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Abstract : In this paper, overviewing the previous studies of importance measure of com-
ponents in a system, we show an idea how to define the measures in the case of general state
spaces of the components and the system, which are not necessarily assumed to be ordered
sets. These measures may be used for risk and safety analysis of big and complex real systems
as nuclear power plants, complex information network systems and so on.

1 F

ERMHERS SO TZORH TR Y AT AR T 5 HAOEEE IOV TEIOPOBSPER
Th, ThORETFOREEHRRLIEHINS [22). EEEOFERIE, BEPIATLOR
RER MRS & EH O REEE 3 5840 Birnbaum ORI E 5 [3]. ZhickiE, Criticality &
S [4][6], Fussel-Vesely DEEE [7][23], Risk-Achievement Worth[5] $AREINT&E . Z
NODEEEIX, HHHEMKED L IREERBICB I 2HHOBHMKRLZEBTHD, K
BHERBIZED K14 F I v 2R DTRABY. ZOLSRREFEREEEL-bDL LT, Barlow
and Proschan HEE 2] MREINTVED, KR LT RETHY, FLRSPBEIER
ENTHOTRRY. TNHSDOTREBUATLAIIEBITHBEE Bl IEEHNTVWS. X, =
REES 2T L DERKLEERIZOWTIE (1] 23RE X,

—AT, EBOVATARHRIIHEL EFO RBIZRF N EHDTIRRL, $LD%
{LREVEFEET I LEZON, ZREVATACETIMENRDSNE, LREV AT LOH
IREZRBFZUICDOWTIE,  [14][15])(16][17][18] 2 ZBE L. FREC AT LITBII2EBEE IOV
TIXE DL OFBMAFIET 5 [9][10][11][12][13]. AT, Tx DI hE TOHEHR [19][20](21] &
PIEFPIRBZEM E TR L 22 S, L0 —BRELEBEADPTOEREEDERERAS.

ZREEV AT LTI}, Birnbaum HEE 3] ARLERNTH Y, BEFREXS FLVOBLED
LizE#EIND. MOEEEIL Birnbaum HEE 2 EHRT SBOFRMELIEREDO TN Z L TE
#Ih, CORRTEEEOMSSAVBBERELZ KR L TVWDEERD I LHHKRS.

AR TIHEEFIRER 2 MV OHEERAS 5 Birnbaum BEEE DL RED ~ DIRIRICE 538 2 R
LI ZRETOMOEBEEDHIRICOWVWTHRT 5. KB, EFHEEEHWRW—RKL
BETOREEEOZERIOVTENL, FAFIv I/ REEEIOVWTHMNGS.

AR TIEUTTEBSNE VAT LOMS2HVS. REZH2L2EFEGLTEILT, &
MOEHPHEREICRTENS.

& 1.1 (VATLDER) VATFLEIE, ROFEZHERTH(Qc,S,0) THS.

(i) C RETRVWAREEGTHY, VAT LEERT 2HRHOEEEEKT 5. B&EEHEIL
TEWBHZIE, C={1,2,--- ,n} L EE, ZORBnROVATLLIERELD S,

(i) (GeC) SHERRLIEFEETH Y, ThETNIH i € C &V AT LDIRREZER
EREW®T S, Qo =[lecU iR ((€C) DEREFEATHS.

(iii) ¢ 1 Qc 25 SADEHTH H, EEEHRLITIENS.



26

BREIEFES Qc DEZ x 2RERT MILEIRRD, —BHIZQ4 (ACC) DEHRDS AKICRE
RZPMVEIER, Q43 ADPRDREOHEERT S,

Q% =1{0,1},ieC, S={0,1} THBH, YAFLIZREVATLTHS LIFLH, EHF
X0<1THBLT 5. 0IFiERER, 1 IZEHREE2EKRTS.

BRI T RTHBDORS S CESRT. b DREBER Q2B WVWT, o, be U Ma<d
iz, REoARVEVEWILZEKRL, IVHPEAFLTRETHEILE2EKRT S.
VAT LADRBEIZOWTHERRICHETE S,

EH 1.2 VAT AL (Qc, S, p) i&, IROZHEZFHE-THREFAS AT LLEEENS.
Vi, y € Q¢ such that, ¢(z) < ¢(y)

B AT AL, BEPEATEIETYVATLAOREN IS BB IR WI L 2EKL,
HERLZBSPSHRREETHELEZONS.

2 Notations

ATV AT L (Q0,S,0) 12T, FTRRORBEEZHAVS.

(1) 22DEEA BIZH LT, AxBIZAL BOEREATHS. HHEAEMCCizx
UC Qur = [y % TH 5.

