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(Reliability Analysis of Fuzzy Systems With Weighted
Components Using Vague Sets)
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Abstract In the conventional researches, the reliabilities of the fuzzy system are represented and
analyzed by real values between zero and one, fuzzy numbers, intervals of confidence, etc. In this
paper, we present a method to represent and analyze the reliabilities of the weighted components of
the fuzzy system and the weights reflected on their importance based on vague sets defined in the
universe of discourse [0, 1]. The vague set is represented as the interval consisted of the
truth-membership functions and the false-membership functions, therefore it can allow the reliabilities
and the weights of a fuzzy system to represent in a more flexible manner. The proposed method
considers the weights of the weighted components in the fuzzy systems, its reliability analysis is more
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flexible and effective than the conventional methods.
Key words : Reliability Analysis, Fuzzy Systems, Vague Sets
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(B") 7547 - (possibility assumption): Al2E 2
e FeAAEE 44 Ve F ok

[5191A4 Singere A3 (fault tree)st AT H4
o HAAZ HITHE ARt ArolAe 71E A}
Aol AAN WMEFE L-RY HAeAZ gHIw
HRz2H F3E d53F dio2 Fgk(mean value)
3} MEA A (head event)d] 383 (tolerance)E 37}
stk (6190 Cheng & HAHTY a-FEIFS
A-g77Hinterval of confidence)old} B23, o]F of
43l HAA 2" NHEE ENde WHE AL}
Aok A7)ME HAA 2] AZEE Hr1E7]) A
YR ezke] FIEAE o83t [7]914 Chend
Be AXAZEE Fag gk (519 (619 &8 E
37 98 AaEALAe] veEsgd 12 AdE o
£33l o w2 HAbedide] sted S AL
4t [8l914 Mon & A2 T 2&3¥454E 2 F
Aoz dsld wAdy 2w WHe Lo
WA Az NHEE BAske PEe ALsAch
[9]o1A Utkin 5& 7Fe4& o8t Tkt AlA~d
9] HA A= B4L A3 AdTsT A2 (system
of functional equations) AME3l= HHE AASHA
o} [10)o14 Caiv A2"HANFEE 28t wAQwt
HE9 AMHE AdsAE (1] Chend AlZH
9] FA84 e U MBEE E3A(vague set) o2
B33l HAA2Ee) AEE EHS= WHE At
sttt [12]e1 Wue HRA @AM wolxd A=
H7E gl 71EY oA F3 W (estimation)
€ HAAHF o)&89 E3) U (resolution identity)E ©]
23l A AR HelAYd H FHAE A8t
AHEEHE WS A

2 =RdAE A2de TAsE 74829 FRE
o} wel AAFe = FAHALAT TAE HAA2H
9] NIEE BAste WHS ALk GV 7 Al
28 pHese AHES 7HEEHL AP universe
of discourse)[0,1]914 Ao=EE =3 A% (vague set)
(11-14)ez2 FHHT} 25 233y 92 uw
d g FANN FEHe I 25TF tawst 94
o Wele FAAAM fEHE AR 25FF AW
FARD taw)+Halw) <1, ud 253% ma(w= [01]
o] REIZQ [talw), 1-faw)]Z HFAE 3 =
ot Al2d 7H8x9 AIxet FHaLY Farx
w2} 7hEge 2aiPge s FAHY, A5YEE sy
9] Afgtez BHIE 1829 HRYFHE 76k
HiHthE § §49% E89 5284 FEL e
o] 7453t

