HA /R
BERME, Hr, MRGP N —M NS, FREIZ&HD, SMP N MRGP fI4;
i, S MRGP BR8] 5 e 4 k0 Sy /R B TE 7 51AE F], B MRGP &R
IRSBALHS R RS FH A, W% MRGP iy SMP. [ARf, CTMC tH/& SMP [
ANRE, 405 SMP FIREANRAS 2 [ 6 A5 it 8] it IR AP 93 A #8848 5050 A7, W% SMP
N CTMC. —FBENLEFEZ AR 3-1 Fion. R, 40 MRGP fPIRESH;
I (] A ST R 43 An FRAS e CRAE —/MIRE), L MRGP #iA 52 B 7R BHR 5 E
FEBI RG], BRI EPRA R A S T — JORES I BB, % MRGP 3t —/N
BiBuN

=R R4 TS G S RBER AT, ZE AR R
B YRBRME, HAFAE D IRBE RIS 18] 55 DA BOIRES 8% I 18] i A 2 A7 2 850
Ee ik 3-1 Fior
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CRsEEEA | OREREBAIN |
L, S S SO [ L2 S

=

IR SRR LR
SMP MRGP

K 3-1 =Fh /R BERBEA LIS 222 TRl 2% 2

R 3-1 =M RBERBENLIE AR b

CTMC SMP MRGP
IR FERL I 8] 7 A7 ST ik (@it ERE A EE A
\ ‘ PR B R BER 51
FAAE By JRBE A e 18] 1 R Z WEHS A
WA FBT

322 SBRBXEFHETIENNA

FEART T, LR Z B BUESS RGP LSO B, X6 B /R B R
REAE R G0 ] SE I AR o (R B BEAT D 7E o A BR824 S e e 1 (0
R4, AN, ot A Hoofe AS NIER TAE Lt 5ot A K D)
Hooft, Joft B 5ouft BS Nk &t ool koot B B DI HocrE, R R4k
WA A RTINS et A AT —IRGEB /4. IZ R GPIRES A 32 fr
o

N ‘i;
',:}E(,t ) (,ij\,(\,)uAéf Fie (V)
BSs, BSs)

(Aw, ASx
Bf, BSx)

K 32 G/RAREHE RS BIIRESHZ K

K32 1wy s fo x ARG TTEAE T AR &6y R M RGNS LR
MPOASIRES, RGUIRES 1~5 N IR, IR 6 ARFCRE . £K 329, KGR
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BN ALAT NPT iR 9
® IRFE 14RFE 2 Joff AS TETOHF A KRR HT KRR
® IR 1-0RE& 6: Jufh AS FETL A RACZHTRRL, Rl A KRR, &
GV ER M B, FERGRIG
® IRAE 1R 3. Juff A fETul AS RAAZFTREL, RSV 2 &0 off
B 5 il ot BS #EAT TAF;
® IR 3R 4. Jufh BS fETufE B RACCHT R AL
® RIS 3RE 6: Juff BS fETufE B KRB HIRAL, REIikVIHk 2 ot
SHARGURA, B e B E G BS KA ATRE, R JofE A B4iis
VB AR TR, FERGRA
® IR 3R 5. Juff B AE ufE BS KRR HTRRL, Aot A M4/ &
HO 7, RGEVIREITOIE A ks TAE;
® CIRE SR 6: ot A BRI B E F SRR TI/EE 2R3 KGR
TEAF AB I B T A BRI I 18 M AT AR 47 CF (1) =1—e ),
Hor o MBI ZEL (Scale Parameter), S NIRS %L (Shape Parameter), JGIF AS
Je ottt BS 1R e IR FE A CF (t) =1—e ), Hrp A oofhm ks,
FTH 203k 3-2 .

R 32 REMEREG TS H

A B GA
a 2 1.5 1.8
B K ) 30 50 25
AS BS
A CIE D 1/40 1/50
MRS SR BER R R 1 LZ RS RPRE R, HAR R M A

O (t) S Rt -

25, KA 3-2 IR RS B B LA S, W4 D /R K S A AR P
BT RS, DR 2 00, ZEMIITTEE AS RRGERE, TEE A
NHLE T, ZETEME AS MR T A FORAIFGA B8, FULRGORA BiR
T, SRR 2 R RGRETHA, TR AR, Bl 2 F7E A i
9Ty AR R BT AU . X 32 sHFTATRAET AT, FAIRE 1. 34 50 6 4
T AR RE R TEHE ARAS ST A, 4R R Q (1)

39



R E N L VAT

0 0 Qp (t) 0 0 Qs (t)
00 0 0 0 0
_ O 0 0 O Q3’5 (t) Q3,6 (t) -
00 0 0 0 Qs (t)
0 0 0 0 0 0

