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ABSTRACT

ABSTRACT

Reliability engineering has aroused intensive attention in our country for the past
half century. Reliability theory has been continuously developed and increasingly
applied to a variety of industrial regions. It was first applied in electronic products
during the early seventies; thereafter, reliability research was utilized in various fields
such as aeronautical /space technologies, nuclear energy, and communication systems.
As for the complex structure in practical engineering, natural language is widely used to
convey the fuzzy information. It is observed that the traditional probabilistic method is
difficult to handle the fuzzy characteristic within natural language. Therefore, there is an
urgent need to develop possibility theory to transform the natural language proposition
and carry out the quantitative analysis in reliability theory.

Currently, conventional binary reliability theory is based on the assumption that
system state is limited by only two possible states: perfectly function and completely
fail to function, which is an oversimplification of the practical situations. Based on this,
experts and scholars introduced and developed the multi-state reliability theory.
Considering the fact that system states are of incomparable characteristic in actual life,
the original assumption of system and component state set being totally ordered set is
difficult to completely describe the actual system or component states. As a further
discussion, lattice theory is developed in system reliability research, which describes the
partial order within system or component state space.

This dissertation aims to address key challenges and critical issues within the
development of system reliability theory, and with a special emphasis on two
fundamental aspects: epistemic uncertainty and system state’s incomparable
charactristic. Taking advantage of possibility theory and lattice theory, the primary
research contributions and innovative achievements are summarized as follows.

1. Extendence of system possibilistic reliability theory based on the concept of
convex sublattice. The definition of convex sublattice is extended from the subset’s
convex structure. Supposing that system state set is a complete lattice, Doctor Cappelle
and Kerre introduced the equivalence class of structure function on the basis of



ABSTRACT

congruence relation. Based on their work, this dissertation introduces the concept of
convex lattice to the process of system possibilistic reliability analysis. As for the
complete lattice composed of all the structure functions, it can be concluded that the
upper (lower) bound set of structure function’s equivalence class are the convex
sublattice. Thus, the supremum and infimum of the upper (lower) bound set of structure
function’s equivalence class can be figured out. Different structure function stands for
different system structure. It is proved that the scope of structure function can be
narrowed through the observation set. As a result, the related definitions and properties
turn out to be meaningful both in theoretical development and practical application.
Meanwhile, the supremum and infimum of the upper (lower) bound set of structure
function’s equivalence class makes the comparasion of structure functions becoming
reality. Therefore, the goal of searching for better system structures is achieved.

2. Systematic investigation of possibilistic reliability function analysis for
multi-state systems. It is difficult to perform the system possibilistic reliability analysis
since it is difficult to obtain the system state possibility distribution. In order to
overcome this difficulty, state corresponding Most Possible Residual Lifetime (shorted
as MPRL) is introduced to represent the internal functional relationship between system
state and residual lifetime. System state corresponding Most Possible Residual Lifetime
(MPRL) is defined as the system’s most possible remaining lifetime under the state,
which bridges the gap between system state possibility distribution and system lifetime
possibility distribution. Moreover, introducing the variable of investigated moment
which links the system state and corresponding most possible residual lifetime,
possibilistic reliability function of multi-state system is redefined. As a result, system
possibilistic reliability analysis can be realized by system lifetime possibility
distribution, while avoids the adoption of the inconvenient state possibility distribution.

3. Development of system reliability theory on the repairable systems with omitted
or delayed failure effects. Within the practical problems in industrial engineering, the
failure effects sometimes can be omitted or delayed if it has neglibile effect on the
system. Taking a two-unit parallel system on as the research theme, the model
assumption of the new system with repair time omission is given based on the original
system. New system’s reliability indices can be presented on the basis of probability

theory and system reliability theory. Afterwards, single-unit repairable systems with

v



ABSTRACT

omitted or delayed failure effects are analyzed in view of possibility theory. By
differentiating between the original single-unit repairable system and the new
single-unit repairable system with omitted or delayed failure effects, new system
possibilistic reliability is analyzed and instantaneous possibilistic availability is
obtained.

4. System reliability analysis for multi-state systems whose state set is modeled by
complete lattice. Based on the existence of the incomparable system or component state,
complete lattice on the partial order relation is adopted to substitute the totally ordered
set to present the multi-state system state set. Supposing that system or component state
space is characterized by complete lattice, typical systems such as a single-unit system,
a series system and a parallel system are discussed based on probability theory and

possibility theory, respectively.

Keywords: system reliability, convex sublattice, possibilistic reliability, omitted or
delayed failure effects, multi-state system
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BT AT DA Y
(e A inf 09 2 600 (2-17)
H
(vx e A{s_ulp ¢ (X) > ¢(x)j (2-18)

T o B RS inf ¢ (X) 5 NS supg (x) BE T M A, ATLLIESS

iel iel
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[p),, 16 ¢ b M, AR (M (L, % x L, L), <) H5E 4 T4

EH 25 WARL x-xL M—NFE, gL x-xL,,<) B (L <) L
LERIEREL MOAMA)R[g), 76 i e CFD) 7H4E, (M, AS) (M A<)E
(Mm(L, x---xL,,L),<)H" 745,

B FREHE, HAE (M, A <) R (L x--x L, L), <) B 7%, (M, A <) IHE
GEPESTH

W E R 2-4, DR (M A ) ZM(L x--x L, L), <)HITH%, SiarTk
5 S, R FE:

(Véi.8; eMaAlld 1.6 Ui = M A) (2-19)

B, (gl <) RETEM R 0, A (M (L x--x Ly, L), <) LRI T A,
X FAE Lk g, €[g), A

(vx & Al () = $(¥)) (2-20)

H, R [gl, oM B R REMA L RGBSR, 6, e MLA,

Xel,x---xL,, H:
$ ()= 6, (X, 6,00 = 4, (%) (2-21)

HET, A AR
(¥x e Ly x--x Ly (4 N ;)0 2 (X, (6 U )(X) 2 ¢y (X)) (2-22)

UL, S TAE SRS e[p g g U] HTLSEL FHIZE:

(Vx € Ly x-+x Ly 6 () = g (%)) (2-23)

T g IR R, e RO g R [g], 00— A ER, B
¢ eM AL H—, BT ¢ RMIERE, R (2-19) i,

T2, (g, 18 Mot ECFOR%E (M,AS) (MA<)ETRZO(L x--x Ly, L),<)
578 % TAE RN T A o XA UL [gly, 76 a0 P L CF) W FARAE FLAT LUk
— . WRFIN B L xx Ly LI TFHEARIB, 2RI — e i 4
it

iR 2-4 WARBRZL x--xL, LA TFHEALACB, ¢=2 (L xxL,, <)k
i3 (L <) ERZE S, Wpl, Elgl, HH L () FE4R (g], <) Fik.

VEB: %A (O ) b R FE 3-3 A5 3 2-2 ST RIS

BH 26 WARL x-xL M—NFE, gL x-xL,,<) B (L <) L1
GRIEREL M A(MA)R[g], 1 miy b CFD) 54k, T

Ci) (M, A )itk TeAR N e s 5 (M, <) A (], <) Lo 5
(i) (M, A <) BB TER BN TG4 B (v, <) i (6], <) R

A
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UERH: ERF (1) BEWENE:
(1) (M, A <) TG (M, <) LRSS
(2> (M, A <) NG (g, <) B 5
o (<) i1 BRI, BT [gl, < v, SR 0 & (), <)i—A B,
KFEZpeM,A. X&EVneM,A, #n(gl, <) @n<) b L. F-T
V xelyx-xL,, HeX)=n(X). HylESOLEE, o (M,A<)FHRAIT.
(1 15 EAER.
58 b ) FoAth N 2P AR AR 2, AR AR .
W 2-5 WARB &L x--xL, EMHENTHELACB, ¢& (L x-xL,, <)
3 (L, <) LA EEL M, B(M,B)Z[g], 7E[g], FinE CF) Fifk, N
(i) (M,B,<)MBRIuRE N M (gl <) R (g], <) A5
(i) (M;B,<) Bk TuAiE N M (g], <) F (g, <) P 5.
UEBA: iZAER IR B e B 2-6 A5| B 2-2 SERI] 1S,
B4 7 — 28 TR M AE nT SR B i R R R B e AR, R
W AR 1% e g FRANHE VS AE SE PR TREH I o

2.3.3 [EFEFMTTL

IN

TES2BR TREF DN A INLIR R S, AW Sl RGN NEN T RYGE (4
) BTN, TR T RS GBH KRS N REMER Y, RIETR
G AR RA 5 R GOIRAS 2 101 B8R 5% 2R 0 45 e R ¥ 382 5 Y 38 ) B0 9 2 L
ARG R R BRI RG LM, 045 R BN 2 R T RGN ik
TFE, RN i] CUEE DA B T R G RS E RGURE 2 MK R 1015
BT NFE B, B L x-x L, D THEA, EE A, = {x y)xe AlFRN ¢
FIWL%E4E (Observation Set), Hig(x)=y: & A, ={x yjxe A, W
FExt (x, y) PR — W& (An Observation) U8, s |, ki@t bl—— %50
GEAE T (1) X SR ST AR B, HULIFIRS, VR D M SE b g —E 15 B
B EAME— T RS L) REFOBLIN RGURA, I 5 25 79 b ¥ 10 2 X
WARFEAETE o UL R GIR A 22 0T LLER Ly x---x L, B — 670 S HEAT SR AN,
X TE R AL A, BB LBE MR A, 5, A TR W
A, EATEEIHR (2-7) R B BE N [p], . HRIX—A7E
WSS, TRUTNIE LAFHA T 502K o], FIE— TR ML MmE. bk,

18



O E T AR T SRR BT

SHE—xe A, XFFENATRGE G BPRA R, TR R ) 2RS4 Hnt i)
SRR B AR, T — T RS GBI BRE 23 B AR F ) RG0R A
T FE—n AT R GRE BPRA R X, DOFBA BB 90), AT Ll E AL
RIF RS R AT MR RGRE . S n MFRS GRIED 1R
FOARIE, TISRERF AT e B M 2 A3 SR [ 1) R GRS s BRIk Z AL RS0 R
IFBEGE I R GOIRAS IR T H L4 M ) 2 G0IRAS . OB, T [RE 1 n AT 3 G5 (5
), TRITIIEONT RO 0 RS B H I RGN . X MR HTA [g]),,
) E AR B

R 2-4 (M, A <) (M A )R (ML, x---x L, L), < )58 & TH 145
i, WA e, TR 9], b AR E TR . SURSR R 2-5
(M, A <) (MA )R (M(L x---x L, L), <) B TAR RIS MY TR R 5E
AT LA T 4], AR EFHR 2 TR [g], 10 ER. BEAh, M, AR
55K TEA /N TG AT DA PR R B 2-6 )45 1 HEAT B R 23, T 5 T bk T AR o
BOURIS . BE T ARG G RASHR, 1055 M B 5N B2 T 4R ) 2
GRS, TEWRE TGRSR A, HOJERI L, TR AT L LGS 0 Hh 0 45 440 i 8
[p),, RSB BRI o XA AL BT H 45 M B K2 5[], b SR p s
TER @], F AR TE T Bk ST

%52 (0], <)wess 51 (0] <) L ZsHE S 6

#:[02F —[01]: (x,,x,) > 21Xz |

2
L 3 N 11 NE A= i = —
umgﬁA;@%mmgiym%,mumﬁwkrﬁ%mﬁﬁmﬂwhiﬁ

LM B/ N TC o e
(/71()(1’ Xz): min(X:L! Xz)
A

(Pz(xvxz): max(xl’XZ)
I 25 IR B (X, X%, )= %, - X, » D IREEFIBR B 0, T @, L T B KR B 0
LINIIEGE e st Al R &S] [¢]9A R 25 R R 2 TR] ) B IR

2.4 B34

AT, s I SCHER[72] BB S % 2.3.2 T S5 1B dE AT e .
st g M (0], <) 31 (0.2] <) Fro 45 ke 5%,
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X+ X

¢:10] = [01]: (rarx, ) > =

G E R AR EUTE, A

{ors) 24 d)

HT M. B D {(o,o),(i §j,

{ 18 j[ j( 2a }167'38 TR G IETHNHF 0, 050K ], W

] | B X E] (1A, g) u(A, @) 3609, Horh
( P)X) = sup ¢(y), u(Ag)x)= inf_,40) (2-24)
ye[OX]ﬂA yelx.1

FIREH, @ BTN R O N [p],, BIRT R XA [I(B, 6),u(B, ¢)] i,
Hr
I(B,@)(x) = sup ¢(y), u(B, ¢)(x)— inf_40Y) (2-25)

ye[o.xNB elx1n.

iU T SRR G E2IF

1 X, =X, =1

(Ag):0aF > [0a]: (e xe ) 12 5 (i) E 1H§ ,1H% 1H§ ,1} V@)
0 ; elsewhere 226
0 ; x=Xx,=0

(A9 T0aF - [0a): () 12 1 () {oﬂ{oﬂu{oﬂ[oﬂ \{00)}
1 ; elsewhere oo
1; x=x=1

1(B,4):[04F — [0]: (x,x,) > % e E t}x{gz}uﬁ ’1}{%’1}

U[g ,1} X {5 ,1} \{(@,1)}

0 ; elsewhere

(2-28)
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0 X, =X, =0
0(B,): [0aF - [01]: (., %,) > 2 (”“XZ)E{0“%}X{°f§}LJ{°f%}X[0f§}
LJ[Q%}xng}\«Qo»
1 ; elsewhere

(2-29)
R4 (2-26) (2-27). (2-28)F1(2-29), WJ LA 4542 o], 5 [g],, (OSEH,

B 2-2 Fr . P 2-2 vh U SR AR 00 00 43 o St 2K g, 5 [g],, TR

L,
A R AT LLE W & 1(A8)<1(B,g) B u(Ag)-u(B,g) . TR K1
[, <[], » 7EHE EX WAL Ac BAISIHE 2-2 B .

yﬂ
1

4/5
3/4

2131

15 1/4 13 1X
il 2-2 0K [p], 5[], v L

A, RT3 ], 1E (], R L CF) F4EM,B (MB), R H XA

[u(B,g)u(A¢)] ([I(A@)I(B,@))KFEikI. T L, EFEEFT, AT LAHES I R

g5k
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(1) (M,B,<)ffKTeHI 2 (g], <) Lo s
(2) (M,B, <)/ eEl (], <) b 7
(3) (M,B,<) i ke il ([p],, <) F a7
(4) (M,B, <)/l (9], <) F i 5t .