(2) BERzc Qo itz = (1, ,2,), € (i =1,---n) 2bFINDB. z€ Q¢
Z2WT, (upz) ((€C) XD i FEOEHEP uTHEILEEKTS. 29, (u,z) =
(.731,"' y Li—1s Uy Tit1, " " ,-Tn)'

(3) (4,x) 1%, REBRZ Mz e Qe o i BHOEE 2, EMORS ZLTRLHND Qo\(y
DEREREKTS. IO Qo) PEREBRT LD LTHEAVS.

(4) EEIZEE L () € QC\{i} IZX LT, o(x)lE Q25 S NDEHLEEZIOLND,
DEVE ke LITHUT plk;,z) ZXFRD2. #-oT, MA/EEAC QIZHUT p(4;,z) i
ADo(,z) THETHBERTHD, (A, z)={pla,z)|ac A}

(5) AR TIE, JHFIZLROES S TEERT. BUZIEFEEW OERz, y IIHLT,
r<yldz Sy ThDOz4y THEILEEKT S,

weEWIZHULT (+,v] ={u:u L w}, [w,—)={u:wu}

ACSW RBROEZM %2579, EABAEETHL LS, acdandalzs = z€ A
—7%, AP EHBAEETH LK, AFTHIEFAEETHLLESD.

MI(A) & MA(A) BTNTN, ADBNTRAROBATLEDESETHS.

(6) EEDOREs e SITHUT o7 l[s, =) ={z € Q:5Z (@)}, p7l(¢,s] ={z € Qc:
p(x) < s}, ¢~ (s) = {z € Qo = p() = s}

(1) P Qe LOBRTH B, PO Qy (MCSC)~DOFEEZ PM &L,

3 THREVRATLILBIZEEE

3.1 Birnbaum BEEE

(R0, S, @) B REBEFAS AT L LTS, i OEFIRER S bU (critical state vector) & 1
o(l,x) =1, @(0;,x)=0

BT & D RRBEARY ML (4, 2) € Qoviy THB. i S OEEDRBOMA (4, ) TH BH,
ki ORBIZE TV AT LADRENR 0D LIZEES>TULES K5 R—D20ORM (BBEE) 28
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W3, COL>BEARESS ML AKOEEE C,>6) LB
Coi) ={ (i) : ©(0;,2) =0, p(lj,z) =1}

HE C, (1) DEEFENE NS i BV AT LOMEEZBLIHHEAS VI L2 ERL, BEE
BEWEEZRD. ZOLIRBEM»SEZEXIN-EEED Birnbaum EEETHS. P% Qo £
ORegL 5. PO 2 Qo) LOWRTHY, PORIKRTH 5.

£& 3.1 POV (0, (1)) %#B& i D Birnbaum EE (Birnbaum importance measure) & FEX.

Birnbaum EEE TER I N VI R VAT LAOREBRERZMARAALZDOPROEFEE
ETH5.

EE 3.2 sk i ODEEAEEE (critical importance measure) 1%, ATFTO @B IZEHRINS.
P({Li} x Cp(i) [ =1), (1)
P ({0;} x Cp(i) | ¢ =0). (2)

Bz, (1) &, YATFLOEERENEHGT i OEBIZL > THEI IR MM ERRTH S.
INODEERE, HRRERY FVIZESWTEEIN TV, ROHITIRINS DR
REERY MVOREAT 21TV, MMOBEEERIREIES.

3.2 ERRERS MLOBEMITEBOEEE

(5,x) € Cp(A) ITHLT, ¢(l,x) =1, p(0;,2) =0ThH, REEHPERBIEFEESTHD
Zemnb

3(1;,a) € MI (<p“1(1)) , (1;,a) £ (1;,2), (3)
3(0;,b) € MA(¢71(0)),  (0s,2) < (0;,b). (4)

Thd. foT, BRIRERS M E2ROESIIIROEEDORKIZEZ 5N5.
FE 3.1 BFRIRERY FLIE, ROBIZEDONS,

Co(i) = {(i,@) : I(Li,a) € MI(p7'(1)), (1;a) £ (L;,2), (5)
3(0s,b) € MA(¢71(0)), (05, ) < (0;,b) }. (6)