FRAE ) 32 %o R E () 072 5L, Tl LA BIi% B e A E (1) B
RIETHR:

E,(t) E,(t) 0 0 0 0
0 0 0 0 0 0
0 0 Egu(t) Eut) o0 0
E(t): 0 0 33( ) 3,4( ) O O (3_7)
0 0 0 0 Est) O
0 0 0 0 0 Eglt)

b, R RGORAR T I S TR, IEEREQ() . E(t)
BEE, ABRIELRN:

Qu(t)=] Fis (¢ dF<>, Q16<t>=J;(1—FAs(t))da<t>,

Qus (1)=], Fes (1)G ) 55)
Qs(t)= jo(l—F 0+ [ Fos (1)(1-G, (1)) dF, (1)

Qs (t)=Fa(t)

El,l(t) - (1' Fas (t))(l Fa (t)) S (t) =F, (t)(l' Fas (t))

E,s(t) =(1-Fa (1)) (1-Fa (1)), Esu(t)=Fy(t)(1-Fss (1)), (3-9)
Eqs (1) =(1-F, (1)), Eeo(t)=1

F=, BRGSFHQ (1) 5RGIFIE, () IAARG3), HALHRA
WL B RS R O)(1) TSR AR

B0, SR R R R RN, AR R SR )t = 0 HOIRAS K P (0)
LI O(t), 135 RGER LI R P (1)=P (0)0(t).

SRR D R R R AR, 50 O(t) « Q(t) % E () b7 R ARAG R £
L BRI AR TR, LS BT R, B, AT A b nsk
ST M 5 )25 8 A 0 5 V06T 5 A AT B R RE A (OB, 910, SR
TR T S AR BVE S, U J R (I AR
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H=8 HIEREAL ) 2 BUESS RS SR

3.3 THREN T RIIRE

FESEBR TAREH,  TOI I e ROGEAE A2 H AR 5 1138 fb 5 A0 b o L R F 2 3
(1o TEAT A, FRADEE AT A 4 T i B CERAR P 2 SRR BR i YD DA
B bt 5 P9 R Ak [ E R B o T 58 BE 0T S5 V. B e AR S IR
PSR ROS R 55 R BEATL o 3 1) 2 80 R 2 TR AR BT, DSR4 ek 2L [R] 4
R IGE A IR i Fy (1) 2 -

Fu(t)=1-(1=Fy ())(1-Fp (1)) (3-10)

o, Fy (t) Aottt B SRR A BB Fy, (U) ABENL S R 2R AL
BEHL ey A S AR i -
B 1 BENLIh T 1 B3 RN — AN BIA 2 A A [ FF AR IS R {N (1),t > 0} ;
L 2 FEALR e i 2 AR 5 oA 5 R RO A 2 T8 A EL AT, HANFE

331 ZEFAHREIRTHREMN SR

MRV % T TG AR 2 B R TAR ST, s S B A e, R
FEATIRE, AhE AR BRE 2 BRI S P RO Th R R, XA R N
EFVE RN, AR R A g — R BE AL, U R AN A AT DA o A
T ep ) AR BT SR AT R AR o 7E BRI AR o, AR R AL T i 5
RETBING, 2BEH Lo i R B A A T S ) 2 R B B T
BRI, TEpEa S A degion,

R TTHE A 2 EIBEHLIR i R R Bk 30 4, B RAE R (N, (1)t =0},
I TTHE A MFFEE S 1] t 22 31 n Yo 1 2 Ay -

P(NA(t)zn):%e*At (3-11)

HE—2, R BRI B R AEA A, EDY, ~ N (,02) ., T
BEHLAE Bt y, i BB A B KO

—(Yi—UA)

1 Vi 7
F(y.)= ‘e %% dy. 3-12
(v) o ) Y, (3-12)

AR I AT IE R 0 BEBLI XTGBT B Y = 3 Y, 01
RIS A, Y ~ N (g, (nor,)7) o ISR A m bttt Jo 4 722 3 BB
Ry 1 RBUI RS
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—(¥i=nua)

l Yi 2
F(y)= ‘e 2% dy.
)= oo b Y

e (3-11)533-13), RS FBOCIER B A R ELFy, (1) AT RRA:
Ffz(t):iPr(Zj:Yi > D, [N, (t)= jjpr(NA(t)z j)

) _ J. (3-14)
_ Z[l_q)L Df — JU, J] (ﬂ#}t) o/l

(3-13)

© _i j
FAl(t)+Z[1—d)(Df el ](lét) e (3-15)

