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ABSTRACT

Reliability analysis using Intuitionistic Fuzzy Numbers (IFNs) is studied by many researchers, because of its
importance in wide range applications in real world. In this paper, due to the lack of a well-established theory of
Intuitionistic Fuzzy Equations, we intend to characterize some properties of Intuitionistic Fuzzy Equations by
discussing equations of two very simple types : &' + ' = B' and €' X' = I' where : &', B'.€", I" are
Intuitionistic Fuzzy Numbers and X* is an unknown Intuitionistic Fuzzy Number for which either of the equations is
to be satisfied. An approach to evaluate the unknown components of system failure using Intuitionistic Fuzzy

Numbers is presented by using Intuitionistic Fuzzy Fault tree analysis.
Keywords : Fuzzy set, Intuitionistic Fuzzy Number, Intuitionistic Fuzzy Equations, System Reliability
I INTRODUCTION

Research on the theory of fuzzy sets has been growing steadily since the inception of the theory by L.A. Zadeh [1]
and has meaningful applications in many fields like engineering, medical science, social science, graph theory etc.
In fuzzy set theory, the membership of an element to a fuzzy set is a single value in [0, 1] and it represents the
degree of belongingness of the element to the fuzzy set. However in reality, it may not always be true that the
degree of non-membership of an element in a fuzzy set is equal to one minus the membership degree because there
may be some hesitation degree. Therefore, a generalization of fuzzy sets was proposed by K. Atanassov [2] as
Intuitionistic fuzzy sets. Intuitionistic fuzzy sets (IFS) are sets whose elements have degrees of membership and
non-membership which is an extension of L. Zadeh’s [1] notion of fuzzy set. Atanassov (1999, 2012) [2-8] carried
out rigorous research based on the theory and applications of Intuitionistic fuzzy sets. Szmidt and Kacrzyk [9],
Cornelis, Deschrijver and Kerre[10], Buhaesku [11], Stoyanova and Atanassov [12], Stoyanova [13], Deschrijver
and Kerre [14] are also contributed much in Intuitionistic Fuzzy Sets. Burillo [15] et al proposed definition of
Intuitionistic Fuzzy Number (IFN) and studied perturbations of IFN and the first properties of the correlation
between these numbers. Mitchell [16] considered the problem of ranking a set of intuitionistic fuzzy numbers to

define a fuzzy rank and a characteristic vagueness factor for each intuitionistic fuzzy number.
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In real world problems, the collected data or system parameters are often imprecise because of incomplete or non-
obtainable information, and the probabilistic approach to the conventional reliability analysis is inadequate to
account for such built-in uncertainties in data. Therefore concept of fuzzy reliability has been introduced and
formulated either in the context of the possibility measures or as a transition from fuzzy success state to fuzzy failure
state [17]. Cheng and Mon [18] considered that components are with different membership functions, then interval
arithmetic and o-cuts were used to evaluate fuzzy system reliability. G. S. Mahapatra and T. K. Roy[19] introduced
intuitionistic fuzzy number and its arithmetic operations based on extension principle of intuitionistic fuzzy sets.
They also presented that the arithmetic operation of two or more IFN is again an IFN.

The Intuitionistic theory is a relatively new branch of the fuzzy set theory and so there are many unsolved or
unformulated problems in it. In the Intuitionistic Fuzzy Theory, there are a bunch of open problems. One area of
such theory in which IFNs and arithmetic operations on IFNs play a fundamental role are Intuitionistic fuzzy
equations. In this paper, Intuitionistic Fuzzy Equations according to the approach of arithmetic operations on IFNs
is presented. Trapezoidal intuitionistic fuzzy number (TrIFN) is defined and simple Intuitionistic Fuzzy Equations
(IFE) are solved. The difficulty in solving such equations arises due to the fact that arithmetic operations on these
equation does not lead to the exact solution. The example presented by G. S. Mahapatra and T. K. Roy [20]
‘Application of system failure using Intuitionistic Fuzzy number’ is used to verify the concept presented in this
paper. Intuitionistic fuzzy equations using TrIFNs are used to evaluate the unknown components of imprecise

system failure by Intuitionistic fuzzy fault tree analysis.
11 BASIC CONCEPT OF INTUTIONISTIC FUZZY NUMBERS
Definition : 2.1 An intuitionistic fuzzy set Al [Attanassov, 1986] on X is given by