Pt

=89 FAL U 2} 23dMe R o

Bt 3] gk 3FdME REIFE o83t

HAA 2GS AAEE BYskE WHE AVYT 473
IME dlg neth a8l 5PAE des AEe

2. RS¥E

Zadehe [3]1914 HAAE o8& Atsiaict HAF
e HAAALY §F FHEZ EFE 4+ Jdtk UE AN
A U={w, uwy, -, wtolztn & HARAZ A=
P& ud 24FTE 03 1Abole] A4z RFE 4 3
o wi€U. Gau et al.2 [13]91A o] & ueUd o}
g 79 weUd B3l FAE AT Aoz A
AHsta, o] ge& ueUd df FAE 7Hele A=
oz weUsl Bsle A4S 7tedle AR ofvnet
I At o] o] e FFA tEAE oM AT
yehix] Ziictn A8 ck 2@ Gau et al-&
(13]91M 2EFFS ALSATE Chene [14]oX e =
AP Ui &AL YYHE AMEH AL

UE AAAT U={w, w, -, utolet 81, uws UY
42tz sx AAAY U6 e 23T A 2
3 taU—[0,119 AALETST U011 &
A3tk 7)oM) ta(w)e woll tigt FANA f=He
uig £&5359 sgtela, falw)e wel sk FA9
A frede wel dE 2AY stakolrh talw)+alu) <
1 233% Al e ud &F3AE mawe [0119
HEEFAA [talw), 1-fa(w)]e] o) @€ 253k
[taCw), 1-fatw)le wel AP A2EFE palw)t
ta(w) < pmalw) = 1-fa(w2 FALd= AL 717l
o} tatw)+fa(uw) <1 FAFF Uy 23§ A7t 29
1¢ et

ta(U), 41 -falU)
1.0r 1-fa(U)
1=falw)
talud |2
0 U| >u
a1y 1 233%

ANAY U7t $80EY W, U9 2edd Ax o
o3 o] EHY & Uk

A=i[tA(Ui), 1-falud/w. 1
i=1
AANYE U7 F338d o, Uy =233 AT o



BE3RFE o8 JMF FAH8S
<3 o] RET 4 ATk
A:/ [ta(w), 1-fa(u)l/u;, wEU. (2)
1%

48 E9 U={], 2, -, 10}ol8tx 7}F3kAL U &
338 SMALL2 th3} o] Hejdck

SMALL = [1, 1/1 + [09, 11/2 + [06, 0.8)/3 +
[0.3, 0.5)/4 + [0.1, 0.2)/5.

Aol 2.1 A7} AAFF UY 23540, F4aE3
tast AALEYF 8 ety Fx ZEAT A
Udd e BE wH wol tistd 4 )7 h&E

JP,I e —l>

st B2 (convex)°]t}.
tau + (1I-Mug) =

1-faQuy + (1-Muw) =
7194 AE[0,1].
Aol 22 WA JueU, st 1-falw)=1°o}d
fa(up=0cld AALF U =3AT A= AA
(normal) &3 3telot

A9 2.3 R3xAHvague number)=
A BEo): AP BE BEFFet

a9 20 Bele 2 BEl@e nejsina, o7
A A7 23R As Btuple) <[(a, b, o) wl, [(a,
b, ¢y wI>22 7lgdrh 4 <l(a b, ¢ wl, [ b,
o) w>& <l b, o) 1 WI>E BIAY = U
A7l 0 < € w < L

Min(ta(u), ta(u2)), (3)
> Min(1-faluy), 1-falu2)), (4)

AR Ud

talU), 1-fa(U)
A

N N e O

CV

0 a b c
Iy 2 44 2sy%

kA AEE

Bl

Azt B A dig dedite
ol A ejgrill,13,14].
Atel 1 29 33 2 AR =333 As BE 47
R}, o)A
A=<[(ay, b, e wl, [, by, c1); wel>
=<[(a, by, c1); np wl>,
B =<(az, bz, c2); ml, [(az, by, c2); wl>
= <{(ap, bz, c2); 11y Uzl>,
2220 € wm < pp < 1
2t 2335 A9k BAMOl9] AbedAike offie} ol
Yt

g 2t WAL A B4 981

A®B=<I(ai, by, c); ml, Lay, by, e wl>B<(a,
bs, c2); ml, [(az, bz, c2); w2l>
=<[(ai+az, bitbz, ci+c2); ml,
citca); hel>
=<[(a1*az, bitbs, c1tca); Wy 12]> (5)