3.3.2 WRAPERE R THREMED T

B 1 RGBS, IEAFAE 53 bR REAL R o 520, 23 TRV r A v e o 1 A
HE TR0 H T A R O M A LA AR B S K A5 i, 3BT R AL
IR = e sl = S BUTIF R, R R RO, R A3 R AR AR N
—IRBENL Ly, DB AR At R AP oA AR e R PR b el A AR SR B AT I A
W PR AR A o, B R BEA LR Xt TR I AN AT RN, G R R L i
i (R R T oo R RIE, w2 B R EUT R R AN S B BRI REA LT
dixf et A B D IRMIEZS 7340 Dy ~ N (1,0) » TeHFRIREBIE N D, MTeft
A BN ZIE R A n i iy BAS R A b i RBHIER 9 -

Pr(D,y <Dy, Dy, <Dy, Dy < D

RS (3-16)
=[Pr(D,, < DA)]“““) = {q) [%H

A

TERGE-16)4, N, (1) RIRMIFEAFI 20t R AR LM KRB, BN, () IR
MSHON A, AR E R, Z2aG-11)53(3-16), WIRMEFHoot A RAHI7>
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)= Pr(N, )(1 Pr(D, <D, Dy, <Dy, Dj<DA))

j=0

z[ { [ AUAﬂAMM?t!)"

R 2(B-17)F B Te AR PR s 2R B A AR ZK(3-10), WA R b 5z T oo it A
1 R A BN -

=FA1(t)+i[l{CD(DA”Aﬂjl(w)] e (3-18)

(3-17)

Tt A 52 BIRRER o AR T R O -
fo(t)=dF:(t)/dt

Dy—tty ]—(}“’Tt) eJ (3-19)

J!

-(1- FAl(t))i[l{qb[DA_”A U’Uei’“(m)_“(—ﬂ” j)

J!

3.4 FNSARGRENPERIIRE

FEAATH, F R X BhES R G0 o iE G, K oAb AR AN B
BRGL/RFFRE LR o, 3572 8 R R G S /R B B Rl R AR
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N PMS-MMDD RIS i K 25 2 A Z I BRI R Gk T mE, AR
.

F—2, R MMDD W3R RN K 4-17 Fros i) 2 & s 1L
A B MMDD #8, 4nPd 4-18 s
i ‘3@ -
i ‘12 1 3
:@ 12"@
| 1,2- { i }
x Q ‘@

Exl
________________________ F_"_"'_"'__"_'_'_"_
|
s
~ 1 | 1
23 N 23 | —
Srr-fijei )| o AL
1 - a1
23 ,.1,2-/’1,/'2 125 L]
OO SO
3»@3 I
! 2N
B B3 ' firea

K 4-18 fii k2% AOCS HrEx MMDD #f&7Y

B, WEARMNHT NN I, <J,<1,<H,<H,<G,<G,<G < F<
E,<E,<E<D,<C,<C,<C <B,<B,<B,<B<A<A<A<A . R #
MMDD ¥ BUKEERIN], K& 4-18 F1 BB MMDD AT & IF, HEIRSR
MMDD #H!, Wi 4-19 fiR.

00, R RS MMDD B8, MAEZR4E 5 3,0 BIA&LE S U IR R EIR R &
GuiEw TAE, WRIEE 4-19, —IEFE 32 ZALMEE:

AOCS

m ‘]3,(2) I 2,(2) H3 (2)G4 ) Fs (2) E4 (2) Dz (2)C3 () B4 (2)A4,(1,2) )
AOCS
m, ‘]3 (1)‘]2 (2)'2 (2)H3 (2)G4 ) Fs (2) E4 (2) Dz (2)C3 ) B4 (2)A4 12" (4-20)

AOCS
Ny, = ‘]3 (1)‘] 2,(2) I 2,(2) Hs (2)G4 (1)Gs () Fs ) E4 ) Ez ) Dz (2)03 (1)C2 ) B4 @ Bz ) A4 1.2)
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HL RO R

4-19 Fii R#% AOCS %% MMDD #7

FVUP, MRHER(4-20) AR R 2 Markov BB A FETHEL 18, e SUE

A EE N 6=0.1, AR MIHER > BN -
o =0.9103

o =1.6413x10™

(4-21)
750% = 4.8722x107°
&, RGHEEWEN:
32
RA2%S =" ;9% =0.93032 (4-22)

i=1

452 THEERSH

& E—", R4 PMS-MMDD 8! & 3T Markov BEFTd B2 A S FAER 421
HIONFERE T 23 AOCS HIRIHERE, fEATH, FRATD 1545 SRtk A7 %) LU BRIk .
5, N Monte Carlo J7 VX V15 245 AT I0E, 17 HARBBE AN, =2x10°,
Fk, NHSCER[18]H KA MBS A LRI IEN 2 2 & AOCS WP FEEHEATTHEL
=R ITIEAS B FR G0 R 5 BE I A AR AR i 2k an 1 4-20 P