A =< xp () vglx) =2 xeX} with pgi(x) 1 X - [0.1] and vg(x) : X — [0,1] such that

0 < pglx) +vulx) =1 forall xeX.

The value ui(x) is a lower bound on the degree of membership of x derived from the evidence for x and v (x) is
a lower bound on the negation of x derived from the evidence against x. We will call ,
mpilx) =1 — pulx) —vpulx) , x € X the intuitionistic index of x. It is the hesitancy of x in A", and expressed

lack of knowledge of whether x € X or not.

— .

Figure L. lsmunomsoc fazzy ser explanaton of real numbes R
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An IFS A%in X is characterized by a membership function ugilx) and non-membership function v(x). Here
ugilx) and v (x) are associated with each point in X, a real number in [0,1] with the value of u4:i(x) and v (x) at
X representing the grade of membership and non-membership of x in 4*. Thus closure the value of pyilx) to unity
and the value of v4(x) to zero; higher the grade of membership and lower the grade of non-membership of x.
When A" is an ordinary set its membership function or non-membership function can take on only two values 0 and
1. If ugilx) =0 and vulx) =1 the element x does not belong to A", An IFS becomes a fuzzy set A" when

vgilx) = 0but pge(x) e [0, 1] v x € A7

Definition : 2.2 A set of (a, B) — cut, generated by IFS A", where a, B € [0,1] are fixed numbers such that o + B

= 1 is defined as

F (x,.ujc{x],vjc{x]) txeX,
8 ppilx) = avpilx) = B, fe[0,1]
(o, B) — level interval or (o, B) — cut, denoted by A ‘aﬁ, is defined as the crisp set of elements x which

belong to 4 "atleast to the degree o and which does belong to 4 fat most to the degree P.

Definition 2.3 Intuitionistic Fuzzy Number (IFN):
An IFN A is defined as follows:
i)  Anintuitionistic fuzzy subset of the real line.

if) Normal, i.e., there isany xp € R such that wgi{x) =1 (S0 vgzlxy) =0)
iii) A convex set for the membership function w4:(x), i.e.,
prille, + (1-Dx) = m{n{ wilxy ), .uji{xz:]) ¥i,,x, ER, A e[0.1]
iv) A concave set for the non — membership function vz (x), i.e.,
ville, + (1 — ) = max(vﬁiﬂx,_], 'L'AEEIEJJ ¥x,.x, ER 1e[0.1]

pgi(x), vglx)
1

05 f--------2c-

0
Fig. 2 Membership and non membership functions of 4*
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Definition 2.4 Trapezoidal Intuitionistic Fuzzy Number (TrlIFN):

ATIIFN (Fig.1) 4° is a subset of IFS in R with membership function and non - membership function as follows

X—0aq
Lt =y =
p— forao, =x <o,
1 foro; = x <o
upilx) = and
Gg=X

Orfs =X =0
P f : 4

0 otherwise

Gz=X ¥
D oroy =x=a
Py f 12X =0
0 fore; = x = oy
vglx) =
X=-0 [
ﬁ fora; =x = oy
g =3
1 otherwise

Where Gy T 0y T 03 T 03 = Gy =0y and TrIFN is denoted by f‘?lg'r-”:ﬂr = {ﬂ'l-' Cig, Qg Qg Oy, Gg, Ggs 54]

IR
A

Figure 2: Membership and non-membership function of TrIFN

Note : Here ugi(X) increases with constant rate for x € [ay. a;] and decreases with constant rate for x € [as, a,]

but v (x) decreases with constant rate for x € [a, " a;] and increases with constant rate for x € [as, a;].