LR, AR BefE w] DU I S5 s B S A SR 00 BT SRR AT B AL 4,
RAGE R GRS E AR AR S5 Rt B0, X 5 T RATH A 45 1 e K gk
FTFRA F IR R KL

2.5 REINGE

fe - REENRTE, TEELE - REENK. ARETRFEARKR, £
R RECE RS LN TR IS, SRR AT EEVE B BT RG] SR
o IR AR R R ERIEH R BN 2R S 45 R AOE R SR Z IR &R, IR
XG5 AE BRSO HE I R GRS B IR Z B R R AR . PR S BB i
Rl B, 25 5 21 (10 45 ) R 30 B 1) B T A5 540 b B 50 B 3 A SR 1) o7
AR BN A AT B B, O DRI e M A A e B AR 5 he I T B AR

WO g it P A G T REME L, TR 2 IR R GAE e A AR AE 2L R B W]
FEVE

22



= T A REMEEIR I 2 RS R G R AT R T

F=F ETARMEICNSRERGMAT RS S

3.1 3|5

HFE B E SRR, Khr TRERAGFAEERBENRH . GX%
TR F IR AN 78 M AT S P B2 5 10 I AN o M o D BB LA i S 2
WHIAHE R R BN E SRR A A G AT N E %
& T RIS Z RGR IR S S ATE R . B AT AR RE LA AR 2 M 1 57k
BTG BAMERR I TSt o drh A A e, ARER¥E
FUFEE RS . XA M. (SRR R A] Bt B 0 25 &% PR i 7 ik U013 2T 47
FERNSYHT o AT BT BE Ve E AR P AN XS BRI 5 (T B ek 0 32 0 0 2 0 D
Z b B SMERIRIRAEMLL, PR TEREBCRERMEASE R TH; AH S
BT, MERWHA TN, T AErE R RAg o e 1290, S ar R ik A8 1wl
Sk A3 A (A5 AS0132] B Ty i o P 48 o R RN SOANEA S PRI — AN E By . HESL b,
REFTSEMEI IR R R 245 O TN 30 — /& A TF eI L2 H 1 RE XU AT
#FER (Posbist Reliability Theory); 5 —4N43 32 /& Hi Cappelle il Kerre 18 4-% 57
Kt 22 25 45 4 bR K S AT e B M 45 4 i Rl 0%, 50T n i 4R R I A AT
SEPEFREME L, AT/ 633 Cappelle F1 Kerre 1842 B (1044 22 75 45 14 R 4k
IS AT REEE R AR &S A R T RE T MG . AU AR, i T bR TR A
RGUIRES 22 B H, IR B R G0 0] e n] S R 20 2 303K A . Cappelle 1 Kerre
T {5 AR B S 2 A R R F 2R G0 45 4 R BORIR A5 /KSR BT R G T g
AEEPERRELN . SR, TESEBRR T, BT RGUIRES W REME T EAME, A4
AEANFIRNAR] 25 7 R S8 FT e T SETE B A A ORI Cappelle AT Kerre 18 42 Hi AT
BE TS5 P R SRATE T R G0 T SEPE AT I 7 2

AT A8 AT SE 1 BT SN UL ¢ RS BRABET , REURIAEFPRASR T 45 2 FIIRA K
o FITTREME . A TSR R TRETT S R AL, HOR B HE RA RS TR
BATReE. HTSRTENFER, RAERERGRETREMEN A6, Fith ™ HIR
Hil 7 RGURSHI AT REME T . BUONIRMERS B RGUIRAS W REVER 7041, BT DAGnAr ot
HE 5 EREKE T RG T RE TSR BB R R G AT 45 BRIk, OCH
FEZ U HEER O R SE BRI RS A TE— 2 ? AR FE O N AR BN R
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Gurl e SEMERR B TV, R E NGRS ACEIIM Stk TR RG] REME BT )
WA

HRGURETTREME A A L, AATRT DUE I 58 2 (4 77725k 15 2] R 4i 4567 7l fe
P, W, W RGUIRES ARG A IR TR, BT DL H R ST B
ATEEME. BTk, FERTRERTEEME R BRI S AN AR R R G, o XE
LR AT R R T e v SV, A BN ViR S, W DUE S R4
RS R G A7 dw v] RetE o Aok, (Fn] DRIt v 545 7 (1 R GRS vl Rtk
THEBRNE SR B RG vl RetE A, Frbl, @ik RG0IRAFIHAR B 5K
AIRETRIRAF A BRI EOC R, kAT LATG 20 M A o T TR B2 22 1R R 6 ] P B (D PR A1

AREEEPE LIRS RGN AT RErTSEVE R, R RS % a0 ml etk 4 A
X AT T AT RIERGUIRES SRR FFar LA NIRRT, 58 SRR
B K] e & % fr (State Corresponding Most Possible Residual Lifetime, f&j#x
MPRL) NIZIRE T REGIRA K AT eI R F i (8] . 2445 € DL — I 2 RGi R
AH—IRENRE TR, RGAT ] FEPEE AT LLd ik R GRS Fus B 1) i
KATRERIR AR EMLEEAL b, B HTIRES KT o SR %1 ¢, 19722 1E
X ZR G AT B AT SRR A A B o[RS T AT B 1 R A R GUIRAS 45 1 R AR AR
HH RO BT R G I AT e AT SR AT A AN AR

3.2 ATREMIRIL RO A AL FIIR

Al AEMEFL IS 2 /1 Zadeh 76 1978 4EFRHURMEY, B8 FHUMIELIS [ — A4 3o
AT REVEE NATTRS - S0 AT SRR E LR8BI R H b (e 2 R R 1R — Foft e gk,
HANG NSRS, AT ok 6] 0 (R 36 BE A TG R SO AR R X 3o AR A
RO R AR AT BE A0 2 A 8 S A, VRIS ML/ 4R 5 AT REIE R AR A 0 A 8 AN

3.2.1 HREMT T

KT TR TR A A (B, 1 SCA4R Zadeh AEMIZ SR FEFF 0% T 6
SR B,

¥ X REUE TRV [ E, itu NRRU FE M TS, X =u R
BXEUENU, ueU. FRFBEECH up U LE— BT, g (U)F T
B IOTREE, e (U) MRS 1 Fomu A F IR R ST e (u) PR BRI
0 FoRu e F IORLEEE . FAE AU Ei— MR PR 18U i —terp 2 A
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AR, 7R C R R AT & X, LR R F XAl g E AR &2 X
B A S 2R GE R, IR F 228 & X _EIBIZ 3R CF  is a fuzzy restrictiom on
X, BIFCNRT AR X PFIBHIZIR (associate with X ), 25 41R:
X =u: e (u) (3-1)
AT (U) R4 0 X BORE U B, X P M0 F AR . I,
1= g (U) BRI SR A4 WA X, B Lo F SR 0B SR (N FE S . ZH S
b, B TR F AR B ARRBIMIZIR, CYHAE NS ERUE LR, A RN
EXESD el
BER(X)RAE X LI ML, Zadeh 45 H 7 W 15 R 5 7%
(Relational Assignment Equation) 3R BRI T-4E F 933 0 AR & X BRI £
WAE R A £
R(X)=F (3-2)
XA T AR RN 45 tHOC T8 5 X (RSO BR i e BOmi 52 (BRI SC 2D FRIR .
BT Ok — D R 2 RN
SFFuTF (3-3) - A
p=X 2 F (3-3)
AR X 7] AR AR FR, ] DA R a0 A i s F 48fRiau
B4R, thln“Tessie ;RN <X /ME/ANE . “Harriet 16 —3k4
RAE LRS54, 0 AX) BIERAEU PERUERAS & X AR BN, X (3-2) &P
AEEAL
. RAX)=F (3-4)
R (3-4) KW, M p=X & F R KB T4 F 15IR N AX MBI .
R R R %flliﬁﬂ?#%ﬁﬂjﬂﬁﬁ*ﬁ AP OBl 8
B p=JohnE4ERR N 7, HrpresE i R BUHE T 1848 U = [0,100] b kR 1

%, HRERECN:
Heers (U) =1- S(u;20,30,40)

1 u<20
2

1-2(“'20j . 20<u<30
) 20 (3-5)
- 2

2(ﬂj  30<u<40

20
0, u>40
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Hrh, S - REUE HHSCHER[135] 45 H
0, foru<a

2
Z(U_—QJ , fora<u<p
y-a

Sus a B )= (3-6)

2
1-2(UJJ , forp<u<y
y-a

1, fou>y
X (3-6) H&H ,Bi(a+7)/2 Fon S - AR PR R (Crossover Point), RfI
S(ﬂA; a B y)=05. TH&, i X MAGFEM: AX)HE John B4R [FH 4y
“p=X £ F MK (3-4) Bl
JohnZ 442 A — R(Johnf{I4E#RE) = 442 (3-7)
B IX—p17, REZ—ADEAMER, u=28, M (3-5) ATLIFA 28 ¥
S FAEERIRBE N 0.7, kb, 28 BIX— iR 5UER X BT
SR FEE (Degree of Compatibility) 4 0.7 “John%%ﬁé)\”iigﬁ*ﬁ;@ﬂ%ﬁ%}%
R 0.7 (75 UN“28 % 5 4R AR e ohgh e« p=Johnj&4E5 A i) B
MR, «John28 5 ] REfE (Degree of Possibility ).
17 UL ESTBRI L A EAN A28, 3T A AT L H AT B AR e P,
NTFIERIFE, BAX)=X, HXRIEEESHIARRE, XHFAS5E
NS _ERITRE
FEX 3-1 WX 2BETREU f— MR, F2REREON ue FRIRU B
— MBI TR, A F 2 X BUEABRIERHI R(X), e X & Fa] DU N
R(X)=F (3-8)
e 5iX— A BRI AT Bt A T R(X), Blay Fome T X T fetsy
M, & Ly SHHTHEF E@i%@%ﬂzﬁi&ﬁﬁ%*ﬁ%%:
Ty =Hr (3-9)
TR, “X =uUTTHEE (Possibility) 7, (u)BIBAAE A% T e (u). AR E,
X WAl gete A& — M 74, et THEU X BUEFDEM B nT getE; mTRe
PE 3 AT L 5 A8 %ﬁé@if%ﬁéﬁ%*ﬁ i
AT 7 215, “p=X & F "X —ardlf s/ X FIn] Geth o A IE, A
EANIREVE A S F AR SHF Rt &R u, TREVE DA SR B u A ME 7y (U) 5
U ST T F IR B e (0) FR
T 28 H AN B PR SRR X T B 4 A L P B A
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= T A REMEEIR I 2 RS R G R AT R T

WU NATA EEBA RS, FRU ERNBEECs 74, HEE R
E X T

N = S T
B S 25 e
TR AR Xag/NEHUC R R AR R X 50T () A] B A A
Ty = 1,1,080560.40.: (3-10)

12 3 4 5 6
Hor e, uo—fﬁwum%, “BTT AR ML S NBECTRIRE DY 0.8, RIS
FINAE X/ INEHUC IR A AR, XBUE A8 AT RESE A2 0.8,

3.2.2 AJBE I FEE AN oh S B

X 32 WARBEHU EWES, X Z2EUETU WEE, 7y B R TEZEX M
FREVENATRREL, 7wy =pen > AR XGRAR AT BEVENEE TT(A) 5 SCR IR SR
[F[0, 1] X 18] PN ) — A4

A [Supyearry (U) AN TR
(A)= I
SUPyeu {ta(U) A 7y (L)) AL
Heh, AFRBUNET. & ARNSWE, TIA)REREN X HBUEETHEE AffaT
BEME. 25 AR, (U)W ARISBEREL T1(A)RIMEE S dr e XEA I A B

(3-11)

PERR 3-1 % AFIB iU AR E PR 145,  HBORI4E 10 AT BE kI 2 o
NEGIEER
[1(AUB)=TI(A)vTI(B) (3-12)
IR, MRS FRU FEREWATEAMNB, AUBERE, NAS
X (3-12) MFFFIRTER At
P(AUB)< P(A)+P(B) (3-13)
M HNHESAMB EAMAE (ANB=¢) B ERXF %S kr, B
#a(U)ps(U)=0.
PR 3-2 W AR B Z2iBHU _FAEEPAER T4, KU AR THES
A A TR TT B I e R
[T(ANB)<TI(A)ATI(B) (3-14)
M HAY Y AR B HEAAHSE (Noninteractive) B E A 22 pk 57,
R, MRS
P(ANB)< P(A)P(B) (3-15)
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M HACHES AFIB o B4 B B ARSGIE b Q%5 T
I T2 R S50 T I (1 2 B A s SR,
£ X 3-3 WRZEEAN=TuEU, F, P), ARIBRILIRU FEEPIANHAM
THWITFEE, #HPEF B L N =AM
(L IE#M: PU)=1;
(2) dFfi: P(A)=0,VAeF ;
(3) HRmn: P(AUB) =P(A)+P(B),
TFRP A F _ERIBEZIIFE
EX 3-4 WalfEEEEN=70ik U, F, 1), ARIBREBEHU LEERANE
AR T4, HOEF B2 R = 1E:
(1 EM: TIU) =1, TI(¢)=0;
(2) dEf: TI(A) =0,VAeF .
(3) FEHIR . TI(AUB) =TI(A) vII(B),
WIFR TN F 5 mT ae .
RS DA 2R I B R AR AN e 1, AT REMEEE 18 o DA T B I 5 R0 B
0 FBE 3K — o I S SR IR AN s 1k o 0 BRI BE N(A) 52 LI R
N(A)=1-TI(~ A) (3-16)
Horb, TI(~ A)RORAE X A2 APRIATREMEDIRE . 32 R R BI4A H He L 3-2 Al
SE S 3-4 FR R BRI B 1 s S,
SEN 35 BARBERU FES, X Z2BUETU LR, 7y 2k T2E X 1
WREVE DA BREL, 7y = WU R XORA IR BRI N(A) 52 LR
AfInfop -7y (U)h A AR
(A)z{lnfUEU ) @z () EAWECE: L)
Hrr, vERIOREF
EX 3-6 WAlfeEE R N=J0ik U, F, I1), ANBRBU FEEHANE
AR T, & NEF B L N =AM
(1) IEH: NU)=1, N(¢)=0;
(2) dEft: N(A)>0,VAeF;
(3) BT m: N(ANB)=N(A) ATI(B),
TFRTT A F L o B
AR, AT HE I S R A R R XA
PR 3 max(T1(A), T1(~ A))=1, min(N(A) N(~ A)=0.
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MR 4 1T1(A)> N(A)

MR 5 T1(A)+T1(~ A)>L N(A)+N(~ A)<1

MR 6 #N(A)>0, MTI(A)=1; #TI(A)<1, MN(A)=0.