BoA=<[(az, by c2); ml, [(az, by c2); wl>6<(ay,
by, c1); wl, [(ay, by, c1); wl>

" =<[(az-c1, be-by, czmar)i wmil,
czra; wel>
=<[(ag-ci1, be-by, cz-ar); w; wl> (6)

A®B=<[{a1, by, c1); ml, [(a, by, c1); wI>®<[(ay,
bz, ¢2); W, [(az, bz, c2)i mwl>
=<[(a1xas, bixbz, cixcz); i,
c1%ca); Ual>
=<[(arxaz, bixbs, ci1xca); Uy Hel> (7

[(ai+as, bitby,

bo-by,

[(az-ci,

[(aixaz, bixby,

BOA=<[(az, by, c2); wl, [(az, bz c2); wl>@<[(a,
by, ci)i w), lay, b, c); wal> _
=<[(a/ci, by/bi, crai); wl, [(ayci, bo/by,
co/a1); wel>
=<[(a/c1, bo/by, cz/ar); wm; wol> 8
talU), 1-fa(U)
ta(U), &l —fa(U)

1=-fa(U)  1-fa(U)
H2
Hi

0 a by c1 a by C2 U
a9 3 A7 23305 Ast B(AHELD

AH 2 39 49 22 47 2E3d A9 BE A%
FHzL, o7]eM
A=<[(a1, by, c1); wl, [(ay, by, c1); p2l>,
B=<[(az, bz, c2); ual, [(az, bz, c2); wal>,
AR 0 < w3 < <y < <L
27t 25T As BAlolY] & ot 2o
Aok
A®B=<[(a;, by, ¢y wml, [(ay, by, c1) p>B<[(ay,
bz, c2); w3, [(az, be, c2); wal>
=<[(ar+az, bi+bs, c1+co); Min(, 1)), [(ar+ay,
bi+bz, ci+c2); Min(g, 14>
=<[(ar+az, bitbz, ci+cz); Min(w, U3); Min(us,
ua)1> (9)
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BOA=<[(az, by, c2); us], [(az, b, c2); WI>O<[(a,
by, c1); wl, {(ai, by, c1); pal>
=<[(az-¢1, bz-b1, cz-a1); Min(y, )], [(az—ci,
ba~b1, ce-a1); Min(lg, 1a)1>
=<[(az-c1, b2-b1, cz~ai); Min(i;, 13); Min(ug,
ug)]> (10)
A®B=<[(a;, by, 1) ml, Kay, b1, c1); pal>®<[(ay,
b, c2); usl, [(az, ba, c2)i ual> )
=<[(a1xaz, bixbz, cixcz); Min(l, )], [(a1xaz,
bixba, cixca)s Min(ué, n)l>
=<[(a1xaz, bixbz, ci%cz2); Min(i, u3); Min(ug,
u)l> (11)
B@A=<[(az, by, c2); 13, {(a by, c2); w>@<[(a,
by, c1); wl, [(a1, by, c1)s wl>
=<[(az/c;, bo/b1, cx/a); Min(y,
bo/by, ez/ar); Min(us, 1a)]>
=<[(ax/c1, bo/b1, cv/a); Min(, psh Min(uy,
ua)l> : (12)

w)l, [(a/cy,

ta(U), 1-fa(V)

tB(U),AF ~fs(U)
[V 1-falU)
Ha -
Ur |7
ps |

0 a bi cra bz ¢ U

a9 4 A4 25 A BAHI2)

3. HXA|AH-S MEE Y

oldoME R ks F HAA 2" 413
=& E43le WS At HAA2HY AIYEE
A5 98] A2"e FEeA7E JHAE A Ee
Z‘]iﬂ A=gelX A7 7t E Faxd wet 7t