111 ARITHMETIC OPERATIONS AND S
NUMBERS

In this section, the arithmetic operations of

approximation ((a,f)-cuts) method introduced by G.

OME PROPERTIES ON INTUITIONISTIC FUZZY

IFNs based on intuitionistic fuzzy extension principle and
S. Mahapatra, T.K. Roy [15] is presented.

3.1 Arithmetic Operations of Intuitionistic Fuzzy Numbers Based on Extension Principle

The arithmetic operation (*) of two IFNS is a mapping of an input vector X=[x4.x]" define in the Cartesian product

space RXR onto an output y define in the real space R. If .?1’1[ and .?iz[are IFN then their outcome of arithmetic

operation is also a IFN determined with the formula
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(AL« AL) ) = {(y i [miﬂ (-“,-ﬁ [x,_],,uﬁg{xz:])] . [mr.l,x {vﬂ{x,_lvﬂ{xz:])] ) VXXV E R}.

To calculate the arithmetic operation of IFNs it is sufficient to determine the membership function and non-

membership function as follows
Byt (yv) = _].'=::_JFJ.‘2 [miﬂ {'“ﬁi (xllluﬁ% {xﬂ)] and Vgia (y) = J_=ri”,§2 [mux (vﬂ[xll Vi {xﬂ)] .
3.2 Arithmetic Operations of Intuitionistic Fuzzy Numbers Based on (a, B)-cuts Method

If ﬁliis an IFN, then (a, B) - cut is given by

[4, (e). A; (&)] for degree of acceptance ae[0, 1]
Agpg = with o + p =1.
[A4,"(8). A, "(8)] for degree of rejection Se[0, 1]

4@ 5, d"“—; 2 <0 for all a€(0, 1), 4, (1) < A;(1) and

da @

Here 0]

(ii) ““";}fﬁ-‘ <0, “;;fm >0 forall B €(0, 1), A',(0) < 4",(0).

Itis expressed as A g = L[4, {a), A;(a)]: [4,'(8). 4" (B, o + B= 1, o, BE[O, 1].

For instance, if 4* = (ay.00.00.84; @' a5.85.a,") is a TrIFN, then (o, B)-level intervals or (a, B)-cuts is
Ay g ={l4,(a), A (e)]; [4,'(8), A" (B}, o+ B= 1, 0, BE[O, 1]

Where 4, (e} = ay + ala; —a,), A (e) = ay —alay, —a;);

-'1;.'['3] =83 — .E{ﬂ'z - ﬂirl-'q;[ﬁj =a;+ .E{ﬂ4r - ﬂ'a]

G.S. Mahapatra and T.K. Roy [20] presented that the arithmetic operation of two or more intuitionistic fuzzy
number is again an intuitionistic fuzzy number. The properties introduced by them are mentioned below which

forms the basic for this paper.
Property 3.1

(@) If TrIFN &' = (a,. a5, 85, a4 6, az.a3.6,7 and y = ka (with k>0), then ¥' =kA'is a TrIFN
(ka,.ka; kas, kay ; ka," ka;.kay, ka,").

() f 'y = ka (with k<0, ie, k is negative)) then F'=kAis a TrIFN
(ka,. kas, kay. ka, ; ka,' ka;, kay, ka, ")
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Property 3.2

If &' = (a,.8;.85. 8, a," a;.85.a,") and B* = (b, by by, by by" by, ba,b,") are two TrIFNS, then
C'=A'@Blisalso TIFN A' @ B'=(a, + by.ay + by.ay + baay + by ay + by ay +by,as + ba,al + b7,
Note: If we have the transformation €* = klﬁ[ + kK B! (k4. % are real numbers, not all zero), then the IFS
€' = kA" 4+ k; BY is the following TrIFN:

(kyay + koby Koy + by kyay + koby kyay + kpbys kya'y +ipb' L kyay +koby kyag + kpby kya'y +