Z ORI RS, BEFIRERS MV EBNROCBRRERZ MR SBEHTZHOOT I
TV XLDEETE BN, ZZTIREKT S,
MEACRFER 27 DV L fB/NREER Z ML 2 DA ZI DR Z & T, BBk 6 128 U TLAT OBk
RESURIER 7 M VIZHE U I IRIER 7 ML DSEBRHES.
FV(,1) = {(L,z) : 3(L,a) € MI(¢7'(1), (1,a) £ (Li,z) },
FV(i,0) = {(0;,z) : 3(0;,b) € MA(¢71(0)), (0;,) < (0;,b) }.
IS DIREERZ FLEFWT, Fussel-Vescly EEMWEZ SN, FEFFOLZLIMZ LIZH
woha,
T 3.3 ¥4 i D Fussel-Vesely BEEE X, IROBIZTEY ORMENEHRE L TERSI NS,

P{FV(i,1) =1}, P{FV(i,0)| =0}
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(1;,x) € FV(i,1) DREARZ bVIZSBT U EHEFRERY MU TRVRIZERET 5. 2F0,
ZDRERY PZDWT p(0;,2) = 0BT LERIZLERW. {1} x C,(i) S FV(i,1) TH D
ZEEHESPTHEN, HOAEMBIEIBTULEIILARY. ZOFKRT, FV(i,1) 138 D
REVP 1 THEILILL>TUVATLOREN 1 THDEEANEAD LI RBEEERT 5.

T HITIROBIRERZ ML EZEHL, VA7 EIEHEIEHIND.

R(i,O) = { (z,il!) : tp(oi,w) =0 },
AR(i,0) {(0s,z) : ¢(0;,z)=0}.

EH 3.4 Y AV EIEE (risk achievement worth) IZIXDRRIZ @D IZER I NS,
PO {RG,0)}

I

IR(i,0) = “Plp=0) °
[AR(i,0) = f%%%%%l=P{Am@m|¢=oy

TR(i,0) I35 EMRDERE R/ 220 DY, TAR(G,0) R EHROBHREZRD. Ly
U, AR(i,0) DREER 7 b OV IZIBUNR OBAIRIER 7 b L & OIEAITED RN, ERFME IR
ENTVRVWILIZEERTS. WITNOEBEEED, YATLOREY A7 H 85 i OBBRIZX -
TEDREMZZ (BATE) &, TOREZ2EZTEDL U CHEMTES. YATFLDEERE
ZEHUCHBEOERNERINDS.

4 BREVRATAICBIIIEEE
4.1 ZIREBirnbaum EEE
(Qc, 8, ¢) BHHABLZREL AT LTS, KRBV AT ATOHRFRERS MILIZHIET 550
EUT, ROREBRI PVOEEGE2ERTH. MAicCOREBLec ) VAT LOREse S
L,
C«P(i’k : 3) = { (2,117) : ‘p([kv —))1,13) g [s’ —))v
30(((_11‘: - 1]1,113) g (<_»8 - 1] }
i DR DIRTEDHAY (4, 2) € Cp(i, k@ s) TH DI, ki DREHP kLSS E-1BTFIZ
WBTDZLT, YATLORED sUENLS s— 1ATFICHBE TS, Culik:s) ik, YATLD
REEW s U ETHBNZ D TRV i OREVR kU ETHEINEI NI THRESL LR
EERAVRIREER Y MVOEE D 2BKT 5. [k, —) X EAIBEAEATH D, (k-1 =k )¢
BRTRIBHESTHS. Zhds0—BNESERWVT, REZEEILIEFES TH HROER
RERT MUVDSEHEEES., P% Qc EOBRX T3,
EE 4.1 Wi DZIRE Birnbaum EEE L, RELcQ;, s€ SITHUTIRDRIZEREINS.
P (C,(ik:5)).

(i,k : 5)-Birnbaum EEE, (k:s5)-BEEELLRIENHD.

TREBIZB I AHEAEEEIIROBRICILUTEZREOBE RIS, BRIZIZREOEHA
POBETLTHOMPTH S,
ES 4.2 B OFREBEABEEZ ISIROKRIZZBDIZERZEINS.

P{lk,—)ixCpli,k:s)|p 25},
P{ (k-1 xCu(i,k:s) | ¢<s—1}.



4.2 ZREEFTRERS MLOREIS T

i O (i, k - s) BEEEOB/NROBAIRER S ML X 28T 2170, &EE2BEDHTVL
Z &L THIRIET D Fussel-Vesely EEE, Y A7 HINMfiEL2ERT 5.

EE 4.1 RERZ MV (4,2) DY (i, k: s) BRFRERS PV TH D Z LI DOWTIRO RERHEA
IDAVAE I

(i,x) € Cp(irk:8) <> I(ki,a) € MI (97 s,—)), (ki,a) < (ki x),
(k- 1)i,b) € MA (¢ (+,s—1]), ((k—1);,®) < ((k—1);,b).