EMEERIE T, MR AR RYJUE S ~ AR TR ek,
AR~ AZ B9 RARES, — R0 AN i 1k A2 Eh AT A P88 R 0 2 13 8 A T 3R
EM

3.2.3 FREATHE SR A RIHE AT 4 AT S R

AT EE MRV A 1 0T BE AT FE 1 R BRI T B T S R B 8 R RS
s R B, X5 e L e A X A][0,1]" A0, 1] £ B R Ge 45 M iR
e S, LRSS HIREEE EF R, A4 o BEE ST RETTSEME KA

B X 3-72 5 n 2> (AR B AR [0,107-[0,1] F 1 B8 Kk o 9 AL T B AN 4%
-

(1) $(0,....0)=0F¢(L... 1) =1;
(2) (V(xy)e(ly x-x L, P x<y = g(x)<#ly))-
MFK ¢ 9 n HER) S50 R £
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X(t) =12, ERZI B ZIEW, M —ibRgEs, Rk T TERE
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(4) R R GAL T IR ZS HABE I /N T 8055 T 45 @ 4e B s FHE « 1, 8

46



SEPUE o0 R R ] R BE R K R B R G AT SR M

KRG T THEIRE
(5) HJRARGAT MRS HB R MK T4 € mFHE « I, B R gkt Tk
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k. w] LA 4-1 SRTE R R R IR RS RFERX 0
—
5 3 % -5 S— TAERA
I
I
! KR A
I I
: : IS 1] ¢
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R S N e 2 AT
AR CGi=12) RIBERETRIEE, A®) . A () BRI LA — B N
RGN HBE ol R . A DR AT SRR 7%, SCRR[A52]8F 78 H-A3 2 dn R [l
SETEFRAR:

_ M 4 —(Ay+)t )
Al(t)_ﬂ'NLﬂlJrﬂquﬂle ’ @2
A, (t) = Ho + Ay g (etm)t (4-3)

Ayttt Ay iy

5 F % A B EEIR SR, =02, BRI A B A () B A e
A (5) Dy

1/s(1—F;(s))
1- K (9)G; (5)Q; (5)
XA, R(s)s Gi(s) F1Q(s) AR Ft) G;(t) FQ;(t) IFr s 4~ ] 5 A5 17 A8 i
(Laplace-Stieltjes form) .

B 4-1 BBBCELEEH I RE e, (1=12) NEEL ¥ RSB AT
A(t) :

A (s)= (4-4)

- min(t,z,)s, .
A =AM+ | [hAA[=5)A(t—s;)P(s; <Y <7;)ds,ds;
0 0 (4-5)

min(t,z,)s,

+ g £/11/12A1'(t—sl)Az(t—sz)P(sz<Y2<rz)dslds2

WEBR: HOFr R A R, AR I IS mT RS s SR
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B TR I R G Ab T TARIRESH, B Rgae T TR, #h:
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T3, B RGBEN T H R DL
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s, TG B R GWE TR, R i P(X()=0,X(t)=3)
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TR RS B — I AEAER RIAK T o IRER, BHBEVLAS &1, T

48



SEPUE o0 R R ] R BE R K R B R G AT SR M

P(X(t)=0,X(t) =3)
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“E I ) [X ) (t—s, t—s, +ds,) BT PR 2 B O MR A B R A . i T
t—s, <t-s,, s, <s o

MG F R, AR ) B A A I B) &% T S04 — A 4EAZ N 1] sk 25
P — R S 21 2 MO A SRR YEAZ I TR IR M 231 Q, (t) = Gyt — (5, —5,)]
[FIREH, RO e T — kA dbE, Blt—s, <t—s,, s, <s,, MITEAF—H
YA R AR A3 A1 Q (1) = G, [t —(s, —s,)] » T A& FICERMF: | FISERF GBI [A] AR
BAQt)=G;[t—(s; —s)I» i=j. i,]=12, Vs, >5s.

FIRF, A (t—s,) BaREBIE R ZIt —s A F TARIRS MR, T35
INf A AR N FE oA, T RA A B B — R AR B e At =)L P(s, <Y, <7,)ds;
TORTAE—1E (t—s,t—s, +ds)) HH TAER MR REs, HABBENmEY, AT
(s,,7,) ZIAIHIMESS, A& RAE N 2t 3 fF — 450,  H4EMEI [a AN 245 %€ 1l
Sty . XFE, BT AM-s)AP(s, <Y, <7) s, Z R, ([Fr] g3
(4-7) eI,
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B (47 AR (4-8) AR (4-6), BIATAHI (4-5), IFHE,
FEHE 4-2 450 NAEGBENUVE L, Bo IRMATH, (), =12, TIH RS
i 7 FH 2 At
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At) = AQt) +i ! IMZAl(t )ALt —$,)P(s; < Y, < 73)ds,ds,dHy ()
+°tf i 114 At —$,) A (t — $,)P(s, <Y, < 7,)ds,ds,dH, (¢)
+i (j) Zzﬂ,l;tzAl(t —s) A (t—5,)P(S, <Y, < 7,)ds,ds,dH, ()
+] g (2, A =5 A (t=5,)P(s; <Y < )dsds,dH (2)
(4-9)
UEBR: HEH 4-1 Tt {5,
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+T :{ Zfﬂlxlel(t S)A (t—5,)P(s, <Y, < 7,)ds,ds,dH, ()
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n

2

+°f i [ 12, (1= 5) A (=5 P(s, <Y, < £3)0sds,0H ()
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A5 LS 8] () B ¢ R B 4B S5 . Eh L S T B T 220 B A3
BB R G, A5 R ARG T RS, 5 RGN T TARRE
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WM MEE b, SR RGBT T R AT =X (4-21) Rk R A 1
ATREPEAF B MRIE{Z, 1=12,--} FMIHIEIZYE, LK Dubois A1 Prade f# -1
S SR AFATREPERG5E L (TT(ANB)=TI(A[B)*I1(B)), 4*=min, W/

H(Zl<t<Zl+TS_2)=H(TS ) >t—Zl,O<Zl<t)

=min {T1(T, , >t-2,0<Z, <t),1(0<Z, <t)|

ue(0.,t) ue(0,t)

:min{ up TI(T, , >t-2,|Z, =u), sup H(leu)} (4-22)
:min{

uS;l(JoI,Jt)H(TS—Z >t —u),us;l(Joe)l‘[(Z1 = u)}

HAlh, AT LA
M(Z,+2Z,<t<Z,+Z,+T; ;)=T1(T, ,>t-2,-7,,0< Z,+ Z, <t)

=min{T1(T, ;>t-2,-2,[0<2,+2, <t),[1(0<Z,+Z, <t)}

:min{ sup H(TS 3>t—u), sup I1(Z,+Z, =u)}

ue(Zy t) - ue(Zy t)
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(4-23)
H(ZI:ZJ. <t<ZI:Zj +T; i+lJ:H[TS 1 >t—22j,izj <ZI:ZJ. <tj
j=1 j=1 - B j=1 j=1 j=1
=min{ sup TI(Ty ,, >t-u), sup I‘I(ZZJ =uJ
ug[gzj,t] [Zz tJ =
(4-24)

B AT REPEI B Ak R, AT AR (4-22) - (4-24) e — AN RIERM
Ko Mg (4-22) FA (4-23) FJa—THIXG, afLURIE (4-23) FAr&
u A E R (4-22) SN, KRR, i =12, fIR A ROPET , AT e 5 1
AR 781 2

H(Z1 <t <Zl+TS_2),H(Zl+Z2 <t<Z,+Z, +TS_3),---,H(Zi:Zj <t <Zi:Zj +Ts‘i+1j
j=L j=1

, JRRGATH Tﬁﬁfﬁﬁi@iﬁiﬁTW’EﬁnF%m
A, ()=TI{X (t)=1}
:H{ UU ZZ <t<ZZ +Ts ,HJ}
_1 j=1

=I1(T, , >t)v {_i;z <t<ZZ +Tg J} (4-25)
(

T31>) (Z <t<Z +Tg 2)

AN .

<(01)

H1Z (4-25) ATRAEH, 45 R ERI R RETEI AT, JE AR ST n] BE nl H AT
CIECE:IE
RN, M52 Z,=0, FHX([)=0 URRGEEMZ] t T HEBRE) UL

Hi— R B HAF R IR KL
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{X(t)=0}={T,_,<t<ZjU{Z 4Ty <1<Z +Z }U;-

U{i;ﬂ ,+1_t<fz} (4-26)
:L"j{z(z T, )< SZZM}

X (4-26) PR MHELFRINZ] t AT BT BrBE I (1 =22,--4),
Horp, CRERFZ t 2 AL TR =T B Bemml RePER AL an T -
(T, <t<Z)=0(T, <t.Z 1) (4-27)

M(Z,+T, St<Z +Z )zI(T, <i-Z7 >t5Z) (4-28)

0

Ela?{ s = 1,2,---}$H{Zi, i=1,2,---} A HRMSLFE AT AR R 75, AR =X
(4-27) -2 (4-29) T LUHE 70 T1(T, stsz), M(Z,+T, ,St<Z,+Z,), 2
. T2, TSRS (4-25) PATIZR:

H(Z':zj +Ts i gtsfzjj: T in st—z':zj,zn1 Zt—zllzjj(4-29)
=t j=L ; -

[izi <t sizj +T5_i+1j} (4-30)

1% .3.2.2 TP TR, AT Ae I BEAS B I RE A BRI, RS B4
I I 7 S R AR BT BE ST A % SR 0 A SR R AE T R M R R
g e T REE BER IERYE, PTLAMS R T H{ (t)=0} 1 IT{X (t)=1} f1— 245 f
OVER . T REE AT TIRRE, B TAERE, FrLlHeE (X (t)=0} 41
FHPE X (1) =1} FARRED AR, TRA

X (t)=0}v IT{X (1) =1} =TT{(X (t) =0)U (X (1) = 1)} =1

WP, SER 2]t T{X () =0} Al IT{X (t) =1} h & DA — A HH

L. ERAMIE, WRIERGERZ t AR HEAN 1, W RGAER 2
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t A FAERIRE A RENESE T 1 Rz, MR RGERZ] t A TR N fE
YA 1, W RGAER Z) t m RERI ST Lo

4322 ARG RAE A, () WEFRIERES

s 4.3.1 WG I ARG T ARG, W R GA T TARIRE 1Bk, B

RGBER TR AT AT DAAHE S T
A,(t)=II(the new system is opergting

Hak (4-30), R%‘%z‘ztt',n(x() 1, X (t) = 0) i n] #k 5t 3 5 Gt vl i vT
Aat) 05025 TT(X (1) =1 X (t) = 0) F3M %1 t 5 RGEAb T A IRAS T 47
%%?IW%@%ﬂ%ﬁoﬁ$4slﬂ¢m&i@m JRRGAL T HEAZ RS T B
ARG T TARIRE X — A A0 PR 7Rt

(1) JRRGAEN Z t AT YIRS, B4eBnf A ENRE .

(2) FRGAENZ t AT YR B YRS I I A48 € T TRRAE « B,
HEENZt, 4B AT IR 7 .

TR, K70 ) CATTRAE 7 B 5708 BONTEE A BEATL AR 5 Y A7 100 00 3B 2R 48 W] g
F I BEREAT 70T 6

(D 7 BRI 2L

R BUE HEAEIS 18] T TRRAE « N —AR R 2, BARW DL S e i %) t 51T 1R
7 ZAHKRNRR.

Ht<oit, 515

(X (t)=1X (t)=0)=T1(X (t)=0)

Ht>chf, Z5E 4-4 PR RGA T YIRS KRG T TAEREKM

P& T B B A, 7T AR 3
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(X (t)=1X(t)=0)

:min{l,j;An(t—s)-wm(t)-[l‘[(s <Tp<7)VII(s<T,,T; ZT)}dS}

:min{l,j/sh(t-s)-wm(t)-n(s<TR)ds}

0

b, w (8) FoRETZ t R RGIRES 1 A BPRES 0 (SR JE R4
—
T
s N e (27
JRARLGR | |
S | —S—
' ' = HABIRES
| |
: [ : [ %1 t
I I I I
I I I I
I I I I
I I | I
| — ' TARRE
l<—>: l——p
HRG S
|
| i | i AR A
| |
] | ] | Hﬂ’gljt

44 W% R RGO T AREAR TN RS T THEARA M
S L, SRS I T ¢ B SR KO, T B H 7 RGN 7T AT
RIEAXWT
A (1) =TI(X (t) =1, X (t) =0)v A, (t)
TT(X (t)=0)v A (t) <7 420
A (O [ A (t=5) o) TI(s<N)ds 57

(2) 7 B S b AL
B B AE AL T 1A TR B 7 MR A H (7) HIBEHLE B, 5375
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min(t,z)
(X ()=1X(t)=0)=[" [ Att—sw,-[TI(s<T, <7)vII(s<T,,T, >7)]dsdH (z)

0

= [m(x ()= 0dH(r)+”Ant $)- Wy, (t) - T1(s < T, ) dsdH ()

t

=IT(X(t)=0)H,

o-_.,-.

j (=)W (t)-TI(s < T, )dsdH (7)

(4-33)
Hor, e — 1 aEA0e i

O{OdH(r)z P(r>t)=1-H, () =H,(t)

AR, R, LR
A, (1)=TI(X (1) =L X (t) =0)v A, (t)

FIE (4-25) Tt Ay () FOASE 37 2 G5 T A FT I EE A (t) OB ik . oAb
FRERN, FEITA

4.3.3 HIEHEH

AR ABUE 0K EUER R R GEAET R GBI AT REPT SE i dabr . BT 4R
WS I Y, (T, =12 FITg 10 =12, 20 BRI R 4 A 2 B
8. TRV T AEAT, i =12, [ EE 28, PATR it {Tg i =12, [ FF HOAE 22
B FF, REZ=T,+T,, WZzZFXRK{z, i=12}PHE—ZE.

