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ABSTRACT: This paper is one of continuations
for < FUZZY RELIABILITY->. It provides the
caleulating method which can be used in
calculation of a fuzzy reliability for the
voting systems. In this paper author derives
the series formulas by means of a basic cone
cepts and principles of the fuzay reliabi-
lity. This paper only considers the 1ndexes
of FA mode.
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We still employ a :lassificatory method of a system for
gemeral reliability theory. A voting system is defined as
the system consisting of n{ =3) elements such that system
is successful when at least r (=) elements are success-
ful.

It is supposed that a voting system consist of n elements
B, » D, ++++» Dp(as shown in figure), and it may be assum-
ed that n elements are same, and failure of any element
would occur independentyly of an operation of other compon-
ents.

Now we employ the denotations as follows:

R -~ general reliability of a element.

Rg general reliability of voting system.

A - general failure rate of a element.

R & fuzzy reliability of voting system.

[




A@ - fuzzy reliability of a

element.
MITF ;- fuzzy mean life of
voting system. ' D,
A - fuzzy failure rate of a D
element. 2
’éi- discussing one of per- —-1 . -
formance subsets. .
”!Ei(Rs) - degree of membership .
of Rgin 4;.
“iﬁi(R) - degree of membership Dn
of R inﬂéi.
D - the system is successful. (r - out - of - n)
Dj- a element is successful. Figure
By means of a definition of fuzzy conditional probabilitf? we
have
P(DAA;) = P(4;[D)P(D) ()
P(DyAA;) = P(4;]D4)B(D ) | (2)

where the sign /\ denotes algebraic product.

2
By means of general reliability theory[)and fuzzy reliability
theorym

P(D) = Ry , P(D;) = R
P(D/-\,\A;i) =JE>S ’ P(Djﬁ\,&'j) =R
P(4,ID) =#a3(Rg),  P(41Dy =*a{R)

Therefore Eqs. (1) and (2) may be respectively rewritten as
follows:

Rs="41(Rs)Rs (3)
R =#4;(R)R (4)

In terms of general probability theory, probability of k ele-
ments which are successful in n elements is

k_ 2\pk,,_p\n~k
Pn—(k)R (1-R) |




154

The system has (n-r+1) successful ways:

(1). k*r, r elements are successful and (n-r) elements are
failure.

(2). k=r+1, (r+1) elements are successful and (n-r-1) elements
are failure.

(n-r+1). k=rt(a-r) = n, every element is successful.

Then general reliability of voting system is

- n,_x ’_ n—k
Rg = £ (CIRE(1-R) | (5)

By means of a relation between the general reliability and the

general failure rate for every elementi'zJ » we have

oo
R = exp{—-s Adt}
0

Substituting it into Eq.(5) , we obtain

RS:ér( ’;) (exp{—./:ok at}Jk(l—exp{'—fjA 2t} 1" (6)

If M is equal to constant, then

n n -At_k =AMt _n-k
re= 2 (e e ™)
n n kNt -At n—-k
2 e he™") ()

Substituting Eqs.(4) and (7) into Eg.(3) , we obtain

n n. —-kAt -At_n-k
Rg=#a. (R 2 e 1l- 8
Rs=ma;(Rs) 2 ()6 ( ) (8)

“~~
Eq.(8) is a general expression of fuzzy reliability of the
System. |
By means of a relation between general fajilure rate and fuzzy
failure ralte('J y We have

s, . (R)
ALi = AP, (R)
#ay (R)AT A ﬁﬁi(R)

(9)

N= A=
~
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where # l(R) is related derivative of ”'Al(R)
bubsti‘ﬁuting Eq.(9) into BEq.(8) , then

oL n —-Q._+M’A.(R)]kt
= Z' ~1 d
E’s “.é,i(RS)IFr(k)e

{1- 'e--[i».lﬂbA (R)]t}n-—k ' -

Now derive a formula of fuzzy mean life of voting system. By
means of a relation between fuzzy mean life and fuzzy reliability,
MITFg of the system is expressed

P g

o0
MTTFS=j;£Sdt
o0
=./‘“’é.’i(RS)RSdt
~MA1(RS)m/‘ Rgdt -

where “Al(Rém '§:8mean value of "Ai(Ra) vwhich over interval (0, o)
of operational time t, 1t is equal to constant, and

S Rgdt=_, 2 (_)R¥{1-r) dt
0 0 k=r
oo n n_ —=knt -At _n—k
= 2 1
VAT SO L )
1 1 1 1
T v (n=1)A (n—2)A M
1 1 1 1 1
=—(— —— +—— + ot —) 15
M n n-1 n-2 r

Supstituting Eqs.(9) and (12) into Eq.(11), we obtain

(R 1 1 1 1 .
MTTF g =——-——-’é'l( ki —t ot 3
— A+@ n n—-l1 n-— r

[ 4
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