Q) ab's) ifk, =0k, 20 ork, = 0,k; > 0

(kyay + kyby kyay + kobg kyay + kpbo kyay + gy bys kya'y + i b’y kyay + lpba. kyag + lp by kya’y +
(ii) ko b)) ifky =0k =0 ork =20k =0

(hyag + kb kyas + koby, kyas + kobo kyas + kobyr kye'y + kb L ke + ko bo ke + R bo ke’ +
Giiy *2P'a) ifky <0,k =0 ork, =0,k =0

(kyay + kyby kyay + kobg kyap + kpbokyay + kg by kya'y + kg bl kyag + ky by kyay iy bpkya’y +
(iv) kb)) ifky <0ky; =0 ork, =0,k <0

Property 3.3

If &' = (ay.a;.85.04; @, 85, 05.0,") and B' = (b, bo.ba, by By by, baub,") are two TrIFNS, then
Bt = I'@B'isalso TrIFN A' @ B'= (ayby. a;by. azhy, ayby; aiby, asby. azhy, ayh,”).
Property 3.4
If A = (a,,8,.85.8,: a," 85,850, and EB' = (b, by by by b, by bsb,) are two TrIFNs, then
ﬂl: — J._i'l: . g[isalsoTrIFNﬁ[ - E[:(ﬂ Gz &3 &g 47y f3 A3 ﬂ)
) ) by by By "By | Brg'Bs by Byt

IV INTUITIONISTIC FUZZY EQUATIONS

Intuitionistic fuzzy equations are equations in which coefficients and unknowns are Trapezoidal Intuitionistic fuzzy
number (TrIFN) and formulas are constructed by arithmetic operations on Intuitionistic fuzzy number. Here, we
only intend to characterize some properties of Intuitionistic fuzzy equations by discussing equations of two very

simple types

I+¥=F ad C.X=D
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where 4, B, C'and D" are TrIFNs and X is an unknown Trapezoidal Intuitionistic fuzzy number for which

either of the equations is to be satisfied.

Property 4.1 The equation &' + X' = B*...(1) has a solution if and only if

by'—m'=bh—ay £hy—Gy = by —ay = hy—ay =by'—ay,'

Where &' = (ay, 8;.85. 84 6y 65, 85,8, and B' = (b, by.bg, by s by by, ba, by are two TrIFNS.
Proof. We first prove that X' = E* — 4" is not the solution.

ie, Bl-A'=(by—a, by—ay, by—a; by —a,: by —ay, by —ag, by—ay, by—a;’)
substituting the value for X' in (1) we get

:5[ + {g[—fi[] = {ﬂl.-ﬂz.-ﬂ-g.-ﬂ_.;: ﬂj_l.-ﬂ-z.-ﬂ-g.-ﬂ_-;lj

- “’L —agb; —a3.b; —ay by —ay; &.1 - ﬂ;v by —az, by —ag. E’;_ '31']
= (@ +(by — ag), a3 +(by —83), a3 +(b — ay), 6y +(by — ay);
ay'+(by'—ay), a; +(b —ag), @z +(by —ag), @y +(by' —ay))

# (by.by, by, by ; by by, by ) = B

ie, A"+ (B'-A"y= B' whenevera, = a,, a; * a; and a, * a,
~» X' = B' — 4% is not a solution of the equation.