REE 4-20 Fros i) RG] SEFEXT LR, FRATAT IS H LR 858 1D ARSCTiR
W72 507 B85 RS EEHEA — 3, BoAIE | AT I ik IR 2) 38 FH SCTHR[17]
W AN G BE AR R T B 5 VR T AR B 45 SR 5 AR ST I 7 0 B )i L7 VTS ) 4
REBRENR, ZTEAEHTIERHZ A PMS WitE, FEE R ZITEET
S, RN BORES R N2 AT, (BT R MR R AE AP BT UG ot
IEAEHHPIRES, KRB R ICHERT —M BORSH B G O& TE— B E, S8k
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FE 2ELHBUES RG] SEEESE

BER ORI R, DAL B (0 R e B B e IR WAL, SRR AT R T ik
Ry

1; T T T T T |
! ! * (7 AR
099 | ! — — RO
! ! N markovs ¥ 75 #2751
; : —— BRI
098 - ; ’
| | |
L i
0.97 - ! ! }
] ’ | | |
b - - !
"y ! ! !
% | | |
‘T 0.96 F - :
8 ! ! !
N& ! ! |
095 ! ! !
! ! |
! ! !
0.94 - : : \‘l - -
L i
0.93 F : : i
L i
0.92 | | 1 L L L |
0 5 10 15 20 25 30 35

A (RO

K 4-20 AEJTERIFTR2E AOCS £ 48] 5 & ph 2t L &

4.6 RE/NLE

REAERT P R b, AR ARR S PMS HIBTRY R 2 IERHZ A PMS
b, R AT AT R, X 2 SRR EOT LR PMS B S PEAl TVARE
T WEIE. B, BEXIARE PMS 235 Te AN R BHFIE, R 25 ToiFIIFT B
ARBOHMF™ i 22 2 2570 I AREORN, JF45 & 2 7o AREONR R MMDD )2
AT EN G 2 MMDD Fir BOgaE N, fE3ET PMS @RI it 2 2570
TR PTE R S E 2, AU RE . HIk, BEXTARREOT R SR AR RE
P, A Markov SEBTIERE, XFAR4REZ ST/ HH R A SR AR MR 2T THE
G BT INE BT = AR I . %, ilid 5 Monte Carlo J57% S 4551
2 A TU TR IR AT X b, AR T TR U iR ) i P A B
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RPN e DA

BHE REEFNTHNESMERESRETERMMTIE

FENUR RGBT, O 1 PRIEB = 1l e e, AR 2R RITUR I EC BRI
FIREMIPRE R ARG A EEE, SR BRI T R G, B AN SRR R G
RESANL CHLEBTH AL 2 AL BURER ), 225 R Z U R R OIE AL T 51,
BRI RTHEE SRR RGN EE . FIERA KGN, N TR RS
SRR RIS, PARAR G E &, DA, A AR T X 2y BUESS R Guidt 4T vl
FEVEARALHE T o

51 5|5

TEXT R AT BT, & RGNS R — A RAUOL D & RGH
TCAFRIPTEENE; 2) ERTUREMAL, e RGAAENE. R2HEHAT, BIRE
TCA B AT RE ORI A R G AT SE S I E R AR A BRI, BT Rt U H
R B =T EMMIR RGN, 2% KHIIR &R RE & RN A&
PEo AT £E 3 2 R G vt B A PR 2 18, Blan s &, R ARSI [F] I, S0
RGHATIUR SN LOUR G AT IR BRI KA RGE AT SEE, PR A TUAR 7L 17
B (Redundancy Allocation Problem, RAP) [41 11421 7F RAP [HfF 58/, JEIT X &
G T REAT R EE . &0 77 AR S, IR AR %A1
i RGE R AT FEE L. FEAEE) AT SR ] T R A

find  o(e)
max Ry, =F (X, %, X,)

st. ch(xi)gcl,---,icj(xi)gcj

i=12,---,m j=12,---,n

Hore, (o) Ron 7ol X, (5 J BRI A AR, C, 3R j RGN,

AR 22 HN AT SEVEARAL e) @RS g AR Ze v R e @, S SRS NP [, SR AR
G A R F U ETEEAETE ER, MEDE SRR 8. ek, 1R
Z BB AL B, i AL 50 (Genetic Algorithm, GA ) 1421401 sy 7 20 (Particle
Swarm Optimization, PSO) H47H1 g 53% (Ant Colony Optimization, ACO) 20}
(S 2k 52 (Tabu Search) 52125, BefE A FRAS [A] A48 4 R A B OLAE, #K
BN TR NP

H A0 2 G0 AT SEVEDRAL BRI 7T 32 B4 v T BB B R L EAT TU R AG T THI Y

(5-1)
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FhE REEN T2 BUES RG] SV A