B2 7 40 %5 i 6 T, M 2 ¥ t, = 100day (/N EU AT BEE 4071 7 (1) 28
PR 5 B YEAE IR 18] T, IR S HON t, = 1day HO /N T REPE A1 72 (tg) -

1 ty <t,
1 t, <t,

t, )= — 4-35
7TTR( R) exp{—%[th tzj} tR>t2 ( )
2
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H170 (4-35) MIE (4-36), t 7 FRG0A7 fiy IR [B) A2 6 7, (7] e 70 AT 0 B R Rk
MREM R GAF i fH, t, 2 RGULEMBI A2 R T, (1] BEE 70 A X6t L) e K mT RE A 4
TE N ] o AR AR 5 T, AN T 2 (A RIS M RN & 0] BB 3 A (1R 0T, 7T AR 318 & 7
IRl BEPE AT U T

tg+tr =2 ( !

v [min(ﬁTs (t) 7z, (tR))}

tg+tg=2

VRN H R R Gilki mT A8 AT Ay (t) M TH S R
XT3 (4-25) HRTRIE M B R ST Rl REAT B, X2 t 23 PUASB Bt AT 3+
(L #te[ot], B (4-25) HE—NE5H:

(T >t) =TI(T, =t,) =1

(4-36)

T, A t)=1.
(2) #te(t,t,+t,], Hue(0t)mr LI u FIUEYEF ue (Ot +t,) . [FHIET,
Kbty <t FTLMER () =1 ZFfFt, <t, TS 7 (t)=1. TRAH:

AL (0)=TT(Ts > t)v min{sup)[H(TS >t-u),I1(Z =u):|}

ue(O,l

=11(T, >t)vmind sup | 1(Ty>t-u), v [min(z, (t,).7, (tR))ﬂ
teaegoft)] L ts +tg=u S R

=T (T, >t)v min ilﬂg) _H(Ts >t—u),t5<th<t2[min(7sz (ts), 7, (tR))ﬂ}
te(ty t+t,]

=I1(Ty >t)v sup [I(Tg >t-u)]
ue(O,t)
te('[l,tl+t2]
= (T, >t—
fi(‘c'f,’t)[ (T >t-u)]
te(t, t+t,]

: (4-37)
Pk, R (437 ARG AEROEFRE TS u At RN A
t-us<t i, RGNt (et +LDITHERT A 1.
(3) Fte(t+t,,2+t], 7 u ISP
i) Hue(0,t +t,)Hf,
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A, (t)=IT Ts>t)vmin{uesup [H(Ts>t—u), v [min(;sz (ts), 7y, (tR))ﬂ}

(0 t1+t2) ts <ty tr<t,

(
=I1(T, >t (T, >t-
(>)v sup [T >t-w)]
=T(T, >t) vII(T, > t—t, —t,)

(

S

=TI(T, >t—t, —t,)

(4-38)
X (4-38) Higlag —MERZH TR Z t ) LS RGIE 2t +t,, &, %X
T(Tg >t—t, —t,) =LRAHILI,
i) Huelt +t,t)H,
) Wt <t te2t, WH (&) =17 (t) =13z, IR & A A 55
min(;zTS (ts) 7. (tR)) =7 (t). TRH:
An(t):H(TS>t)vmin{ sup [H T, >t—u), H(Zzu)]}

uelt+;,t)

=I1(Tg > t)v min{ sup [H(TS >t—u),ts<t1\’{R>t2[min(ﬂTS (ts ), 77, (tR))ﬂ}

ue[ty+ty )

ue[ty+ty )

=I1(T, >t)v min [H(TS >t—U)’(7Z'TR (u_tl))]

U=t +t,
=I1 (TS > t) vl
=1

:H(TS >t)v min{ sup |:H(Tg >t_u)’(7TTR (u_tl))]}

(4-39)
b) it <t .t >t, KX (4-38) AL AFF 2]
AH(t):H(TS>t)vmin{ sup [H(Ts>t—u), v _[min(z, (t), 7z, (tR))ﬂ}

ue[ty+t, 1) ts 2l lr <ty

=I1(Ty >t)v min |:H(Ts >t—U)’(”Ts (u_tZ))}

=I1(Tg >t)v1
=1
(4-40)
(4) #te (2 +t,0), 5 (3) Hxfte(t +t,,2t +t,]MHBSEL, [T X
u [ EUE 79 P8 0 0 i
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i) Hue(0t +t,)Hf,
An(t):H(TS>t)vmin{ sup [H(Ts>t—u), v [min(ﬁTs(tS),ﬂTR(tR))ﬂ}

ue(0,t +t,) ts <t tr <t

=11 t I(Tg >t—

(T >t)v sup [H(T:>t-v)]
=I1(Tg >t) vII(Tg >t—t, —t,)
=I(Tg >t-t, —t,)

(4-41)
i) Huelt +t,t)H,
a) It <t t,>t,, NAH:
An(t):H(TS>t)vmin{ sup [H(T >t— u)( (u—tl))]}

uefty+,,t)

=I1(T, >t)v mln[l‘I(TS >t—u),(7rTR (u—tl))] (4-42)

u=t—t

=I1(Tg >t) vII(T; >t—2t)
b) skt <t,.t;>t, NEH:
A, (O=T1(Ts >t)v min{ sup [H(TS >t—u),(7zTS (U—tz))]}

ue[ty+ty )

=11(T, >t)v min [11(T, >t-u),(m, (u-t,))]

2

L (4-43)
:H(Ts>t)vl—l( s 2)

IH(TS > t_tzj
2

Zil, Htel02t +t,]H, A ()=1: Hte (2t +t,00) K, H:
A () H(Tg >t—t —t,) vII(Ty > t) vIT(Ty > t - tg)vH(Ts>t_t2j

:H(TR>t—2t1)vH(TS >t_2t2J
A (4-34) FIR (4-35), ERATCLgE— ik T -
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An(t)zl'[(TR>t—2t1)vH(TS>t_2t2j
_ 1(t-2t —t, C1t-2t -t )
—exp{—i[ 3 j}vexp{ 2(—2% j} (4-45)
:exp{—l(t_ml_tzj}

2| 2t

A (4-45) s — N L > L BRI,
gi FRTIA, BUEEG R RGBT AT RE A B AT LR IE W R

1 te[0,2t, +t,]
A, ()= t-2t -t
ex p{—ELTj} te(2t,+t,,0)
(4-46)
1 t €[0,201]
= 1(t-201
exp {—E(WJ} te (201,00)

ENCANE T @O S N T E T3t 0

FEARTBEFEG, BUE4BITRE « v 2day, FBCEIREHEZ KRR
Hog s (4-47) FERRKERm R, B

0.15 te[0,2t +t,]
( ){

WlO

t)=<:0.85 te (2t +t,,o) (4-47)

1 t=00

SEbr b, Hal (4-46) FTRLEH, Htelo2t +t,] B RG AT TAERESHI T fE
PEA 1, AR BAEIX — I ) [H] B 2 N 2R 48 AN AR S 7 7% BN 4R ARZS ) v e 1R
Ny 2 te (2t +1,,00) N RGHIATRETT HIEAE TR, MU RGUK MRS R 7] RE
PEIEK

H1 4.3.2.2 5 BUE 4E0E 1T IRAE « D9 AE 00H BOr 8 R Gele it vl g ol Stk 48 bR
a0 (4-32), ATRAASEIT 4 R

65



L BHEOR A1 22618 S

1 t <2(day)
h (1) ,
A (t) A, (t)v min{l,jAn(t—s).wlo(t).H(s< N)ds} t > 2(day)
0
1 t <201day
= 1(t-201 : ‘ 1(t-201-s 1
exps —= min<1,0.85| exps—=| ————— |}-exps—=(s—-1)rds; t>201lda
p{ 2( 200 j}v { I p{ 2( 200 j} p{ 5 )} } i
1 t < 201day
— _ 2
~exp —l(ﬂj 1,0.85-ex { }j {—@s} t > 201day
2\ 200 5 400
1 t <201day
" exp _1(t—201j v min 1,1.0139-exp{—t_401} t > 201day
2\ 200 400

(4-48)
WRYE IR RGN R Gral Aen] AT (4-46) a0 (4-48) , PIDREGEH
A RE T EERE I 8] A2 AL n 1 4-5 s

8 8 8 L L 8 8
—— i R %
189 3PS IICE) —— AR5
0.8+
%
e 0.6 —~
=
2
=
0.4+
i
0.2+~
r r r r r r r r r

0
0 100 200 300 400 500 600 700 800 900 1000
i 18]t ( day)

K 4-5 JR RS 58 R G0RTRE T L LR
L& 4-5 AT LAEDUIUL S 25T R G0 AT A R BB R SR R RE T LB
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i, XA TR R G B EEIR TR SRR TIRCTE 1R AR SR e R EE
TR, RPSEAGAMLE R RE R AU FRNERS t<2t +t, 1, BR
ST ARSI RENE Y 1, b2 dl, fEte[0,2t +t, ] ISRl fm M, B R4t
RS HAT TARREREE

4.4 KEE &L

AREIT RGUEE T T RED SN SERRIG DL, 2220 1 B 73 s ] 22 1) 7
PRI T A8 2% GENT T 70 Hig s ) 220 BAE S Y AR AT B R G A

Xt #8 g3 dcBa m] g (PR A R R RTAB R AR AR G, Bk /N T EE I (A
PRAE I AEE AT R G AR, A MEZR A0 T FEE RIS 0 M R GE I m] B2
I CLBUE SR LR RGEAE R G2 5

Xt H8 g d B R S B AR B B AR AR RE R G, g e MEMEIN TR A TTRRAEL, W0
R AR AR T T IRAE, AR L IRGE B AN R G IR W T AR, RIWT 2
WA AR A AEAE I A T T TBRAE, AN RGN T Ia B 25A 2| 4EE
" BRARL FRy s 18] X 18] A AL T AR, AAEGERZIN 1)K T T IRAE A A4 b T 4R IR,
BDSEIR R A TN AN 8 PEAE SE bR TAR TP B R BAFAE, 72 AT e PR 18 1 Atk
EF e T AT RS BHE IR SRR AR A T A2 R e T RE T L

A FEAANER S | DATR] B 450 R G0t AT IR, A )R 0 TARR S8 s
bR TRE 5 0 38 SR R AN FLAth i) T FEVE SR AR RTT
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BHE ZRSRRAETERIER TR RS S

51 5|5

BRI R G TR — MR ARG AT MR RIGE, RN BIRR
B R G AEAERT F AT FEEA AR B, M 20 4D 50 AR, 2 /EF XY
PROIRAS B G R AT VRGBT 78, X 7 11 Y B B2 45 LS 45 7E Barlow 1 Proschan
[ AR (B S LA, IR AS BB BEANE T X 44 R G AN R A
ITHER, I L K E TR T3 2 RS R G HG w710,

ZRAEFEEMEHER PR Z TR REME RS E R 2L, W
ARG GBI B& AR BEE K B ILAH B B D RE A R B HER — 741 . 1X—
BB RERE 1R — L8 R QR AF PR HFRAE, WX T — 2477 2 PR SR AL R 4
AR, ANEFRBRE RS ARG G RS RIEEHT, S 74
T TCVE IR RGURS R — AR bt DA 5-1 Bk R g e, —
NEW RG] LEMALZH AT REFIKMAR: FR% 1 AT R 3 254
W, TRS 2 RPEAEN . RERRBOE XN E TR m KEE A 5k
PR A . — M7 R R AL TS 5 AR E 5L CD #BTi s i e 2525 4R 2 T 3L
RANEAKF TR, HH/E 8 AR B #MIRAEME (TR% 3), MRS, #
DRA MR (FRS% 2), WARSHEE; #iHiEs. CD #mds A~ 2t [T H
WigkE (FRE D, WRGEHE. 5HlERy e A KA, HAREEY LT
I R4 CD RIS KA MR, HARSAF ) e R S8, WA R GAHN T 58 4
MRS A AN, (HlETHERBAARE, SRRk, MR
PRl RS RIS -

Nl— :

Pl 5-1 5 i Z 455 1) 25 A HE [
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BT &R GBI RS Z AT BEAAAE AT LUk S B0 e P X LB RGOS
ELFATRENIR, WWEPMBRRS B REENRTE, AH—RE
SRR RER RGN E S, FFRILGE I FOMBE UL BT BEAT 4. AR FRH Yu 19
WEFC RS, K RGURESE LIRS E N TR AW a7, DURERAE R g8, Rk
ARG, FRARGMRRRGE L RBM RGN R, WRESHERTHIZRER
Gi o0 AL TR IR A ] RETE B B AT W SRR 0T, S ARG SR E A R LAl g R
FEVERIRIER . 5OCHR[9OI AN R Z AAE X A 48 CGERA) IRASH MR BE: SCHR[99]
FRB ARG G RS FETIUE, AEFERERG GRIE) REEN
TEE .

AT IS5 2 HE IR -

5.2 TR 4 SE A% (€ SOMWE JFUTAE L BE Al I3 8 DA SE 2 A 4 iR AR e G
WESEM L ENE; 5.3 R H e/ N B AN /N B X IRZS S 9 e 8 4% (1) R GL itk AT 4t
B 5.4 TR FERAS IR RGPS RMIRIAE . R, JFRAER R ARG, Ik
THER AR RETE BRI R GE T FEVE T AN R Ge ml RE W] SEPE 0T 5.5 T LA AT
RACEE ARG NH, 25 MR R GRS R LU & BT A I R G flise, £ R
GRS G5 F) R B L Al _E X R ST AT RE PSR HEAT S AE

5.2 SEEIEHYE X AR

5B HE X 2-T B TR RSN E S AL B AR T _Eif SR T i 5T
BB PR SE M . A28 58 A b () — e L Ak g 122

EX 51 WS REAK(L)WTHK, HXSHE—-ANESTETHE
vT eS,ATeS, MFKS 2 LT,

B, —PNEEEPHET A FIEEATIRT RN AT &K, HH, —
MEA—ERTBR/IE, TR FAEEA—E LT

THNMHAES LRHEEE.

SEX 5-2 MEiaHE NEESEP FTFEX LRET: X > X, HilL:

(1) . X >X;

(2) T X=X

(3) Hifl: HX2Y, MX=Y.,

FEWHMEEET, H46 X=X, KX EHE.

EH 5-1 g MBI H T, SR TFEN TESO T RRBA—N TR,
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H AR REAI.