Let ¥ = (xy,x5,%5.%,; ¥, %5.%5,7, ). Then the Intuitionistic fuzzy equation 4* + X' = E' can be given by
(@y + %587 + %285 + %5.0y + X450y + %, 187 + X3.05 + X5.0; + 1,7

= [al;bz.u EJ;.I EJ_-;: EJil.IEJE.I EJ;; EJ_-;I]
.= ﬂ-;|_+x1_: bl s g +.'L"2 = bz.-ﬂ-g -I-xg: EJE_. oy +.'L"4: EJ_.;_.
u',_+x'1= EJ',_, u,;-l—x;: EJ_;.
From this we get the solution, £ = (xy,x5,%5.%4; %, x5, 75,2, ) as

— —_ — — [ ¥ ¥ r r
xl—bl_ﬂ-lgxz—&z_ﬂz _.xg—&g_ﬂ-g ,14—54—5-4,1'1 —&1 _ﬂ-l _.x_.; —EJ_.; _ﬂ'-'i N

Since we have &' asa TrIFN, we should have x;'< x, < x; < %3 < 1, < X4
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i.e., the equation has a solution ifand only if by "—ay "= by —a@y =by —@y T by — @y = by — @y = by —ay'
Property 4.2:  The equation €*. X' = D®...(2) has a solution if and only if

difcy’ = dyfe; Sdyfc; = dyfey S dyfcs = dyfey’

Where €1 = (¢,,65, 65,65} €465, 63,65 and T* = (d,,dy.da.dy; dy ' dq.d4 6,7 are two TrIFNS.

Proof.  We first prove that X' = ﬂl;’f[ is not the solution.

: ot _ fdy dp dy dyg dy dy dp odg
ie., ,:'rlf-[ =\ T
4 O3 €2 €1 €' O3 €3 €4

substituting the value for X£* in (2) we get,

et it S
€y €3 €3 €3 €4 C3 €3 Cy

#(d, dy.dydy: dy'dydgd, )= DF
ie., C".( fc.l-) = Ot s X = "[rf‘ is not a solution of the equation (2).

Let X' = (xy.%5.%5.%4: x, %5752, ). Then the Intuitionistic fuzzy equation €*. X* = D" can be given by

(1, €227,62% 5, 04X 45 €1%1.02%0.C3%5.65%, ) = (dy.dy.dydys dydyadydy)

L Gy = iy, GpXg = dg 03Xy = dg, CgXy = dd,,c'lx,'_ = dll, c;x4'= d;.

From this we get the solution, £ = (xy,x5,%3.%4; %, x5, 75,2, ) as

xy=dy /6y .%; = dyfC3.%3 = dgfez . x5 = dyfey . %"= djl.;"rclle-d-I: d:i-fﬂ':.'-

Since we have &' asa TrIFN, we should have x,'< x; < x; S x5 < x4 < x4

i.e., the equation has a solution if and only if dy/cy’ = d, /e, Sdsfe; < dafes = dyfcy, = dyjfcy’

In addition, Any Intuitionistic Fuzzy Number can be uniquely represented by its (a, f) cuts. Hence the described

procedure can be applied to (a, B) cuts of arbitrary TrIFNs.
i.e., The (a, B) cut of the Intuitionistic fuzzy equation, 4z 5 + Xz g = By has a solution,
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5= 11X, 5] %06, %)} a+ps1,q e [01]
Where X, (e} = x;+a(x; —x,), Xla) = xy—a(xy, —x3),
X)) = 23— Bxy —x,Nand X, 8) = xq+ f(x,' — x3).
4.1 An Example to Find The Solution of Intuitionistic fuzzy equations:

Let A% B*be two TrIFNs whose membership an non-membership functions are given by

x—-L5

, 1l5=x=<3 , ll=x=<3
1.5 14
3=x=4 1 I=x =4
ppile) =4, =T, vale) =4, =T
4 22 4=y =52 = 2 4=zx=509
1.2 1.5
0 . otherwise 1 ., otherwise
2 36<x <62 e 21=x <62
1.6 4.1
1 6.2 =x =83 0 6.2=x=283
uailx) = e == , vailx) =4 ' ==
°E ”’:"‘E”, 83<xr=100  ° % , B3<x<124
0 .,  otherwise 1 ., otherwise

Solve the following Intuitionistic fuzzy equations for X' and find the membership and non-membership function for
i

a) A+ X =R
by BLX' ="