EI 41 ZAWT, ZIRETOEFIRENY ML EB/NRCBRIRERY LB SED DT
DDOTNITY ZLDBHERTES.

ZREOBALAMRIILT, EHE 41 TOBKRERZ FVRBNRERZ bz & 25468
EHTZ LT, £IRAE Fussel-Vesely EEE L LIREY A 7 HIMifE+2 EHEKS. £7, RO
BizEL.

FV(i,k:[s,) = {(iz):3(ki,a) € MI (¢ [s,—)), (ki,a) < (ki x)},
FV(i,k:(«,s]) = {(oz):3(ki,b) € MA (¢ ' (+,5]), (ks,z) < (ki, b)}.

E#E 4.3 %IR8 Fussel-Vesely EEEIIRORIZZBE D IZERINS.

P{ [ka_))iXFV(i7k:[s‘,_>)) | @ZS},
P{ (e ki x FV(ik: (8)) [0 2 5 }.

(i»®) € FV (i k : [s,2)) => I(ki,a) € MI (¢7'[s,—)), (ki,a) < (ki, @)

THBN, o((k—1)x) < s EBTUBEL LAV, TRIEDEE & AR AR X h
WZ LIZERT S, ZIREEY AT L T Fussel-Vesely EEEIXE V2 — VB RIZ DV TREDE
FHEIDRAIT AP, ZRETODIDERIZODVTIRATUERIZIL AW,

D27 BEIIEIZ DWTIE, IROBREZENRTIEENREZI SIS,

ki,z) : ok, z) < s}
P{p < s} '
ERRORIERY ML (ki 2) 10135 EPEERMED A X —Vi3md, MEEHLFI LITR>TY

5 DA ITHMETIEAR. Fussel-Vesely BEEELEDO T, BRIV LE-TEXINENDHD. T
MK UT, %RE Birnbaum EEEIZHFRENS ML HIZZORKRIBAKTH 5.

keQ;, se s, P{(

5 REZEKIBEFBEZRELBVGEDERE

51 (,A:U)EEEDOESR

JEFREI R T ICEEER2EHETD. VATL (Q0,S,0) PDEHZLIICRVT O e C) &
S IEERREBOERATHD L, EFHEERXRELZV. o ZEBEES Qc 15 S D24
Thd. ACQ, UZSIZHLT,

Co(i, AU) ={ (@) | p(As, ) S U, p(Af, @) S U}
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95, THhiFRERUTZIREBEFRERZ PLVOESGIIHIGT DO TH S, i DRE
RADPS A UTHEB U ARHI Y AT ADREN U 25 U IZHB T 2RREBRI PLOEED
THb. Pk Qc LORERE LT,

POC (1, A;U)}, P{AX Culi, A;U) | o1 (U)}, P{A° x Cp(i, 4;U) | ¢ (U}

DENTHD, %IRE Birnbaum EEE, LIREBHEAEEEO iz b, B OREBOE
EFDABPVATFLOREBOEEZ Y U~FETIEGVEREKT S, ZORKT, (i,A:U)EE
E, (,A:U) BREZEF PR,

52 YA4FIvIREBEDES

B TR R 7z, IEFHEEZERURVY AT A (Q0,S,0) 25, {Xi(t), t =20} (i€C) %

Q ODEEZBERERL T5. & OMERNLEE2ERT L. VAT LAOMHERRL A F3

I 2 {p (X)), t 20} TEDONB. ZITX(t) = (X1(t), -, Xn(t)) TH5.
ACQuUCS®%ﬁ%ALﬁbT TA%{X@)t>M®]@E®A#b®M&ﬁWt

¥5. #f 4
{( W X (TJA)) c Cy,(i,A;U)}

i3, WAV FEBIZADPSBRE LR, YATLRU S UCIZHBETIERTH 5.
NoA®t) : BRI [0, 8] PUICERSR « 2 A DS A° ITHER U 7= [E4K,
NEAE) « BRI [0,6] PICER S i B3 A DS A ICHB T B Z L& > TY AT AN U 25
Uc IZHER U 7-1%,
Nj(t) - BERIE [0, 8] PUICERE: ¢ DEBIZ L o TY AT AN U 75 UCITHER U 72 [FI%K,
e -

) NbA(1) t )
KACIEDY Ty (X (1)) = [ oo (0 X @) ),
Ni(t) = E:N”u

ACQy

THB. VAT LDOREHBE R, VATLORMEHEET D L, Nj(t) FREXME [0,¢ 2B W
rvx%AmUﬁ%LﬁA@Emu%&i@%%E&ﬁ%@bt@&%%%u,_wéﬁkf%
HIELEHE i DEEENBEVWEEZIONS. t»b<tiNi eCNJ ) DRLBEEZDZ
YAHKD. X BTt — 0o & LIRORA am&magwﬂﬁiﬁ%ﬁbmm%z 54,
RBDYVATFLRIZBIIZEEER2ERT A LIRS,

I TOEMITREBEBIZEERZREL TWEWED, BHEPHELEERELLESCLR
5. HEMZBRIISHBOBEL TN, HIZ{X(), t 2027 7BAROEE, ThoDE
NED & 5 RBERIZH B HSEBREN.