BEIT, WX T2 B BUE S RGERIILHT T+ 0 A IR. Xing S5 IRE 8L SN T
2P BUESS RGN AT FEVEDLAL R, S AN R 25 oo/ R4y PMS #EATIRAL,
FF BB AT 5 R G R HEAT I . Peng S8R H] UGF J7ix b
o N IR PMS (YRG0 R] e SEAT @A, AR IR b N 8 % SRA N R G
AT . VR AT ARUSHDOIR R T R SR 2 I A AE TR AR ) PMS
PARAFAE /k(GYR R TUAR AL PMS BEAT LA o i ST AT F 256l i B T 1%
Xt ARG SE R AR AT 0 B 2R S AU IRAL

FEMIRZ B BAESS R Gt BRI &0 77 SN &0« gt iR &
a5 =Ff, M0 HATE X PMS ARALHE TR ARH AR, T EGZEXEHE PMS HHT
TCo XA SRS AR T PMS AL RO TEIE AR S Rk BEXTX— AL, A
FERTJUE K PMS A SEPE AR PG VA Fe R kAl b, PRI & & N2 BB
55 RATURMACTHE T, E A SMP S5RHULT7 0 A7 AR TR & #4010 22 B BT
55 RGBT P SRR AR, R AR A BN e ) A SR 2 B BUE 55 R St
JREEF S T RGBT RN AT, DA B AR St 1Ll 4 = i U -

5.2 EARFKiK

Rt (1D: RGEHITA Reton —8octt, ARG Foot RAA 1% e
5 RBPFIRGS 5

RBE (2): RGP I AR IO 1 R R0 18] Bl BAT 2R 70 A 2R 48P T [ e
#HRAT Tl

Rk (3): Pyl RS, B, S EE Oy e,

R (4): RGHZATIRERTTHIR, BEADIREFRIT A BEE 2 ATt &
MRe, & AR &0 A& LRGS0, DhBe R IT [MAH BT ;

R (5): ZHrBUESS R G RIBT BT LS AR B B RO 1 e S R ] 5 18

ER BRI ERZHWRARAGM LG 1D TETef— OV E AL
—RteTett, Fidr—BRAAERR R 2) MR ARG LAETANRT, 4RZHN
TRIFEON A B TO s 3) XS oA AT R, H A RSB AR uhr s i) ] 2
fi: 4) RZEIINUR R RS Z AT ieE 58— WUE S KRS Iy SRS 16, B
BRI BUWFP L2 B B KO ] 5E {5 -

53 RAZMTHZMERESREATEIHERE

FEXHR G %0 N2 B BUE S R G IURILR, HREERRG &M T2
B BUESS RG] SE R THEA Y, S R GO H AR R B IR S R G R
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RPN e DA

THERL, AT AT IR G &0 T 2 BUESS RGUnT 5 TR,

531 REENTHSMRESZGAFEEEE

W 5-1 9 S EAES RGN, K45 mas =10,
FUIAT = AT A By C, FERFW LD RELHIA.

A c |

E]

5-1 IRE &M Z Y BUES R G FEVEHER

SADEBITLAAEE N, N ) EHITLRIE, BRI REAHIE,
WP 52 Fr, HALHTE A A MITC IR AR 677 %, IAEHTE B ottt B~B,
ARG TCNE, HARFTA TN &0, DREHTT C o CONTIE T, HARTH
TEAE A G TP, AT 10T 0 R 5 4 0 T B 0 5 4 TR MR A 2K 4 A
(F(t)=1-e ). 7ETRENIE B 5 C TAFEA B IINTE, 7EHINAE N IEH A
AL A BT, ARSI (F(1)=1-e 7).

TiREHIuC

52 IRE &M 2 BAL S RGHEGIhoutF % 675

7 5-1 oI 2 BAT % 240, FrE RIThag s [aAH BALr, DRI &
258 0] 5 B ] LLAR 4 PMS-BDD #5455 850 v S B AT 5.

5.3.2 IhgeR A EMH

(1) HA& AT AT 5

1R 5-2 BRI IEH, ATt A NG BT, —SEEn, AT,
KRNI AE LI AT RN Fy () =1—e )™, UISHEERTE A 1405 B B ) T
RGO AT, s
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Fuu () =(Fa ()" (5-2)

(2) e et

fEF 52 FERIIET, TRENIE C AR B TE, —3tadEn, Arel,
ILAEC N IEH LTI, 6 Co~Cy AW ST, TAETEIE 5% BT kR
RN A Fo(t)=1-e " | & 4 0 W W0 00 e T8 1 10 2 350 6 9
Foo (1) =1—e7' . WFIIAEIIE C PHTFTESE S ok MU ENZS 2R T LA B Ik M
I3, FATRAE ARG AT, DhAREETE C MR R E M 53 Ff
7o