S FAFG. Ao FH8A7 AR E AR
7]‘-6‘&% AAAGE [0, 1904 Hede 2izgez
rdg

A 2" a8 59 Zo] AARg 7 AoH5-7,
111, A7) A28 Pig) xS} 7HF5ge 2%
%A R, Ri=<l(a, bi, ) s mel>, O0smi<pe<l, 1<
i<n® W;, Wi=<[(a;, Bi, ¥i); 85 8)>, 0<8u<bn<l,
l<i<nZ 244 B8 & ot

Input —t Py H P2 —J——- Output

B L L

AZTEdS D S8 A 3 A A 11 500611

a9 59 2e $ANAde AAE PE FHRL9
Qs AERe TR T ol WA & 3
o,

P= H(Ri@Wi)
ici

= RIQW QR QW28 --- QR,QW,
= <[(ay, by, ¢); Wy Wel>R<(ay, By, ¥1); S5 S12l>
®R<[(az, bz, c2) bay pz]>®<[(az B2 v2); S5

Sxl>
®-®<[(an, bn, Ca); Wiy e >®<[(An; Bn, ¥n);
Ea1s Gna]>
= <[(arxai, bixBi, c1x¥y); Min(py, 811); Min(ug,
811>
®<[(azxaz, bexBz, cax¥2); Min(la, 821); Min(
2, 622)]>

® ®<[(anxGn, bann, CoX¥n);
Mm(llnz, n2)]>

= <[(IT(axw), IIl<bixBi), I exsd): M, 6
i=1 i= i=1 i=1

Mll’l(Unl, nl);

a) () (e, 821>
i=1

og7|dlA N Min d4katelt)

HEAAN2HLE aY 63 Zo] Az 5 UrH5-7,
111. 99719017 3tA =8 Piel 4lE=s} 7H5ge 28
=2 R, Ri=<[(a;, b;, ci); s wel>, 0<mpsup<l, 1<
in® W, Wi=<[(a;, B, ¥); &y 8]>, 0<8;<8p<l,
l<i<n2 2 2718 4 ok

Input lI - Output
Il

a9 6 BEA2de 74

29 63 2e WA 299 AT P T2
A= AFee neislel Te 2o) W & ok

P

1ol aereow)
i=1

19H(16<[(ai, bi, ¢i); Wiy Bpl>®<[(w, B, %))

11v lp]>)

1

19H<<[(1, 1, 1L 11>0<axa;, bixB;, cxy;
i=1

Min(ui,8i1); Min(niz,5i2)1>)
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1o<i(JId-exw), TIa-bixBy, T]Q-axa);
i=1 i=1 i=1

M Lua,8a); () (A ue,62)1>
i=1 i=1

<[1-TTa-axa), 1-TT-bxB, 1-1TQ-cxw);
i=1 i=1 i=1

i=

71l NE Min iAo

MY @1u,80); ) Q,112,52)]>
1 i=1

4. 0l((5-7]2] OIE 7IEt22)

Az Qs e T dy dnlAzE S8k o
I 7AAEAL ©] J1AEY A drke Alge] dnly)
A g FE2er7t oz Bo7t ol & e
7FsAde vl b A9 A J)AIE 26t
v ZAdoly ZAYPEL HoFE ALY o8I 9]
o FF EXBEES FEIA Feth g J)AISA
2 AR2 AT EXES AT ARED A
A wEod ARF 7MAte ARE aElz g2
olf2 Qs AuriAZAHG 2= ARHEER P
ST/t ol £ e FaARC dig AR e o
Y 79} go] B%E 7l Sl

Alazt F & e 71 AHRES] s vhE
&2 X 17 29 747 FeHAJUNAEZA5-7]). 7]
EAAEL AT E@FHoln JEANY AHRxd S
& Z5xA R, Re<(a;, by, ¢ M Wel>, 0<m<ip