Solution:
From the membership and non-membership function of A'and B*. We can formulate the TrIFN as
A'=(1.5,3,4,5.2;1.1,3,4,5.9)
B = (3.6,6.2,8.3,10.9;2.1,6.2,8.3,12.4)
First, let us consider the Intuitionistic fuzzy equation A* + ¥ = B! - )
Here the solution &% = (xy,%5, X5, %4} ¥} %3, %5, %5)

=(by — g, by — 63, by — 63, by — ay; by — @y, by — ay. by — @y, By — ay) is possible iff
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Hence (1) has a solution as

2'=(2.1,324357:13.2,43,6.5)

Now, Let us consider the Intuitionistic fuzzy equation B X* = £* - 2

Substituting the solution X* in (2) and by means of arithmetic operations on TrIFN we can calculate €'* as
€= {Enle,EJExE,Engg,Enixi: by x),byxy.byxg, byxh)

= (7.56,19.84,35.69,62.13;2.1, 19.84, 35.69, 80.6)

Hence the membership and non-membership function of Clis given by

X-T7.56
12.28

) = 1, 1984 < x = 35.60
o BB-X 3560 < x < 6213
2644

0 , otherwise

. 7.06 = x = 19.84

198 —x 10.84
., 21=x=19,
17.74 *

0 . 19.84 = x = 35.60
x — 35.69

44,91
1 ., otherwise

vailz) =
. 35,60 = x <806

Note: The (e, £} cut of the Intuitionistic fuzzy equation is given by
Ayg+ Xy =Bz where X, g = {[X, (@), X; ()]: [ (8). 53(8)]}, 0=a+p =1, apfe[0l]
Leta = 0.25, § = 0.5 then X, (&) = x, + alx; — x,) = 2.1 $ 0.25(3.2 —2.1) = 2.375
X (a) =5.7-0.25(5.7 — 4.3) = 5.35
@ =32-05@B2-1=21
X:(8) =43 +05(6.5—-43) =54

Hence X, 5 = {[2.373,5.33]:[2.1,5.4]}
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V  EVALUATING UNKNOWN COMPONENTS IN SYSTEM FAILURE USING
INTUITIONISTIC FUZZY EQUATIONS & FUZZY FAULT TREE ANALYSIS

Starting failure of an automobile depends on different facts which is briefly explained by G.S. Mahapatra and T.K.
Roy [15]. The facts are battery low charge, ignition failure and fuel supply failure. There are two sub-factors of

each of the facts. The fault tree of failure to start of the automobile is shown below.

Failure to Start
_ — | —
Battery Low . Fuel Supply

Low Battery, Battery Wire Harness) [Spark Plug  |Fiael III_iEIIJ]l" Fuel Pamp

Fluid | |Intemal Short Failure Failure Failure

Suppose we are given the data such that the fuzzy failure to start an automobile and other facts are presented and we
are intiated to calculate or compute the value of inner components such as the value for ignition failure, the value for
battery internal short, the value for spark plug failure and the value for fuel pump failure. In such case, it is difficult
to follow the arithmetic operations defined on TrIFNs as it deviates from actual value. Hence Intuitionistic Fuzzy

equations play a vital role in such situations to bring out the appropriate value for the unknown TrIFNs.

Nearhorsh yunan cwmbombg «ahse

o5 BLHIPUINY SFNNTSEL TR SSEC) Y -
o8 0 016 02 0.2% 03 °as ) cas
System fafure 1o stan

TrIFN representing the system failure to start an automobile

E fo represents the system failure to start of automobile.

E represents the failure to start of automobile due to Battery Low Charge.
E if represents the failure to start of automobile due to Ignition Failure.
F“M represents the failure to start of automobile due to Fuel Supply Failure.
£t ibf represents the failure to start of automobile due to Low Battery Fluid.
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B biz represents the failure to start of automobile due to Battery Internal Short.

F[wi':f represents the failure to start of automobile due to Wire Harness Failure.

F‘E_ﬂf represents the failure to start of automobile due to Spark Plug Failure.