K 5-3 W&ot C RSB K

FruRa n ~RZS 1N TAERE, WA 0 ARk, M 5-3 R
KRR R BRI Q (t) -

0 Fnc,ncfl (t) 0 0 FnC'O (t)
0 0 Fnc—l,nc—Z (t) 0 Fnc—l,O (t)
Qv={: R ¢
0 0 0 0 Fy (t)
0 0 0 0

o, R RR AT DRI S AN & T C, S IR CS T,
W F o (t)=Fc (t), Fo(t),i>2 R MM seir 76 TAE o0 0 1 B2 2%,
l Fio (t), i>2 W RIRA:
F.o (t) = Pr{ A TTA S I ) > W 5% 762 S A 1
:ﬁﬁmama(w
Foa (), 12 2 3808 TR e E M AT e oA R AT B2 2R3 MR, (1), 122
W RRN:
F.ia (t) = Pr{ AT SR 200t 1) < WA T 54 76 R A 1}

:ﬁ(l— Fes (t))dF, (u)

(5-4)

(5-5)
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I I(5-3) (5-4)5(5-5), BIFTAREIA & LI EIEQ (1), 4y 2.3 44
FA A T ARRE SRS, BRAVTTT AT A B R G AEAT R 20t 1 2 PR A S R
BN O, (t), (R HTT C FFEG TAER A TCAE#sAL T P IRAS, BITHAE 275 C 1)
PR A TN P, (0)=[L0,--,0], WIHAEHTE C kA5 B HCH:

Fe(t) =65 0(t) (5-6)

(3) WA KBTSl

FEIE 52 BRIt T, TREMIE B R A B HIE, — b n, AL,
Hoh etk B~Te B NI L, T B~ By WA RMIEN, TR 5%
(3 TEHE B S RO A Fy (£) =1 e o 3 23 10 1 /) e 0 10 2802 A
Foo (1) =1—€ 7' . HITFINALITE B A7 7E 32 5ok UM ENZS SR T A L R S 8
5, BATRAPE D RRSGE AT, et B OB EME 54 57

5-4 A T BAIREHEE

FrpuR s (ng —i +1) ~4RAS 1 # N TIERES, MRA 0 o, W 5.4 i
SR T AR RS A B Q (1)

0 Fna—i+l,na—i (t) 0 0 FnB—i+1,0 (t)
0 0 FnB—i,nB—i—l (t) 0 FnB—i,O (t)
Q(t)=+: : : : (5-7)
0 0 0 0 Fy(t)
0 0 0 0

HA R (1), 1<i<ng - SARB IO C IHEIEMR, F.. . () FRAS
WIFUE TAE 5 R Ge b A TEAF A 8030, I LT B A1 Te 72 W A7) 4 7
R AR MF, o () TR

Fo v, (1) = Pr{FTA B TT A 5 R 1] ST 96 Tk R A 1

= _[; Fas (t)d (FB (U)Bi )

(5-8)
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FhE REEN T2 BUES RG] SV A

ﬁ*ﬁé El/‘J ’ FnB—i+l,O (t) m‘i%ﬂ—iﬁ‘j

F v (8) = Pr{EE— 348 (3 70k 00 1 WL FF 67T 5 R 1)

- J: (l_ Fas (t))d (FB (U)Bi )
BATATEURIL, R #5 ARG &0 77 U IEH TAERE oo 1 I —#h
REFRIG DL, T8I 30(5-7). (5-8)5(5-9), RIATfREIRA & oc i N FEQ(t)
4 2.3 TR AIESRBERERE, AT AT B R GEAT B 2t ) 564
WA 6, (1), BHEI0 B a6 TAER BT A oL T 58 i IREs, BpL)
BEBLIE B MIWIEEIRAS 7 &N Py (0)=[1,0,-+-,0], JUZhBEPIC B B A B BN -
Fo(t)=0, . (1) (5-10)

(5-9)

5.3.3 RGARE

R4 B 5-1 s B R G 2 Wy BUAT 55 AT SE AR R, AT LS 3] R S R B BDD
RS, NP 5-5 Fios.

WrBeL e WrEe3
K] 5-5 IRE /2 BALSS 2561 B BDD #273

WA 2.2.1 i1 PMS-BDD B, WE HAEEHIF NA <A <A<B,<
B, <C,<C,, MyiiZLEHFF, FATTLISEIRSH BDD &4, W& 5-6 fis.