EE 5-2 WPEAZA (BAyn) WikTeE, HPIMEEIETFHEA Tl
L, NP 255

R 51 BPRAZAO (Fim) MWFHE, HPIREEIETFEA EWA,
W P A2 5E &4

EH5-3 B(L<)R5E&H, SELWIESTHE, BXNEEX S, XELW
BN EAR (R TS, WS EHE&EHK.
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Sebr b, —AEEREEZ AL OLE, R FHTHEA—CEAL&K, H
TR

S 8 MG 1R 58 SURTIE R FT DL, SE & AR 2 — PR R I P8, 58 2 4% T 1Y)
EEIET FEEEA LA THA, BRE—fGZR: FoMBEfit. XE
SV, RIUN R R R S IPIRES, X IER KRG TR AAE RS2 bR
fEOL. SCER[991H R4t GE) RS NWFEME R BEAT ZrE A, BT
BE IR AT AT B R BEVE B I SEPR R . IE Rt TP EERT RS (i) R4k
B RIG RGBT, BiE RS R RERE SR EHEREZAME. H
T bR TREF SR RN AR, BRGNS GEF) i
WRE GERRFBO WTUME—#E, SINEEEHRRGREE, BEREILRGR
BT REAEAE AT EOE , BAE N B BT R RS SRR RGO EHE N
F AR BLs > T AR & .
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5.3 RZHE/NEEMER/NEIERHIE

NTHREHE, — BN SR /N B, RS I 35 6 2R 5 13
A BNEIE R MR NG, XSRS R GRS DA B R 4
RASEHEATRIE, T RS 2 T RO AR T L . 26 R G
HORASSE, ZEIFERE b, 0t R Gii N B RN B A o,

T 55 B AGH n ML, WA RGHUR A S DI TE A4
(E;,<)~ (S,<), ielLn]kz%l.

(E;,<):E; :{ef’,eil,eiz,---,ei'\"i},i efin]
(S"<):S:{50'511521""SM}

Hob, SAMEAHAME— R TEeM sy, AN TEeL, sy, F b, BATLERH
PRI R G PR, /N TR S A R G Se 2 J IR S . I 4 2 v A
TEEZ R RNRTHRFR <, EXLT

&xy%mﬁﬁﬁﬁﬁﬁﬁ‘?@éa%&%%ﬁﬁ%,k%@x?wxJ,
Y=Yy Yorros Ve) Mix<yoViel- n, x<y, HIigp X <Yigo FELL,
ﬁaW%%ﬁﬁ%W=¢ﬁﬁ%,mwﬁ,%¢ﬁ%§=%ﬁ£wﬁﬂo

%X&6@&n%ﬂ%&%§%ﬁ,ﬁa»si%@ﬁ¢ﬁ&?ﬂ%ﬁz

(1) ikt Vs, €S, 3xe[1E/MfEd(x)=s

i=1

(2 J__E)H\]J‘HE' ¢(ef,eg,"',er?)=So$u¢(elMlae;A2!"'!er':An)ZSM

(3) HIHE: (v(x,y) e 1%1 E, j(x <y = @(x)=a(y))

(4) =Btk xtie[Ln], EIXEﬂlEi, ﬁ??f(/ﬁ((ei“"i)i, x)> ¢((ei°)i, x)
TIFR ¢ 95 4R s BB S 00 R 25 M B K

BT A RS RS S E (e [Ln]) S HHRATCAEATE, 5RLHE
ﬁwéa»s%ﬁﬁ%A@ﬁﬁﬁ,%XmTz

%XSJﬁwDﬁ%éER%—{y%QL%%%,EWE%ﬂFP¢%ﬁ%
XD, 5 gP(x0)=p(x), WIFR GO SLEHIRBL S O EL AL
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REHL 55 37 ¢ i LT L 5-6 FK M M 2 IR HL IR R R BE M 454 oA 5, W
RIS LS HT R RIS 2 WA F B SR IR AR R A 140 R
TEX 5-8 X T Vs; €S, FAREME XL

#(x)=s; XeilillEi,

#(x)=<s; Yy <X, yelani
i=1
WFRIRAS 17 B x s AT R . 38 PgoNs; KT /NS TR R ISR G o
EN5-9 XT Vs, €S, FHIRAH & XL
#(x)<s. xeT1E,
i=1
dy)<s, Vy=<X yef[lEi
MIFRARE M X N s, K/ hEl R E. 18 Kg NS, KT/ R & LA
EDNIER
o ()= L XXy X4 €Py
0, FAih
i ( )_ O’ %ijisky Xisk EKSk
L Hopl
A HEAF M R B /N BIROR AW
%@56&¢ﬁzw§$w%ﬁ%%m%mgﬁ,memﬁa,

#(x)= v s; - max|p} ()]

sjeS 5Py

= v s omag[p;j (x)]-min 1 max p; (x)

sjeS Xisje A sl=sj| xyePy _
#(x)= v_s; - max|pi (x)
sjeS X €P;

s

= Vv s; -max[p;j (x)]-min 1 max py (x)

sjes xyeP; sl=sj|  xyeP,

ST ¢ BIXHBL RS 4O, AR
%@57&¢ﬁ%%§$ﬁ%ﬁ%%%%@@ﬁ,wmeﬁg,xﬁ¢m%
ANEECED R e xPReg P NE (R TR
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54 UG EBHMASRERGRSENRG ARSI

BT RGUREHE (S, <) A ht, HEMREZFARFRR, FRRG 6
LM RNTEIFRE LU E TR L RICRE . 18 St ={s ),y =S NHFEKRAHERZ
FRGTAERITRRGERES, BT —EEPRTaRI AT F R, 8§
AT Fr A ATRERI RGUIRAS, AH4E Sy PRICER AT LS 2 Leaefi 5. A2, Xt
TRGRE s, Is, eSp MG s;>s, WMARGLAT LIRS AXTRGERES,
3sp € Sp it s < sy, WARGATRICRE . T S; X—RATTHRREE, R4
PRAS I 53 Fy 3 .

(D TTBRRESSER 44 UB(s,): B(s, )= {sj‘sjzst};

tel

(2) TIBURAREN TS UW(S,):W(s,)=15;l5; < s, |-

teT

RG] RE R SR RN R GUIRES AT TSR B S AR AT R
541 ERBAGRSENRNGREUELEDH

ST ARG, R AGE M LT AR, 0 RGORE [ (S,<)
S=1{s0,5,S, " Smj > M T REALAFM KA EAG t+1 DN TTRRE,
St = {50,515+, 5 | TR RGN TR A4

(1) REWHIEN RGBT I TRIRAZ — IR

P%j%e Umg%=%2f6@0>

S, €5;

=2 P<Si‘sji5t)

s,€Sy
ARt
S,€Sr \ 8; =5

- 3z Pl

S; =Sy S€5;

(2) RGEAIRER SN RGUIRSIE T TR 2 — Ay mT e

(5-1)
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H{s i

5 e o) -y, et

S, €S;

=V H{s-‘stst} (5-2)

s, €Sy

= v T{s

S, €Sy

542 ERBAGINSEN KR E A EA EES

[RGB N AR RO F O S BETT AR, B0PE 1A M, + 1N TSRS, At +1
AR, JEHIET R0 (B, <): B = ol o™ |, 6P I0TTIRLAR
BN Er = o, 8,808 |+ Te[Ln] TR 541 IR, S T

PE:
P{ej e; e UB(e )} = Y P(B(e,))
ek ek (5'3)
- e->e,ze eEy P{ej }

GIICRNDEIN I E R CSF

n{ej

¢ < Ul - . niete)
= v H{ej‘ejtet} (5-4)
= . H{et}
%%D’ /Z%Q}EEI/‘J?E'? A@ﬁ?’?ﬂX):min{Xl, X21"" Xn}9 VXEIE[EP XiEEio

i=1l

(1 HBERARG SRR

Irerfllg]P{e e quEB(et )}: irerfli'ﬂ](eﬂwze‘eai Pl }J (5-5)
(2) HECRGARE AT SEMETH ST
motlefee o) - e k)] 69

5.4.3 SEE I RGOS ENFH IR R G W RE A EME 04

B e n AR FEV R ST A, FPE A M, + LT RBIRA, At +1
ANTTBRARAS BB PR RS2 (B, <): E; = 0, el, 67, -, e |, ki 1 THLIR
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N Ep=fo.enen ) o ielLn] o B A R G0 4K R BN
B(X)=max{x, Xpr--rs X, b VXeﬂEi, x € E . K& (5-5) Mk (5-6), AJLIK
28 R R GRS A R

(1) FFBERG A 5E:

(2) FHELRG A RE Al 5
.T[?X,q H{e ile; e ethTiB(et )} = irlwﬁ((et Y% I1{e, }) (5-8)

5.4.4 SER IR RGURSERN k/n(C)RARARZ AT RERI 4T

[ R G n AN FIRM LR, 4k MBIk A L T TR R T
fE@Q<k<n), A n-k+1MBEMEER, REME. 50, Mk=1, Un(G)R%
FR N ARG Mk =n, n/n(G)RLHHEn A MBI B R

VERRAE I M LA TR A, B t+ LA TTRORAS, 300 B R 25 2 1] 2
(E<):E=f° et e ™|, MIMITIREENE, =l 01,6518 ). i c[Ln].
FERBE 2 0P £ I B T PR 25 25 T T TPRARAS O B A

P{ej ejc UEB(et)}zl- R Pl; ) (5-9)
AR S T T IR P RPN -
H{ej &€ UB(et)} :H{ej e € {E - UB(et)}}
&<k, ek (5_10)
= vy

eje{E- UB(q)}

(1) k/n(G)RIRG A M ARG H B k MRS T TTRR A2 —
HAPEIERE S T IR 2 — . |
e € UB(et)H

c! -Hej e € UB(et)H -{1- P{ej
e.cE; eckE;

R K

e;~8, eck;

Itgs

(5-11)

(2) k/n(G)Hth RETTEENE R ARG % A k A EBAERA T 1 TR A 2 —
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HARTHMHRES TGS 2 — 1T ge
H{%é}ﬂjﬁ//’\ﬁ KA EBRIRZS I T T TRRR XSZ—,}
KRS ATIIRREZ—
<TH{RGHZEDLE KMBERERT IR S22}
ATH{E -k BHRES S T IRk S 2 —} (5-12)

min{l, cr- H{ej e e UB(et)}/\H{ejejé UB(et)H}
ek,

e.cE;
=min1, c,ﬁ-( I ) I,
min e‘;/ET {et} A[e,e{E-VUB(eI)} {ej}}

et eET

5.5 B{EE A

PASCHR[99]H T 81 o0 A7 sUAR B R G0 N, X6 22 IR 70 A7 3L B R G 75 58 AR AE
BRI RS EAT AT . B Sadh ARSI o A UL B R AR

(1) A A HE R G HAT PR LA AR E, —RRANTE — At b 2
TCHAT BIA AR, 5 — 2K 2D FE AT A2 5HATH 0 AE L.

(2) RS H YA KBS AN I8 15 BE R DL Torus $a 4S5 M H4 B

(3) HAVEERR I eI HA 2 T 34

(4) FF— SRS —/NbF # T (Processing Element, f&iic >y PE) F1—/Milfl
{5 #1 %% (Communication Controller, f&ic A CC). T [A—5 i ip A AL HE BT N
AR 2 SR AL AE [ — A HUARAE A B 2 T, BT 12 s G, ARE fal B (ks
— AN R PR AR AR R, TR B E AN SRR RE A 2 RSB
.

(5) RGHIAT RFHIEH 2 IREEATATRIR.

AT GRERAT AD MR R

B — b Ll — MR O — AN B R B ,  [F 1 AU A
JTCRUEE IR AR 2 0] s-AHC, (BT AR . B A EEST 25 (&5 4 mT LA
SE ST R IYASIRES -

W et s AT A TALEAS M 28 55 TAE, AT ST 58 iR A

WA el ALFR A THRE, WASIEMA EH TR, ACHT S AEs 58 i — 28 M
PEEGES R
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IRA €2 E(E T A, AOFRA T IE N TAE, AL A0 5 A LR L,
(EP R A DI BN (R
IRAS ele AT B TT RIS 21 2 38 b
S o e A R IR A 0 5 S, T A T AR (0 5 AT 7T R P 5-2 2 I
o T4 AT AL EE R SR U AL RSB BN E =l e &% eff,
i=12,34. DM IIUASIRES, RS @ AURA e Z I ik L AR 45, IR e
RAERASEE, 10 RIS, IR e R IR E, 10 TS, TERIRALE E, MK R
FF 3 % < B — AN 52 44 o ‘
(e)

<N
S
\/‘

Kl 5-2 AbFRAT SRS DR O A G ER

X F DN b ER T A R o A A R g, HAUH AR EERE ST (Processing
Capacity) FUEIAMZRZA (Communication Network Condition) #/NZ%uiE .
A3 fe ) BT IR TAE A AL B A /N H Gl T RS BH I8 A5 4 0 28 IR S P
PeE . I, AEFRRE I AT K IE W TAE AR ER e AN 0-4 HEHATHEIR, IE IR AR
I3 N = FhE L .

(1) 5845 (perfect, p): AT VU w38 52 0 I+

(2) 3 (good, g): =ANTAET S IEH ERE,

(3) #K (bad, b): ZEZAMHAT LR IER.