F‘ﬁf represents the failure to start of automobile due to Fuel Injector Failure.

F‘fpf represents the failure to start of automobile due to Fuel Pump Failure.

The intuitionistic fuzzy failure to start of an automobile can be calculated when the failures of the occurrence of
basic fault events are known. The numerical explanation for starting failure of the automobile using fault tree
analysis with intuitionistic fuzzy failure rate is presented below. The components failure rates as TrIFN are given by
F[st = (0.149855,0.241615, 0.310286, 0.366922; 0.086857, 0.241615, 0.310286, 0.413272),

£, = (0.0396,0.0785,0.107, 0.1258; 0.0199, 0.0785, 0.107, 0.1444),
Fi ;= (0.0688,0.107,0.1351,0.1536:0.0494,0.107,0.1351, 0.1719),
Fi s = (0.02,0.05, 0.06,0.07; 0.01,0.05, 0.06, 0.08),
Fi s = (0.03,0.04,0.05,0.07; 0.01, 0.04, 0.05.,0.09),
Fior = (0.03,0.05,0.07, 0.08;0.02,0.05, 0.07, 0.09).

Failure to start of an automobile can be evaluated by using the following steps:
Step 1.

=180 )0 8R0S ), (1)

Using equation (1) and the numerical data presented above, we can compute the unknown value of

:F'[l-f = (x.x.xa%,: x, " x.x,.x, " as follows.
(18 F)=0-x.1-x31—x1—x,;1—x,1— %31 — 25,1 —x,7)
= Oy i yoy e nd)= ¥
Then equation (1) becomes £" z; el1of,, )1s F‘M} Pi=1 ... (1a)

(15 £ ) = (0.9604,0.9215,0.893, 0.8742; 0.9801, 0.9215, 0.893, 0.8556)
(1& Fir) = (0.9312,0.893,0.8649, 0.8464; 0.9506, 0.893, 0.8649, 0.8281)
Using the arithmetic operations, we can compute the value of (1 & F',. (1 © F‘M] , then we substitute the value

in (1a) and using the concept of Intuitionistic fuzzy equations we can compute the value of £* if as

E i = (0.0494,0.0784,0.107, 0.144; 0.0199, 0.0784, 0.107, 0.1719).
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Step 2.
Fu.=10(1 @'F[;af}{l S F)
Fr.=1000F )10 Fy)
Fr=1006FQ6Fg)
By similar procedure explained above, we can able to compute the unknown values of £* E,,;B,F‘S?,f-, F‘m using the

concept of intuitionistic fuzzy equations as
Fye = (0.02,0.03,0.05,0.06; 0.01, 0.03, 0.05,0.07),

F ¢ = (0.02,0.04,0.06,0.08; 0.01, 0.04, 0.06,0.09),
Fie s = (0.04,0.06,0.07, 0.08; 0.03,0.06,0.07,0.09).

Hence, we can able to compute the unknown values of a inner component of fuzzy system failure to start a

system by means of intuitionistic fuzzy equations to get the appropriate value.

VI CONCLUSION

In this paper, Intuitionistic fuzzy equations are defined using the properties of IFNs. The difficulty in solving IFE
arise due the fact that normal arithmetic operations defined on IFN does not lead us to the exact or appropriate
solution. IFSs separate the positive and negative evidence for the membership of an element in a set. Finally, the
result is verified by using the example given by G.s. Mahapatra, T.K. Roy. They computed the Intuitionistic fuzzy
failure to start of an automobile when the failures of the occurrence of basic fault events are known. In this paper,
we have taken the intuitionistic fuzzy failure to start of an automobile as known and evaluated the unknown basic
fault events such as Ignition failure, Battery internal shortage, Spark plug failure and fuel pump failure using
Intuitionistic Fuzzy equations. Our computational procedure is very simple to implement for calculations in
intuitionistic fuzzy environment for all field of engineering and sciences where vagueness occur.
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