5-6 REH LI BULSS R4 5HP] 248 BDD KA
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RYEE 5-6, FTLATS 2% BDD BRI A AR 42 :

m=ABC, (5-11)
772:A3A28302
g G B EA R DhRE TR SRR, Al MR RNZ 2 I BAT S A S EE N
Ry, =P(A,)P(B,)P (5)+P(A2Aa) (B;)P(C,) (5-12)
ERG-12), P(A) FoRTIAEIC A TEINEL 3 RRRIMR, 4i4R(5-2)M
hE T A ISR P(A) AT
P(A)=1-F, (T)=1-(F,(1))" (5-13)

F4h, ERG-12)h, P(B,B,) FRIALIIL B FEWEL 1 kKA, fEWTE 2
R RO, G54 (- 10y hIREHTE B IO RS, P(B,B,) WA

P(AA)=P(T,+T,<t, <T)=P(t, <T)-P(t, <T,+T,)
:(FA (T))nA _(FA (T, +T2))

H(S-12)F I HAh e R v LS IR(5-13) 5 (5-14) 3T 5, &Rt 5EE
PRGN T2 BATLS RAEHI I T 5.

(5-14)

54 ETIREFEZENSMERGIRMMKL

5.4.1 BREEEEN

BEHEYE (Genetic Algorithm, GA) 24 H AR A A LITHE, PLERIE
PEAIEAE BRAR A EAE ) 5 34 R T« 8% 5% B Holland (3% 1°8T 1973 4%
fe, 78 Bihad 80 AR T KAEMKE. £ 80 UK 90 FAKH], DE Goldberg
Y5 Holland #2500 4% EIRHAT T AR LS, TR 1 B & BIE R AR EE 0 I
fillo BAE BEAR T T ARG A G T7, TR A BT AT A e — AN FRh
AN, BEHLIE B KE%E’J/\MSQHEE%JJWEI% BEFLA YA AL I A A B AL AR S
H5EAIUERIE R, Wi sl A 5558 XORTS B AR, AR LI B B bR
BTV, AW AR AT, RIS BB . B R IR AR
AR 5-7 Frow .
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G, IR
v
FBEMBEREIFM e
v
i
v
34
v
%5

4
Wi R 25 1R AT

E

it A DA

K 5-7 BRI A R K

WA FIEAFE =P AR H ¥ EFE (Selection). 22 X (Crossover). &5
(Mutation)

(D EBEHET: X BT MR AT IR . IR R AR F
AN 3 B Rz B BB I AF-A e H AR AN, R D0 MR S0E T —A4R (-
RAMED, AT SR FH 28 L (R 8 B0 IS (1) T VR R B AT e, 3 N A v R A
WAL 22 — AR AR AR T B B2 A AR IR 2R 5D, sl X7 =0, A4S
TR P A T I R R S LA

(2) ZXHF: FIHARBIRE R = Mk . 28 X R 4% I — 5 1
NEZRAG FRRE AN AT BEALEC N, SRS H BRI (B i e S, 2 A8 XL T
AL KGN B AN R o B DRI AT B3, AT TR P AN A4, 17038 B 4R
AN AL SR A IR 3 e

(3) BRETF. AFFFHRZEMN, PEREIR AR, B Fis. &R
F I FE VAR $ 15 e A8 7% (Mutation rate) BENLIEEEAMAGRAD B L 058 4 E AT
B, FAEAMER. B, R R gmis oo, 0.

542 BREEM THEMRESZSREEMEMML

54.2.1 MEEMERIE

i I AL SR EAT TUR DAL A R B AE T2 S G M RE A, BEAT 18 % S
(R 28 2 RIS R GETAT s 9 IR Bk R IR AN . FEIR S 40 M 2 B B
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R ARG, FATHZXS B TIRE R ITHI &40 HmE DL R G f AT AL, RSt
FIAT A PR n AT DAROR N -

nl,l n,z nl,

=

m

N
=
N
N
N

" (5-15)

[
-
[N
N
[N
3

n n, n,
N, Ny -y
r]4,1 n4,2 n4,

3

Hrb, mARGPIREHRITCHIEE, n, S0, (1<i<m) 3 AFRRTIEEHICI H#v
IS A &0 ORI, ny Hn,, (1<i<m) 3 5IRRIhRE R TG T & o i
Hr&mut e, BHNEE XNE RGN M, &5
A EAR RGP — N ThRE oo M & 7 U i B
R Z U BAT S KRG TURMAL I BUA AL
find n
max  F(n) (5-16)
st.  W(n)<W,,.C(n)<C, . N +n,; <n

max ! max, i

e, F (n) MRS EEL, W (n) 5 C (n) Jy 2% 1 5 5 2 5 R
B, W, 5C, NRGMERSHM LR, n, N KL R LR,

5422 iLEIE

S Pt I AL A R & & Z B BUE ST RGULR LRI 5-8 Fr

HARA SRR T

(1) WIIaA: BiE 2B BAES RARIBHUC RG S5, i€ R 580 IR & 2% A
(&, WAL, DLRBGADReR o] LGSR o228, HH A F 5T
SHEEE . BARERGI%

(2) AR Z I BUES Rt aitl, A PMS-BDD J77:45 2| R SR HUL
AR E A, (5-12).