References
[1] R.E.Barlow and F.Proschan, Statistical Theory of Reliability and Life Testing, HOLT,
Rinehart and Winston, New York, 1975.
[2] R.E.Barlow and F.Proschan, Importance of system components and fault tree events,
Stochastic Processes and their Applications, 3(1974b), pp.153-173.
[3] Z.B.Birnbaum, On the importance of different components in a multicomponent system,
Technical Report of University of Washington, (1968),No.54.



[4]

(5]
[6]
[7]
(8]
(9]

(10]

[11]

(12]

[13]
[14]

[15]

[16]

(17]
[18]
(19]
[20]
[21]

[22]

(23]

S.Bisanovic, M.Hajro and M.Samardzic, Component criticality importance measures in
thermal power plants design, International Journal of Electrical, Computer, Energetic,
Electronic and Communication Engineering , 7(2013), No.3, pp.332-337.

M.C.Cheok, G.W.Parry and R.R.Sherry, Use of importance measures in risk-informed
regulatory applications, Reliability Engineering and System Safety, 60(1998), pp.213-226.
J. Espiritu, D.Coit, and U.Prakash, Component criticality importance measures for the
power industry, Electric Power Systems Research, 77(2007), pp.407-420.

J.B.Fussel, How to hand calculate system reliability and safety characteristics, JEEE
Transactions on Reliability, R-24(3)(1975), pp.69-174.

W.Kuo, and X.Zhu, Importance Measures in Reliability, Risk, and Optimisation, Princi-
ples and Applications, John Wiley and Sons, Ltd, Publication, 2012.

G.Levitin, and A.Lisnianski, Importance and sensitivity analysis of multi-state systems
using the universal generating function method, Reliability Engineering and System Safety,
65(1999), pp.271-282.

A.Lisnianski and G.Levitin, Multi-State Systems Reliability. Assessment, Optimization
and Applications, World Scientific, 2003.

G.Levitin, L.Podofilini, and E.Zio, Generalised importance measures for multi-state ele-
ments based on performance level restrictions, Reliability Engineering and System Safety,
82(2003), pp.287-298.

A.Lisnianski, I.Frenkel and Y.Ding, Multi-state System Reliability Analysis and Optimiza-
tion for Fngineers and Industrial Managers, Springer. 2010.

B.Natvig, Multistate Systems Reliability Theory with Applications, Wiley, 2011.

F.Ohi and T.Nishida, Generalized multistate coherent systems, J. Japan Statist. Soc.,
13(1983), pp.165-181.

F.Ohi and T.Nishida, On multistate coherent systems, IEEE Transactions on Reliability,
R-33(1984), pp.284-288.

F.Ohi, Steady-state bounds for multi-state systems’ reliability via modular decomposi-
tions, Applied Stochastic Models in Business and Industry, Wiley Online Library, 13(2014),
pp.307-324.

F.Ohi, Decomposition of a multi-state system by series systems, Journal of the Operations
Research Society of Japan, 59(2016), pp.291-311.

F.Ohi, Stochastic evaluation methods of a multi-state system via a modular decomposition,
Journal of Computational Science, 17(2016), pp.156-169.

Stochastic Formulations of Importance Measures and Their Extensions to Multi-State
Systems, in Proceeding of APIEMS2016, Paper ID 0072.

F.Ohi, Importance Measures for a Binary State System, in Reliability Modeling with
Computer and Maintenance Applications, World Scientific, 2017, 103-138.

F.Ohi, Stochastic Dynamical Importance Measures of a Multi-state Systems, in Proceeding
of MMR2017, Paper ID sybm69.

Y. Shimada, A probabilistic safety assessment approach toward Identification of Informa-
tion on safety significant adverse events at overseas nuclear power plants, INSS journal
11(2004), pp.87-94.

W. E. Vesely, T.C. Davis, R.S.Denning and N. Saltos, Measures of Risk Importance And
Their Applications, NUREG/CR-3385, BMI-2103, RX,(1385).

Fumio Ohi
Professor Emeritus, Nagoya Institute of Technology
E-mail address: eyi06043@nitech.jp

31