AT AL R GUIRFES T R 5-1 #HATHR IR

# 5-1 43 AL EE R GRS R A

PE 4 3 2 1 0

ccC pgb pgb — — —

State  S7 Sg S5 S4 84 S3 S, S So

B, RGUIRES s, Fon A AL B R GIA X = m R B RE T, ATTRESS
TR T, oA RGIREEs={s)  , RETEREZEIHF
KA MK 5-3 ritiid . L ot al IASEAES, RGUIRESE s R 7Kk R < MI—
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9
O
9
/! N
7o e

K] 5-3 734 AL R GRS HIFE R &R
L, RIESHIRE S RGORE Z R RER RV EER AL g & LA -
S, RGMT IR
S A MACEREITIYIEE TR, — M@ Gl as i
Sy A MBI TTIY IR TAE, PRS2 i %
Sp —/MACEREL TR H R — 1 T B IS A 45 ) A% T RE W,

B

p=1  FAb=AT AR
sy — MAOELATEHbE,  HLE AT — AN FUAb T R R A 2
s, /A BT
s, = /UNT T
S, /LT R T

o

B A S B R G T TARRGE H HAZ R Gt ae s ss o A A fflk, TR
GRRIITRRIRES RN (s, s} A (5-1) AI3 R Gl FEME -

P{sj s;e U B(st)}:P{s4}+P{s6}+P{s7} (5-13)
S €St
é‘l‘[{eﬂ}?’ﬂ%)ﬁ i PR ) AT AR, H{sj}?ﬂ%éﬂﬁ%&sj P RetE. Bl
(5-2) "3RG R FEMEAN:
H{sj s;e U B(st)}:H{SA}vH{sﬁ}vH{s7} (5-14)
€Sy

SCHR[OO)F LUt BT T R TN 8. JE T TREVEREIE, 4tk R
FTREATSEME RO TS (IR ALY AL AR U DB OB S 1P 52 TR T IR
€'} =123 4 RREITTAEE T ()} fihn T L4

I‘I(ei4 )s H(ef)g H(eil) (5-15)
1‘I(ei4 )s H(eiz)ﬁ H(eil) (5-16)

B RO IR T R AT REPEEAT 0T . RS s, FATL A A XA B R
Grh—AMRELATT (PE) b LI — 45 2 F (i (5 8 (CC) TRk thbhy, &
F AT IR LA,
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b= TSR TAE, A& A S PE k)
(=AM S EH TAEIN ((PESRE, CCHbalU{PEMIE, CCIEH])
{EA G % TIE AT(PEMME, CCllalU {PE#E, CCIFH})
(A S IEH TR A (M{PE#EE, CCHbay TT{PEHLES, CCIFH})
i nTe ATt (e} v 1l )
i { (rrfe? v 1t )
H,“}

ﬁ¢uﬁ%~¢£ﬁmm?ﬁ&“ﬁﬁ&ﬁ§%mEﬁ%5%%@%@%
BB TERE S PR S AL R, B AR M B A e — sttt
(5-15) A (5-16) 157,

IRZS 5 FAE A AU IE 5 G5 rh AU I A T (PE) HIIEH TAE, —ANlfsH
B9 (CO) MBEHIRAS . WA s, RIE RGHANT ST 581 IRAS «

Tl{ss } = =AW SIEH TME, & F A1 SPEIEW, CClk)
= N({=AN17 AUE# TAE|N {PETEH;, CCiith])

A I TAE A TI{PEIEH, CCHls)

=
%ﬂAH{}AH{}AH{}

s, }= THIUAN A IE T4
<Tle ATt fa Tl faTTf =1
T s, ). TTise ). Ti{s, ) AR L F et |, MR (5-14), ATFIA
FGE IR AS A PR A T BB 2R 5 7T R P S MEEAT B

H{sj s ES[EJST B(st)}=H{34}vH{56}vH{s7} SH{ei“}

Fe b, AR RGER =AY SRS, BIEDSR =AM AT T
TERES, R e RAELLIENT ST TR . BT IRt BRI, 0 A =04k
ARG 10 AT R ] SRR A AT RORES o I FT REMEA SE

TSN T Ab B A2 RAS IR T R BEA U T s

el j=1, T1l?}=095, TTl}=0.9. Il}=08
TR, BR=EAAT RS 5T A7 A 40 A5 A HE R G m R vl a1 15N
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5.6 KE /L

A BB R GRS 2 O LR R 7 R AR B SE A%, DU 2
[T RE B AT LU BT o 50w P SR AR A2, USSR s R RS SR 1 R G 45
PR EAAE X R AR R B AR, X PASE s A4l 2 RS RGUIRS SR M SR I &
giv JFERAR IR R R G55 M AR G000 ) B TR AR AT AT REVE BIR HEAT R g0 52
PEIP AT AN R GE T BE T FEPE 0T, A5 H RS R SRR AT T BE AT SRR RIA I, it —
DR 7R 2 B 2R R SR R iR B IR At . DA A UL B R G 1]
BEARGHANE Y RIS SR e S HEAT HiA . 19 2 [RIRE LS8 A 3E AT 1 IR 1) 2
ATAE B R G HPIRA S . R REPEBEAR (LAl 670 A sUALBE R GE ) v] g vl 524k
BEAT I3 A AT E
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B NIt 2 IR R IR 2 BOR A0, RIR RGN & 1583,
NFNRRE AW m, 7= i AW SE R, DR R G iE & H R e F s i
& GE 9 I T A BEANTS 72 1 i) A A 2 10 sk LA o 113 A R R AR AR [BE =2 B
PRARNFIAN T E TR o AT REPEZEE LURT RENE I ST L6 EE I 1K — AL B oK 58 7
XAFIANG E VE IR, & 1052 AR Ji D Ak B TR P IR R ANl e PESR 11 1707
2. [, HEBRGUREZ A M REAFAERI AT LENE, $RH LSS % MR HiiR 2 4t
WaESE, AEBBR G SRS RS AK LA N DI AT T B — 781
A SCEE T AT RE MR B AR RS AR PR AT e 1IN SE PR R gt ] SE P20 B i
(=

6.1 RXH)EETTrk

BEXE Z2 40 AT SEPEBRIR K R TR AR AE I R AR A O B HE AR, A ST DU e D
AN P AR R GUIRAS AT EE MRS n) @ R R, 28 T T Re 1 B AR R 0t
RG] EME D HTAT T, HEENES:

(D B TR S SNSRI Fe b, SREL T S50 R AN 2R T
B BTSRRI ETIR. i REUIRESE N T, 1E Cappelle F1 Kerre 1142 H
PIIF AR 98 R I EEAL B I N A& MRS 3T KRG T e T S A, 45 S5 R AL
RSN, BRSNS LR T RESNT TR, M SR A e
WG, FHEM SR E UM B AEFE A2 br TRE R BN, KRR IS 5 SEPr 45 4
N TREAP 1S 23 L 2 A LTI R G A At 7 BB LAt

(2) T ReME B X 2RSS KRG AT T T RenT MM, $24E T RG] Re
AAEMERITE R HT RGUIRES BB, 115 RGUIRES AT Be 547 M LLRER,
M 525 i Cappelle £l Kerre {8 -4 H (105 2 BRAS 45 44 pR BB 10 R0 o] BEME 3R A 45
BB RG] RE T SR MR B TE T R B o AR SCHESE T Cappelle 11 Kerre 4 T
1B, B SIRKBERIR TR RIERGRE SRR F a2 MM NEREER, £
AT 1 22 B8 T B T S BR R S SO BTN R GRS AR AR AR IR 205X — BBk &R
RGURGS HH X P R T BER A 5y 2 (R R EOC RN R, BAEUAFIN RS
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WETTREVE T e A Dy — € 5610 X R GG e vl BETE R 70 Hr, AT A5 21 R 42 T RE
AEEVERITHE I A, X AR GE A R SR KPR FOUL I I 22 %6 28 Gt ml e ml S 4k
RISZEAT 70 A, 5638 1 4 R ge ] ge nl SEVE B T 7T

(3D SEHER 73 Wi 5 52 M P 2 B PT AR AR, x50 7 il e 5 e ] 2
PRI AP K R A2 2R G ) S P 20 M A 7 il e m] e BSHE SR 1) B A T 44
RGN AT RER ST XS FRIR AT A2 By IR W] 2R R ST F i VR I 25 18 S 70 it
e 2 0 W] S (VIS T PR IR IR ATE A S5 28 Gt 4 S A 7 i B i ) 2
BT RGRAY, FFR FIRE R A AT SE PR B R T SO R A T SEVERR AR . XS BB A
YR RGEANTE RE 1 B 73 s i v] 2, 3825 18 1 ER 23 di R i m] AR Y 1
, IR ATREVEER XS W R AT 0 b, 195 7 RGBT AT REWT L, LAt
A REIE BRI AE P EE AR B 1 A A SR A R o

(4) e & HORMIE RGUIRESE, IR RGITE T RS r] Stk
e BT SRER TR RS DL, B 2 e e xd Sbr R GUIRS R IR A8 52
=, AWK R LRSI B R GRENZRE RGNS . RN
JE B TARESC B b A BEHLANH E PEATA KD AT E IR, 70 0 AR A IR AN AT REVE B AL HY
Ko JEITXTLSE % Hld 2 RS RGURS R A R G T S04, BRI RS
AEEVERT AT RE AT SRR RIA S, vt — D ok R BRI 2RSSR R S0
Pt 7R HEAL

6.2 T—SITIERIRE

ASThF Cappelle £ Kerre 18 42 H (R8s 22 IR A8 G544 o) 2O 1R FI AT e B0 AH 45
ARG RERTSEVE T RIT T — DRI AL, W R BGEBARIRS T R GRAS 2 6]
BRECC R R RS CAE BRI E, WE2RE RFEEAT TR AT S
FTEEE, 51N 2 Wi 5 52 m mT 2200 5k ] 2B IR AT 4 FR vT REFT SEME RS, R SE 4
e RGURERIRIE, WRGATFEMEMATHIFE, T sLEl vl GEHEER AR 8
TS G BT SEME b . FERLIERE b, 4 J5 ¥ 4k 2R Bl 58 R G AR 72 AN e AN &
GUARAS AT LA A 0] R Jg gk — 28 (i 9«

(1) Ay g e 5 M T 200 5 T 4SR5 2% AT R e kvl SE v e A A
Jiid e ARSI 1 5043 Wi e v 2006 (1) T S0 2R R 6 v A8 2 G0 9 W] S 2 43 BT 05T 43
T B TT 22 B AT A IR ) B A AT AS R G AT RERTSEE AT . FESEPR TR RG 45
Yy gk, BT RGN BB A IR R SRR TS R G S5 KR E AT A
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TR R R T A T S B S AR BB B A T B R G AT AR A

(2) RIS & IO VE 50 2 IR RGUAE SE AR HEZR N I R St A EAT 3 —
SRR R . e A ERARE TR LR AN 7 R, KPR —
YRR 455 nT BETE I BE IR AT I, BETASC RS 1 R GE AT e T e R IA G
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(3) 55t BENLAN E PE AT RIANEA 5E 1k [ I A AE B SEBR B DL, 455 BEER R AT
A REPERR IR XS SE B AR HESE N B 2 RS R G HAT AT SR AT AT B . AR SC A &
R RETEER I AAS AR XS AR 48 w] e AT SEVEREAT 70, AEAT XS ANEA 5E 1k (11518 o 25 L
TC VNI E R 3940 T BENLA TS R R MAFAE . L b, XA E Ik
IR KA T AR SERR R, A7 46 BAE R B R G IR A S el ST AE i 7 5K &
SRS B AT T XS BEATLANEA 5 AT AR AN 2 1 R B A7AE T R 2R 4 P 5
PEREAT 0T o

(4) SEESERRIRRREL Al 55 B SRE  dh EEAT N 38R A . AL
B MBI T, JRELRIWE T 5 8 R RETE EAR RIRAR AN 45 5 10 R St ] SE
AT INEN B TRESERR IR R, Bt DR IR R G AT I, 45 B TR
SCBIHET B2 AT EVEBR ARG I8 1) 2 IR R G S MR BB T

83



L BHEOR A1 22618 S

B 5
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Wt malt. BAaEt. BREE L S, 20, Sa
R, RESEICE A ML, — R LR, HFEESHH T, B
A ATT %) B AN s Bl o

BOL KR AL BE, RANITRA ZAH SR, BHEHARA T A SRR,
LA BAAE O e !

B0 R BT 2 rp il IR )2 5 A SOV R R B B ) A A AR A L K

e, SO T S SCRR B — JE 3 s LU ) R !

84



S 30k

B2 3 HR

[1] ZEA. BENLGS ) RS-0 b SR [M]. dbst: Rt 1996, 1-4
[2] BREF. ARG B TR AR I M]. b5t BB Tk it 2005, 85-109
[3] L. Zhao, Q. Chen. Neumann dynamic stochastic finite element method of vibration for structures
with parameters to random excitation[J]. Computers and Structures, 2000, 77(6): 651-657
[4] J. J. Chen, J. W. Che, H. A. Sun, et al. Probabilistic dynamic analysis of truss structures[J].
Structural Engineering and Mechanics, 2005, 13(2): 231-239
[5] W. Gao, J. J. Chen. Dynamic response analysis of stochastic frame structures under
non-stationary random excitation [J]. AIAA Journal, 2004, 42(9): 1818-1822
[6] S. X. Guo, Z. Z. Lv, L. F. Feng. Fuzzy arithmetic and solving of the static governing equations of
fuzzy finite element method[J]. Applied Mathematics and Mechanics, 2002, 23(9): 1054-1061
[7] S. S. Rao, L. Cao. Fuzzy boundary element method for the analysis of imprecisely defined
systems[J]. AIAA Journal, 2001, 39(9): 1788-1797
[8] D. Moens, D. Vandepitte. Fuzzy finite element method for frequency response function analysis
of uncertain structures[J]. AIAA Journal, 2002, 40(1): 126-136
[9] H. Z. Huang, H. B. Li. Perturbation finite element method of structural analysis under fuzzy
environments[J]. Engineering Applications of Artificial Intelligence, 2005, 18(1): 83-91
[10] W. L. Oberkampf, J. C. Helton, C. A. Joslyn, et al. Challenge problems: Uncertainty in system
response given uncertain parameters[J]. Reliability Engineering and System Safety, 2004,
85(1-3): 11-19
[11] B. D. Youn, K. K. Choi, L. Du, et al. Integration of possibility-based optimization and robust
design for epistemic uncertainty[J]. Journal of Mechanical Design, Transactions of the ASME,
2007, 129(8): 876-882
[12] C. Simon, P. Weber. Evidential networks for reliability analysis and performance evaluation of
systems with imprecise knowledge[J]. IEEE Transactions on Reliability, 2009, 58(1): 69-87
[13] H. J. Zimmermann. Fuzzy Set Theory and Its Applications[M]. London: Kluwer Academic
Publisher, 1992, 111-139
[14] H. Bandemer, S. Gottwald. Fuzzy Sets, Fuzzy Logic, Fuzzy Methods, with Applications[M],
Chichester: John Wiley & Sons, 1995, 1-239

85



L BHEOR A1 22618 S

[15] A. Cherki, G. Plessis, B. Lallemand, et al. Fuzzy behavior of mechanical systems with uncertain
boundary conditions[J]. Computer Methods in Applied Mechanics and Engineering, 2000,
189(3): 863-873

[16] G. Shafer. Mathematical Theory of Evidence[M]. Princeton: Princeton University Press, 1976,
35-73

[17] E. Zio. Risk-informed Regulation: Handling uncertainty for a rational management of safety[J].
Nuclear Engineering and Technology, 2008, 40(5): 327-348

[18] S. Salicone. Measurement uncertainty: an approach via the mathematical theory of evidence[M].
New York: Springer, 2007, 17-48

[19] G. Alefeld, J. Herzberger. Introduction to Interval Computations[M]. New York: Academic Press,
1983, 70-141