(3) FENLAREH N N, IR, &AM n RS — R AT AT g

(4) FhFE R RN AR (1 —F [ X R G R Thae ool ST 5,
FRELIR (2) I RGATA AT 5EE A ot BT B PR A IS B &R 4t
CIE R

(5) bW A IEAAL BN T3 AT B8 AR N,, - HEAT I8
FERNEE T RERE . X AR, ERFRFAMEREE, HEPIER (4); FHiE
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FhE REEN T2 BUES RG] SV A

A TEEET N, BAIUET R, BEDE (1),
(6) FEoesmstion: Jy 7 B LT A G ARSI, R s L MABIR, FEAC
PRI A% S rh, BRATTL P RG S SRS, g SR AR R e IE A Xk N (R Rt A Al A\ 25 14X
IR AR B e ZE RS LR AA R ORI RIS K B (3] 5E
(7) a0 ) AR STl # DL R AT L) AR G vl S
it
.
P Y R B

v

AR 2 B BUT 5% RS 454,
R BT TR B TC I RS
Pt ] FE R IE -5 (5-12)

A 4

i E RS ThRE T P T F I 6

J5, S22 AR NI TARFEEN [€----- !
AR 7y :
v
BT LA

R ARG

(ﬁ%\ég\%%)

AR
AR 1

1
|
A 4

El

rE
o Hh R A R e 4 ) DA
SR F) 22 495 T S

Kl 5-8 IREH A Z W BUESS RGN AR UL TRE

5.5 TIEEHISH

5.5.1 fRREFHER D R G RN

FIS PR AR RGN 5-9 Fon. i RGUR TP RGN
7, ARG LA LR FPE AL AL B RFEATE PR
BT RENB) ). HEdE 0 RG— AR = RIAEHEH: D HEBERIFAEREL, 2) &
HAL, AN RV S IR L s 30 AN FIHE T I 0 8% S AR e it .
FEZAURAR T, 9 T REAT RS I UE 5 2 S R E AL S 1], — 322 1 DUARRE T (1
fEt Ay, Wl 5-9 fos. Z2RMESRILFESERAH. ehn. BB Z LS.
HABHEOROGHERE 7> R G075 dr AT T 52 E>0.97

HAR S B B 5 E— B RINUR A FIAE,  ASFBY B D RE 5ol b v 2 14
5-10 e AEBTBL 1, Fishlss (DhREHoT A) HEETIAF bR (DR H T

85



RPN e DA

B) BEATMEE, (MEHLERFINBRIRE. B 2. 3. 4, mfibh 5k
FIREHSR LTS & 5KL, A FEHE I LS (ThEeH o C. Dy E. F) A&t
AR BEFUE 545 PUE R FE S5 1R 5 DLAGR [RIHBR T 75 B HE ), HEE S R G DUA
B B ) B A ] 5-10 P

BN 4 A KBl

25N L1 R K

B Br22k 34

5-10 FiR aRHHEHE 7> 2R GE D) BE BT R B et

AR K 5-10 Frs Il BEbk s, B PMS-BDD B8, IRATHT LIS 3% 43 4
A MH B BDD #5245 BDD #i8, 3 alaniE 5-11 5K 5-12 .

B2

5-11 IR &40 T K283 KRG B BDD #5574
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K 5-12 IR & & TR 2 HEE R4 BDD AR

MIE 5-12 11 5248 BDD R4, 3RATTR] LIS £1i% BDD R — 3L & = 26 A
AT, N

= 'E‘4|§4C4D3E3|53 (5-17)

RAERG-1DF AL, RG] THEA:
Ry (T)=R,(T)Rg (T)Re (T, +T,)Ry (T, +T,)
+R, (T)Rs (T)R. (T, +T,)Ry (T, +T, ) (1-Re (T, +T,) )R (T, + )~ (5-18)

+R, (T)Re (TR (T, +T,)(1-Ry (T, +T,))Re (T, + T, )R (T, + T,)

Hrp, R, () R/ARThAEH T A TERTZIt W ATEERE, T, (i=1,2,3,4) RosB B FEEERT
B, FAT=T,+T,+T,+T,.

FEADhRe oo Ak o R BT R A a0 B R E R NER 5-1 PR Si b,
i Re BTG AR A A G5 R I, 75 2 M o, AR A% A1=1/360 days ™ .

AR AT R A Ay FER R EEW,, SRR C,, RERELT, EmIE
DNINRERITTHI BRI S &M s H n, , RGNS &K FK, BT
ZARGHIRFIRTE, B ThAE ST o8 H #A R e HIBRH], 40 2500N K7 #&
AR RN AR 2EM G, I B Z R TAEA T L 2 iR & 1280 ) #&
Ko DigeHoc AL By Dy E. F BufiscE LR 4. 4. 7. 8. 9. iZAR4S
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