E 1 Ao 9L F=
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3" 7 Ao F g

<1, 1<i<n® W;, Wi=<[(a;, Bi ¥); & 621>, 0<8;
<8p<l1, 1<i<nZ z}z} ¥71& 4 Qi

E 13} 29 o8] €& & Ae HANL2HY 748
2o gt A= Ret 7FEd Wi tet 2ok a8
I HAA 2 AR g Hrisks FHHANA T3
ok&E 71E#% Wy, Wy, Wz 59 7A53e 12 13
gt}

Ra=<[(0.00888, 0.02, 0.03112); 1.0; 0.95]>,
Rp=<[(0.00888, 0.02, 0.03112); 1.0; 0.95]>,
Re=<[(0.75552, 0.8, 0.84448); 1.0; 0.95]>,
Rp=<[(0.75552, 0.8, 0.84448); 1.0; 0.95]>,
Re=<[(0.94434, 1.0, 1.05566); 1.0; 0.95]>,
Re=<[(0.04722, 0.05, 0.05278); 1.0; 0.901>,
Re=<[(0.04722, 0.05, 0.05278); 1.0; 0.90]>,
Ru=<[(0.00944, 0.01, 0.01056); 1.0; 0.901>.

Wa=<[(0.89712, 0.95, 1.00288); 1.0; 0.95]>,

ZIBAIEES A=

7% 71EAR a bi ci Uit Uig
A z2{l10] BQtAS uatg 0.00888 0.02 0.03112 1.0 0.95
B 229127} 2R & v)Fg 0.00888 0.02 0.03112 1.0 0.95
C 71Ae) B& 0.75552 08 0.84448 1.0 0.95
D 71427} 5% & 0.75552 0.8 0.84448 1.0 0.95
E H glo] B2 A 0.94434 1.0 1.05566 1.0 0.95
F ARE 7ML A 0.04722 0.06 0.05278 1.0 0.90
G AREL ThRFRs A 0.04722 0.05 0.05278 1.0 0.90
H 2 o]l¢4E Solov Ay 0.00944 0.01 0.01056 1.0 0.90

E 2 Al3o)] JFE FE VBAAES S

71% 712 g Bi Xi 8i1 Siz
A Z23tg10] HeHAS u|Fg 0.89712 0.95 1.00288 10 095
B FZAU27t HetF S v FE 0.89712 0.95 1.00288 1.0 0.95
C 7\A1°] T2 F 0.8499 0.90 0.9501 1.0 0.95
D 71A27} &2 & 0.8499 0.90 0.9501 1.0 0.95
E HebA glo] S0l Al 0.89712 0.95 1.00288 1.0 0.95
F ARE 7HA e Al 0.8499 0.90 0.9501 1.0 0.90
G AAES VA7 AR 0.8499 0.90 0.9501 10 0.90
H 2 o]§E BooE Al 0.75547 0.80 0.84453 1.0 0.90
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Wp=<[(0.89712, 0.95, 1.00283); 1.0; 0.95]>,
We=<[(0.8499, 0.90, 0.9501); 1.0; 0.95]>,
Wp=<[(0.8499, 0.90, 0.9501); 1.0; 0.95]>,
We=<[(0.89712, 0.95, 1.00288); 1.0; 0.95]>,
Wr=<[(0.8499, 0.90, 0.9501); 1.0; 0.901>,
We=<[(0.8499, 0.90, 0.9501); 1.0; 0.901>,
Wr=<[(0.75547, 0.80, 0.84453); 1.0; 0.90]>.

At Xl di@ ez e o3 2ol vied F
ek

U=F+G+H,
V=C+D,

Z=ExUxV,
X=A+B+Z.