[20] K. Y. Cai. Introduction to Fuzzy Reliability[M]. Norwell, Massachusetts: Kluwer Academic
Publishers, 1996, 1-29

[21] D. Dubois, H. Prade. Fuzzy Sets and Systems: Theory and Applications[M]. New York:
Academic Press, 1980, 9-146

[22] E¥ra, FRR. FET FOSM LTS/ ANHT 28 R G AT SEPE A T[] 152224k, 2007,
24(1): 40-43

[23] S. H. Han, W. S. Park. Reliability assessment of corrosion initiation of harbor concrete structure
using FOSM[J]. Key Engineering Materials, 2008, 385-387: 621-624

[24] C. G. Bucher, U. Bourgund. Fast and efficient response surface approach for structural
reliability problems[J]. Structural Safety, 1990, 7(1): 57-66

[25] L. Yu, P. K. Das, Y. Zheng. A response surface approach to fatigue reliability of ship
structures[J]. Ships and Offshore Structures (Special Issue: Reliability Analysis in the Design of
Structures), 2009, 4(3): 253-259

[26] R. Billinton, W. Y. Li. Reliability assessment of electric power systems using Monte Carlo
methods[M]. New York: Plenum Press, 1994, 33-74

[27] Fhidhy, #MVE#. 3T Monte Carlo 75 GA BiEHIE I RS al FE R[] R4 TR SH
THIAR, 2008, 30(12): 2519-2522

[28] C. A. Cornell. A probability-based structural code[J]. Journal of the American Concrete Institute,
1969, 66(12): 974-985

[29] A. M. Hasofer, N. C. Lind. Exact and invariant second-moment code format[J]. Journal of

Engineering Mechanics, ASCE, 1974, 100(1): 111-121

86



S 30k

[30] R. Rackwitz, B. Fiessler. Structural reliability under combined random load sequences[J].
Computers and Structures, 1978, 9(5): 489-494

[31] G. E. P. Box, K. B. Wilson. On the experimental attainment of optimum conditions[J]. Journal
of the Royal Statistical Society, 1951, 13(1): 1-35

[32] F. S. Wong. Slope reliability and response surface method[J]. Journal of Geotechnical
Engineering, ASCE, 1985, 111(1): 32-53

[33] C. G. Bucher, U. Bourgund. A fast and efficient response surface approach for structural
reliability problems[J]. Structural Safety, 1990, 7(1): 57-66

[34] M. R. Rajashekhar, B. R. Ellingwood. New look at the response surface approach for reliability
analysis[J]. Structural Safety, 1993, 12(3): 205-220

[35] Y. W. Liu, F. Moses. A sequential response surface method and its application in the reliability
analysis of aircraft structural systems[J]. Structural Safety, 1994, 16(1-2): 39-46

[36] S. H. Kim, S. W. Na. Response surface method using vector projected sampling points[J].
Structural Safety, 1997, 19(1): 3-19

[37] B. D. Youn, K. K. Choi A new response surface methodology for reliability-based design
optimization[J]. Computers and Structures, 2004, 82(2-3): 241-256

[38] H. P. Gavin, S. C. Yau. High-order limit state functions in the response surface method for
structural reliability analysis[J]. Structural Safety, 2008, 30(2): 162-179

[39] H. F. Ma, A. H. S. Ang. Reliability analysis of redundant ductile structural systems[R].
Structural Research Series N0.494, Report No. UILU-ENG-81-2013, Urbana: Department of
Civil Engineering, University of Illinois, August, 1981

[40] C. G. Bucher. Adaptive sampling-an iterative fast Monte Carlo procedure[J]. Structural Safety,
1988, 5(2): 119-126

[41] R. E. Melchers. Importance sampling in structural system[J]. Structural Safety, 1989, 6(1): 3-10

[42] Y. Mori, T. Kato. Multi-normal integrals by importance sampling for series system reliability[J].
Structural Safety, 2003, 25(4): 363-378

[43] 5K, ZEN4H. 2R R SR AT AOREUL B BERRE V5 0], L2 JI%%, 2007, 24(1): 33-34

[44] RAEAR. ZikgnTSEE M) dbat: NRASE H kit 1990, 117-140

[45] J. S. Liu. Monte Carlo Strategies in scientific computing[M]. New York: Springer, 2001, 53-104

[46] BELpd. b A AT SE IR B VR 0 b PR AR - R B T SEVE IR 17 A L R KR T
[0]. WUBk#EiT, 1994, 11(3): 1-5, 47

[47] R. E. Moor. Interval Analysis[M]. Englewood Cliffs, N. J.: Prentice-Hall, 1966, 1-39

87



L BHEOR A1 22618 S

[48] R. E. Moor. Methods and applications of interval analysis[M]. Philadelphia: SIAM Publications,
1979, 9-18

[49] Y. Ben-Haim, I. Elishakoff. Discussion on: a non-probabilistic concept of reliability[J].
Structural Safety, 1995, 17(3): 195-199

[50] Y. Ben-Haim. Non-probabilistic concept of reliability[J]. Structural Safety, 1994, 14(4):
227-245

[51] #A4kE, AR, Moo, T XIE M i a AR R T S E R R [I]. 155 2223k,
2001, 18(1): 56-60

[52] #h454F, . XA FENEI BT BOMERAAE 2R S B[], LB EE, 2002, 24(4):
524-526

[53] #h454F, BEH. SR RARM R T EME MO E ] T IR, 2002, 19(3):
332-335

[54] SBASKE, Tkug, 2R FER AR AT SE MR AR B SR AR TV [0]. B s, 2005, 22(2):
227-231

[65] FiR, {2, fmERiE. oottt DX Al ik S 3 T XA 20 M AR AT SE 4 2 B 75V ).
T 125K, 2002, 19(3): 260-264

[56] PhifF e, WA, MR RG X A A] S BT [I]. S RS R R 4R, 2007, 39(5):
637-641

[57] #h4ite. ARREHLAG 2 454 f TS E ML Bt WEFE[D]. 1E 22 PEAE Tk K5, 2002,
11-28

[58] Y. Ben-Haim, I. Elishakoff. Convex models of uncertainty in applied mechanics[M].
Amsterdam: Elsevier Science, 1990, 44-69

[59] I. Elishakoff, P. Elisseeff, S. A. L. Glegg. Non probabilistic convex theoretic modeling of scatter
in material properties[J]. AIAA Journal, 1994, 32(4): 543-549

[60] I. Elishakoff, G. Q. Cai, J. H. Starnes. Non-linear buckling of a column with initial imperfection
via stochastic and non-stochastic convex models[J]. International Journal of Non-Linear
Mechanics, 1994, 29(1): 71-82

[61] I. Elishakoff, P. Colombi. Combination of probabilistic and convex models of uncertainty when
scarce knowledge is present on acoustic excitation parameters[J]. Computer Methods in
Applied Mechanics and Engineering, 1993, 104(2): 187-209

[62] Y. Ben-Haim. Convex models of uncertainty in radial pulse buckling of shells[J]. Journal of

Applied Mechanics, 60(3), 1993: 683-688

88



S 30k

[63] Y. Ben-Haim. Non-probabilistic measure of reliability of linear systems based on expansion of
convex models[J], Structural Safety, 1995, 17(2): 91-109

[64] Y. Ben-Haim, G. Chen, T. T. Soong. Maximum structural response using convex models[J].
Journal of Engineering Mechanics, 1996, 122(4): 325-333

[65] K. Y. Cai, C. Y. Wen, M. L. Zhang. Fuzzy variables as a basis for a theory of fuzzy reliability in
the probability context[J]. Fuzzy Sets and Systems, 1990, 37(1): 161-172

[66] K. Y. Cai, C. Y. Wen, M. L. Zhang. Fuzzy states as a basis for a theory of fuzzy reliability[J].
Microelectronics and Reliability, 1993, 33(15): 2253-2263

[67] K. Y. Cai, C. Y. Wen, M. L. Zhang. Fuzzy variables for a basis for a theory of fuzzy reliability in
the possibility context[J]. Fuzzy Sets and Systems, 1991, 42(2): 145-172

[68] K. Y. Cai, C. Y. Wen, M. L. Zhang. Posbist reliability behavior of typical systems with two
types of failure[J]. Fuzzy Sets and Systems, 1991, 43(1): 17-32

[69] K. Y. Cai, C. Y. Wen, M. L. Zhang. Posbist reliability behavior of fault-tolerant systems[J].
Microelectronics and Reliability, 1995, 35(1): 49-56

[70] B. Cappelle. Multistate structure functions and possibility theory: an alternative approach to
reliability[M], In: Introduction to the Basic Principles of Fuzzy Set Theory and Some of Its
Applications, Gent: Communication and Cognition, 1991, 252-293

[71] B. Cappelle, E. E. Kerre. Possibilistic and necessistic reliability functions: fundamental
concepts and theorems to represent non-probabilistic uncertainty in reliability theory[M]. In:
Uncertainty Modeling and Analysis Theory and Applications, Amsterdan: Elsevier, 1994,
131-144

[72] B. Cappelle, E. E. Kerre. On a possibilistic approach to reliability theory[C]. Proceedings of the
2nd International Symposium on Uncertainty Modeling and Analysis, Maryland, 1993, 415-418

[73] J. Montero, B. Cappelle, E. E. Kerre. The usefulness of complete lattices in reliability
theory[M]. In: Reliability and Safety Analyses under Fuzziness (Studies in Fuzziness, Vol.4),
Heidelberg: Physica, 1995, 95-110

[74] B. Cappelle, E. E. Kerre. A general possibilistic framework for reliability theory[M]. In:
Advances in Intelligent Computing-IPMU' 94 (Lecture Notes in Computer Science, Vol.945),
Berlin: Springer, 1995, 311-317

[75] B. Cappelle, E. E. Kerre. Issues in possibilistic reliability theory[M]. In: Reliability and Safety
Analyses under Fuzziness (Studies in Fuzziness, Vol.4), Heidelberg: Physica, 1995, 95-110

[76] B. Cappelle, E. E. Kerre. An algorithm to compute possibilistic reliability[C]. Proceedings of

89



L BHEOR A1 22618 S

the 3rd International Symposium on Uncertainty Modeling and Analysis and Annual
Conference of the North American Fuzzy Information Processing Society, Maryland, 1995,
350-354

[77] B. Cappelle. Irreducible elements and the possibilistic and necessistic reliability functions[M].
Foundations and Applications of Possibility Theory (Advances in Fuzzy Systems, Vol.8),
Singapore; River Edge, NJ: World Scientific, 1995, 267-276

[78] L. V. Utkin, S. V. Gurov. General formal approach for fuzzy reliability analysis in the possibility
context[J]. Fuzzy Sets and Systems, 1996, 83(2): 203-213

[79] C. Cremona, Y. Gao. Possibilistic reliability theory: theoretical aspects and applications[J].
Structural Safety, 1997, 19(2): 173-201

[80] B4k, BT, DAL . HET Al R I 0 45 M BOMI T SE M VA 3], T AR,
2002, 19(1): 89-93

[81] L. A. Zadeh. Fuzzy sets as a basis for a theory of possibility[J]. Fuzzy Sets and Systems, 1978,
1(1): 3-28

[82] B. Cappelle, E. E. Kerre. Computer assisted reliability analysis: an application of possibilistic
reliability theory to a subsystem of a nuclear power plant[J]. Fuzzy Sets and Systems, 1995,
74(1): 103-113

[83] S. Medasani, J. Kim, R. Krishnapuram. Overview of membership function generation
techniques for pattern recognition[J]. International Journal of Approximate Reasoning, 1998,
19(3-4): 391-417

[84] G. Birkhoof. Lattice Theory[M], New York: AMS Colloquium Publication, 1948, 16-64

[85] R. E. Barlow, A. S. Wu. Coherent systems with multi-state components[J]. Mathematics of
Operations Research, 1978, 3(4): 275-281

[86] E. EI-Neweihi, F. Proschan, J. Sethuraman. Multisate coherent systems[J]. Journal of Applied
Probability, 1978, 15(4): 675-688

[87] S. M. Ross. Multivalued state component systems[J]. The Annals of Probability, 1979, 7(2):
379-383

[88] W. S. Griffth. Multistate reliability models[J]. Journal of Applied Probability, 1980, 17: 735-744

[89] X. Janan. On Multistate system analysis[J]. IEEE Transactions on Reliability, 1985, R-34(4):
329-337

[90] T. Aven. Reliability evaluation of multistate systems with multistate components[J]. IEEE

Transactions on Reliability, 1985, R-34(5): 473-479

90



S 30k

[91] J. Xue. Dynamic reliability analysis of coherent multistate systems[J]. IEEE Transactions on
Reliability, 1995, 44(4): 683-688
[92] J. Huang, M. J. Zuo, Y. Wu. Generalized multi-state k-out-of-n: G systems, IEEE Transactions
on Reliability, 2000, 49(1): 105-111
[93] A. Lisnianski, G. Levitin Multi-state System Reliability: Assessment, Optimization and
Applications[M]. Singapore: World Scientific, 2003, 51-151
[94] Y. Liu, H. Z. Huang. Optimal replacement policy for multi-state system under imperfect
maintenance[J]. IEEE Transactions on Reliability, 2010, 59(3): 483-495
[95] L. Caldarola. Coherent systems with multistate components[J]. Nuclear Engineering and Design,
1980, 58:127-139
[96] A. P. Wood. Multistate block diagrams and fault trees[J]. IEEE Transactions on Reliability,
R-34:236-240, 1985
[97] M. Veeraraghavan, K. S. Trivedi. Combinatorial algorithm for performance and reliability
analysis using multistate models[J]. IEEE Transactions on Computers, 1994, 43(2): 229-234
[98] X. Zang, D. Wang, H. Sun, et al. A BDD-based algorithm for analysis of multistate systems
with multistate components[J]. IEEE Transactions on Computers, 2003, 52(12): 1608-1618
[99] K. Yu, I. Koren, Y. Guo. Generalized multistate monotone coherent systems[J]. IEEE
Transactions on Reliability, 1994, 43(2): 242-250
[100] H. Pham. Reliability of systems with multiple failure modes[M]. Handbook of Reliability
Engineering, London (Part 1), New York: Springer, 2003, 19-36
[101] K. Kotowrocki, J. Soszynska-Budny. Modeling reliability and safety of multistate systems
with ageing components[M]. Reliability and Safety of Complex Technical Systems and
Processes (Springer Series in Reliability Engineering), London: Springer, 2011, 1-52
[102] B. J. Bichona, J. M. McFarlanda, S. Mahadevan. Efficient surrogate models for reliability
analysis of systems with multiple failure modes[J]. Reliability Engineering and System Safety,
2011, 96(10): 1386-1395
[103] Z. L. Wang, H. Z. Huang, X. Du. Optimal design accounting for reliability, maintenance, and
warranty[J]. Journal of Mechanical Design, Transactions of the ASME, 2010, 132(1):
011007.1-011007.8.
[104] M. J. Zuo, J. S. Huang, W. Kuo. Multi-state k-out-of-n systems[M]. In: Handbook of
Reliability Engineering, London: Springer-Verlag, 2003, 3-17
[105] E. Zio. Reliability engineering: Old problems and new challenges[J]. Reliability Engineering

91



L BHEOR A1 22618 S

and System Safety, 2009, 94(2): 125-141

[106] A. J. Li, Y. Wu, K. K. Lai, et al. Reliability estimation and prediction of multi-state
components and coherent systems[J]. Reliability Engineering and System Safety, 2005, 88(1):
93-98

[107] A. Lisnianski, I. Frenkel, Y. Ding. Multi-state system reliability analysis and optimization for
engineers and industrial managers[M]. London: Springer-Verlag, 2010, 1-28

[108] H. Z. Huang, X. Zhang. Design optimization with discrete and continuous variables of aleatory
and epistemic uncertainties[J]. Journal of Mechanical Design, Transactions of the ASME,
2009, 131(3): 031006.1-031006.8

[109] P. R. Adduri, R. C. Penmetsa. System reliability analysis for mixed uncertain variables[J].
Structural Safety, 2009, 31(5): 375-382

[110] D. Dubois, H. Prade. Possibility theory, probability theory and multiple-valued logics: A
clarification[J]. Annals of Mathematics and Artificial Intelligence 2001, 32(1-4): 35-66

[111] D. Dubois, H. Prade. Possibility theory and its applications a retrospective and prospective
view[C]. The 12th IEEE International Conference on Fuzzy Systems, Toulouse, 2003, 5-11

[112] D. Singer. A fuzzy set approach to fault tree and reliability analysis[J]. Fuzzy Sets and Systems,
1990, 34(2): 145-155

[113] Z. L. Wang, H. Z. Huang, L. Du. Reliability analysis on competitive failure processes under
fuzzy degradation data[J]. Applied Soft Computing, 2011, 11(3): 2964-2973

[114] L. P. He, F. Z. Qu. Possibilistic entropy-based measure of importance in fault tree analysis[J].
Journal of Systems Engineering and Electronics, 2009, 20(2): 434-444

[115] A. Hunter, W. R. Liu. A Context-dependent algorithm for merging uncertain information in
possibility theory[J]. IEEE Transactions on Systems Man and Cybernetics: Part A-Systems
and Humans, 2008, 38(6): 1385-1397

[116] Z. P. Mourelatos, J. Zhou. Reliability estimation and design with insufficient data based on
possibility theory[J]. AIAA Journal, 2005, 43(8): 1696-1705

[117] L. Podofillini, E. Zio, D. Mercurio, et al. Dynamic safety assessment: Scenario identification
via a possibilistic clustering approach[J]. Reliability Engineering and System Safety, 2010,
95(5): 534-549

[118] F. Delmotte, P. Borne. Modeling of reliability with possibility theory[J]. IEEE Transactions on
Systems, Man, and Cybernetics: Part A: Systems and Humans, 1998, 28(1): 78-88

[119] L. P. He, H. Z. Huang, L. Du, et al. A review of possibilistic approaches to reliability analysis

92



S 30k

and optimization in engineering design[C], Proceedings of the 12th International Conference
on Human Computer interaction, 2007, 4553(4): 1075-1084

[120] G. Gratzer. Lattice Theory: Foundation[M]. Basel: Springer, 2011: 1-108

[121] SR, RIRHA. $&ICFAHIM]. JTEE: TR 2E o, 1990, 1-61

[122] A iliE. ASRAREERIM]. k) . Bl BEREREIR R, 1964, 1-29

[123] C. Simon, P. Weber. Imprecise reliability by evidential networks[J]. Proceedings of the
Institution of Mechanical Engineers, Part O: Journal of Risk and Reliability, 2009, 223(2):
119-131

[124] Y. J. Luo, Z. Kang, A. Li. Structural reliability assessment based on probability and convex set
mixed model[J]. Computers and Structures, 2009, 87(21-22): 1408-1415

[125] X. P. Du. Reliability-based design optimization with dependent interval variables[J].
International Journal for Numerical Methods in Engineering, 2012, 91(2): 218-228

[126] Z. P. Qiu, D. Yang, I. Elishakoff. Combination of structural reliability and interval analysis[J].
Acta Mechanica Sinica, 2008, 24(1): 61-67

[127] E. Benetto, C. Dujet, P. Rousseaux. Possibility theory: a new approach to uncertainty
analysis?[J]. International Journal of Life Cycle Assessment, 2006, 11(2): 114-116

[128] H. Z. Huang, L. P. He. New approaches to systems analysis and design: a review[M]. In:
Handbook on Performability Engineering, London: Springer, 2008, 477-498

[129] L. Du, K. K. Choi, B. D. Youn, et al. Possibility-based design optimization method for design
problems with both statistical and fuzzy input data[J]. Journal of Mechanical Design,
Transactions of the ASME, 2006, 128(4): 928-935

[130] J. Zhou, Z. P. Mourelatos. A sequential algorithm for possibility-based design optimization[J].
Journal of Mechanical Design, Transactions of the ASME, 2008, 130(1): 011001.1-011001.10

[131] G. C. Marano, G. Quaranta. A new possibilistic reliability index definition[J]. Acta Mechanica,
2010, 210(3-4): 291-303

[132] Y. Pang, H. Z. Huang, N. C. Xiao, et al. Possibilistic reliability analysis of repairable system
with omitted or delayed failure effects[J]. Eksploatacja i Niezawodnosc-Maintenance and
Reliability, 2012, 14(3): 195-202

[133] %5, SRaik. BORIEE RN AIM]. Kb B gk S iR A, 1998, 350-358

[134] &k, BT Al e EHR M BOM nT SEE & TT[D]. K& KL Tk %, 2004, 16-23

[135] L. A. Zadeh. Calculus of fuzzy restrictions[M]. In: Fuzzy Sets and Their Applications to

Cognitive and Decision Processes, New York: Academic Press, 1975, 1-39

93



L BHEOR A1 22618 S

[136] 1£°F, #H5AL. A Re Mt & Sk A [3]. B R4t 580°%, 1995, 9(2): 11-15

[137] A7k, F&T A REMERL IR A HL A Wl HRANY SRR AT 7T[D]. HUMI: WK%, 2004, 19-24

[138] A, Zcutas, skiEd. PUAH LS 50N T 0 BT SRSt (8] BT 78 [9]. AR}
HHiR, 2008, 27(5): 583-587

[139] H. E. Ascher. Repairable systems reliability[M]. In: Encyclopedia of Statistics in Quality and
Reliability, Chichester: John Wiley, 2008, 1626-1630

[140] Y. Liu, W. S. Tang, R. Q. Zhao. Reliability and mean time to failure of unrepairable systems
with fuzzy random lifetimes[J]. IEEE Transactions on Fuzzy Systems, 2007, 15(5): 1009-1026

[141] V. V. Krivtsov. Practical extensions to NHPP application in repairable system reliability
analysis[J]. Reliability Engineering and System Safety, 2007, 92(5): 560-562

[142] L. Yuan, J. Xu. An optimal replacement policy for a repairable system based on its repairman
having vacations[J]. Reliability Engineering and System Safety, 2011, 96(7): 868-875

[143] Y. L. Zhang, G. J. Wang. A deteriorating cold standby repairable system with priority in use[J].
European Journal of Operational Research, 2007, 183(1): 278-295

[144] Y. L. Zhang, S. M. Wu. Reliability analysis for a k/n: (F) system with repairable
repair-equipment[J]. Applied Mathematical Modelling, 2009, 33(7): 3052-3067

[145] Z. H. Zheng, L. R. Cui, A. G. Hawkes. A study on a single-unit Markov repairable system
with repair time omission[J]. IEEE Transactions on Reliability, 2006, 55(2): 182-188

[146] Z4085, HE o, 7. A 2N 4EAEET (8] 6 B T8 R G0 i) vl F R 2 A 9], 6 1lK
22224, 2007, 31(6): 542-544

[147] Bt w5 me 200 1 B M IR R e 75 [D]. P42 PHdbKe#, 2007, 24-33

[148] Z. H. Zheng, L. R. Cui. Availability analysis of parallel repairable system with omitted
failures[J]. Journal of Beijing Institute of Technology (English Edition), 2009, 18(1): 117-120

[149] Z. Y. Jia, R. Kang, L. C. Wang, et al. Availability research on K-out-of-N: G systems with
repair time omission[J]. Advanced Materials Research (Materials and Product Technologies
I1), 2010, 118-120: 342-347

[150] FBVEHE. e 5 me Z0mg ity J5 f B A S R AT R ATE R GERE 75 [D]. bt dbat TR
2006, 18-34

[151] X. Z. Bao, L. R. Cui. An analysis of availability for series Markov repairable system with
neglected or delayed failures[J]. IEEE Transactions on Reliability, 2010, 59(4): 734-743

[152] #&4E, FRfil. PR SR M]. dbat: BhaE R, 1986, 188-231

[153] J. H. Cao, Y. H. Wu. Reliability analysis of a multi state repairable system with a replaceable

94



S 30k

repair facility[J]. Acta Mathematicae Applicate Sinica, 1988, 4(2): 113-121

[154] &5, 4R, N BREIEERREERERTEED I BT RO AR,
2000, 29(5): 545-548

[155] C. J. Savant, Fundamentals of the Laplace Transformation[M]. New York: McGraw-Hill, 1962,
23-69

[156] D. Dubois, H. Prade. Possibility Theory[M]. New York: Plenum Press, 1988, 1-263

[157] ZF40E5. WAt A5 mass sREk[J]. EF =t 5T, 2011, 3: 49-50

[158] R. E. Barlow, F. Proschan. Mathematical Theory of Reliability[M]. New York: Wiely, 1965,
1-274

[159] R. E. Barlow, F. Proschan. Importance of system components and fault tree events[J].
Stochastic Processes and Their Applications, 1975, 3(2): 153-173

[160] W. R. Blischke, D. N. P. Murthy. Reliability: Modeling, Prediction, and Optimization[M].
New York : Wiley, 2000, 31-63

[161] T-dl. —MBARERIFRIK RG], HBLk, 1988, 14(4): 248-25

[162] C. Singh. Cut set method for reliability evaluation of systems having s-dependent
components[J]. IEEE Transactions on Reliability, 1980, R-29(5): 372-375

95



L BHEOR A1 22618 S

AFHIES 5 E

[1] EXERRIEREETE : HT 0] R ALY B FIHU R G0 nT 515 b fn g it
et WiH%5: 50775026

[2] FEIZK 863 1HKITTH  Hd A 2 i 1) E e 48 nl S i S5 BOR, T H 45
2007AA04Z40

96



TE 5 BAIA] R R0 3 T AR 18 5L

EFEAE & RFMMFHHNFERLX

[1] Y. Pang, H. Z. Huang, L. P. He, et al. Convex sublattice based reliability theory[J]. Eksploatacja i
Niezawodnosc-Maintenance and Reliability, 2011, (3): 56-61. (SCI 1K)

[2] Y. Pang, H. Z. Huang, N. C. Xiao, et al. Possibilistic reliability analysis of repairable system with
omitted or delayed failure effects[J]. Eksploatacja i Niezawodnosc-Maintenance and Reliability,
2012, 14(3): 195-202. (SCI #%K)

[3] ek, syteh, x5, & ZRERGEHFREFTFEME DT[], P25 R4k, (BxH,
El f2%)

[4] Y. Pang, H. Z. Huang, L. P. He, et al. Possibilistic reliability function analysis of multi-state
systems[C]. Proceedings of the 2012 International Conference on Quality, Reliability, Risk,
Maintenance, and Safety Engineering (QR2MSE 2012), Chengdu, China, 2012, 1: 268-273 (El
=)

[5] Y. Pang, H. Z. Huang, Y. Liu, et al. A systematic approach to the reliability analysis of an n-unit
warm standby system with K-repair facility[C]. Proceedings of the ASME 2009 International
Design Engineering Technical Conferences & Computer and Information in Engineering
Conference, San Diego, USA, DETC2009-86995. (El £ 2%)

[6] Y. Pang, H. Z. Huang, Y. Liu, et al. Reliability analysis of a repairable parallel system with repair
time omission[C]. Proceedings of the 2009 International Conference on Reliability,
Maintainability and Safety, Chengdu, China, 2009, 41-45. (El £ &)

[7] G. L. Jiang, Y. Pang, Y. Liu. A network-based remote fault maintenance support system for
logistics carrying vehicle. Information , 2012, 15(12(B)): 5569-5576. (SCI 1 2)

[8] L. P. He, H. Z. Huang, Y. Pang, Y. F. Li, Y. Liu. Importance identification for fault trees based on
possibilistic information measurements. Journal of Intelligent and Fuzzy Systems (.3 H, SCI
KZ)

[9] N. C. Xiao, H. Z. Huang, Z. L. Wang, Y. Pang, L. P. He. Reliability sensitivity analysis for
structural systems in interval probability form. Structural and Multidisciplinary Optimization,
2011, 44(5): 691-705. (SCI %)

[10] Z. L. Wang, H. Z. Huang, Y. F. Li, Y. Pang, N. C. Xiao. An approach to system reliability
analysis with fuzzy random variables. Mechanism and Machine Theory, 2012, 52(6): 35-46.

97



L BHEOR A1 22618 S

(SCI K %)

[11] L. P. Gan, Y. Pang, Q. Liao, N. C. Xiao, H. Z. Huang. Reliability sensitivity analysis for
structural systems in interval probability form. Proceedings of 2011 International Conference on
Quality, Reliability, Risk, Maintenance, and Safety Engineering, 2011: 195-202. (El &%, [EFx
)

[12] L. P. He, H. Z. Huang, Y. Pang, Y. Liu, Z. L. Wang. Development of possibility distributions for
fatigue lifetime data analysis. Proceedings of 2011 International Conference on Quality,

Reliability, Risk, Maintenance, and Safety Engineering, 2011: 356-360. (El %, [EFrsid)

98