WA g HE=F A4 o oo ge A

g & Yok

Ry=10(1SRrQWr)®(16Rc®Ws)® (1SRa® W)
=19(16<[(0.04722, 0.05, 0.05278); 1.0; 0.901>
®<[(0.8499, 0.90, 0.9501); 1.0; 0.90]>)
®(16<[(0.04722, 0.05, 0.05278); 1.0; 0.90]>
®<[(0.8499, 0.90, 0.9501); 1.0; 0.90]>)
®(16<[(0.00944, 0.01, 0.01056); 1.0; 0.90]>
®<{[(0.75547, 0.80, 0.84453); 1.0; 0.90}>)
=16(16<[(0.04013, 0.045, 0.05015); 1.0; 0.901>)
®(16<[(0.04013, 0.045, 0.05015); 1.0; 0.901>)
®(1©<[(0.00713, 0.008, 0.00892); 1.0; 0.901>)
=16<[(0.94985, 0.955, 0.95987); 1.0; 0.90]>)
®<[(0.94985, 0.955, 0.95987); 1.0; 0.901>)
®<[(0.99108, 0.992, 0.99287); 1.0; 0.901>)
=1©<[(0.89417, 0.90473, 0.91478); 1.0; 0.901>
=<[(0.08522, 0.09527, 0.10583); 1.0; 0.901>

Ry=16(16RcQWc)R(1SRp®Wp))
=16(16<[(0.75552, 0.8, 0.84448); 1.0; 0.95]>
®<[(0.8499, 0.90, 0.9501); 1.0; 0.951>)
®(1e<[(0.75552, 0.8, 0.84448); 1.0; 0.95]>
®<[(0.8499, 0.90, 0.9501); 1.0; 0.95]>)
=16(16<[(0.64212, 0.72, 0.80234); 1.0; 0.951>)
R (10<[(0.64212, 0.72, 0.80234); 1.0; 0.95]>)
=19<[(0.19766, 0.28, 0.35788); 1.0; 0.95]>
®<[(0.19766, 0.28, 0.35783); 1.0; 0.95]>
=16<[(0.03907, 0.0784, 0.12808); 1.0; 0.95]>
=<[(0.87192, 0.9216, 0.96093); 1.0; 0.95}]>
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Rz=ReQWrQRyQWuRRvO Wy
=<[(0.94434, 1.0, 1.05566); 1.0; 0.95]>®<[(0.89712,
0.95, 1.00288); 1.0, 0.951>
®<[(0.08522, 0.09527, 0.10583); 1.0; 0.90>®
<[, 1, 1; 1.0, 1.0}>
®<[(0.87192, 0.9216, 0.96093);
<[, 1, 1; 1.0; 1.0]>
=<[(0.84719, 0.95, 1.058709); 1.0; 0.95]>
®<[(0.08522, 0.09527, 0.10583); 1.0; 0.901>
®<[(0.87192, 0.9216, 0.96093); 1.0; 0.95]>
=<[(0.06295, 0.08341, 0.10767); 1.0; 0.901>

1.0; 0.95>®

Rx=1S(1CRAQO WA R (18R Wp)R(1ERQWz)
=1©(16<[(0.00888, 0.02, 0.03112); 1.0; 0.95}>
®<[(0.89712, 0.95, 1.0028%); 1.0; 0.951>)
®(16<[(0.00888, 0.02, 0.03112); 1.0; 0.951>
®<[(0.89712, 0.95, 1.00288); 1.0; 0.951>)
®(16<([(0.06295, 0.08341, 0.10767); 1.0; 0.901>
®<[(1, 1, 1); 1.0, 1.01>)
=16(16<[(0.00797, 0.019, 0.03121); 1.0; 0.95]>)
®(16<[(0.00797, 0.019, 0.03121); 1.0; 0.95}>)
®(16<[(0.06295, 0.08341, 0.10767); 1.0; 0.901>)
=16<[(0.96879, 0.981, 0.99203); 1.0; 0.95]>
®<[(0.96879, 0.981, 0.99203); 1.0; 0.95]>
®<[(0.89233, 0.91659, 0.93705); 1.0; 0.901>
=16<[(0.8375, 0.88209, 0.92217); 1.0; 0.901>
=<[(0.07783, 0.11791, 0.1625); 1.0; 0.90]>
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