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CHAPTER VI
INTERVAL-VALUED FUZZY TOPSIS METHOD

In this chapter the concept of the TOPSIS method has been extended for

‘interval-valued fuzzy data.

Interval-Valued Fuzzy Sets (IVFSs) and Intuitionistic Fuzzy Sets (IFSs) are
equipollent generalizations of the concept of ordinary fuzzy sets. Therefore it can

be easily seen that definitions 1.7 and 1.9 of chapter 1 are equivalent.

That is,
M, (x) =[Mj, (). M}, (x)]
=[pa, X)I-v, (%)]

=[1a, (0,1, () + 75, (X)]

Interval [M (x),M};i (x)] shows all possible degrees of membership and

the decision maker is hesitated to the extent 7, (x).

A canonical Multi-Criteria Decision Making problem is concisely expressed
in a decision matrix, whose element x;’s indicates the evaluation or value of the is
alternative, A;, with respect to the jth criteria, Xj. In the method, the canonical matrix

format is extended to interval-valued fuzzy decision matrix D.

Consideri=1, 2,..., m;j=1, 2,..., n; and [M/_xi (x),MZi (x)] (or equivalently,
(Ka, (X;),Va, (X)), (x;)) by IFS notation) representing the performance measure

of the i alternative in terms of the j"™ attribute. The interval-valued fuzzy decision

matrix D is

66



(M (0).M5, (0] [Ma GOM5 (0] - My (),M} ()]
M7, (x).M3, ()] Mz, M5 (] - [Mj (x),M} (x)]

(M, GOM (0] M, (),M ()] -+ [M (x).M} (%)]]

(A, (X1 VA, (X)) Ty, (X)) (Ha, (X2), V4 (X2), T4 (X5)) - (A, (Xp)va, (Xp)ma, (X4))
(A, (X1)Va, (X)), 74, (X)) (Ha, (X2),Va, (X2), Ty, (X2)) - (Ma, (Xp),va, (X3)Tp, (X))

(B, X1 va, X1)ma (X1) (A, (x2),va, (X2),Ta (X)) -+ (A, (Xp)sVa, (Xp)sma, (Xy))

Since all attributes cannot be assumed to be of equal importance, a set of
grades of importance, denoted as W, from the decision maker. The Interval-Valued
Fuzzy Set is expressed as the subjective importance of decision criteria during the
decision maker’s evaluation process. An Interval-Valued Fuzzy Set W in X is an

object having the form

W= {xpy()x e X}
= {x. 1y (0 vy (D)x € X]

where My : X — Int([0, 1]), such that x — My(x) = [My, (x),M, (x)]. In addition,
uw(x) : X — [0, 1] and vy(x) : X — [0, 1] define the degree of importance and the

degree of unimportance for an attribute.

For each x € X, the uncertainty index toward the importance of an attribute

18 Ty(X) = 1-pw(X) - Vi(X).

According to the definition given by Atanassov [6], for two IVFSs A; and W,
AW = {<x,MAi'w (x)>|x = X}

= {<Xia, (0 By (), VA, () + vy ()= V4, (0 vy, (0> [x € X}
And

TAjw (x)=1 —Ha; (X) i uw(x) —Va; (x) ~Vw (X) + \Y (X) “Vw (X)
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The interval-valued fuzzy weighted decision matrix D’is then equal to

[ [Mj,., (), M}, (x))] M, (%) M7 (X,)]
D'=

. _[M_Am~w (Xl )9 M;m-w (XI )] [M;\m‘w (Xn )9 I\/I+Am-w (Xn )]

—(“A1~W(X|)’VA|-W(XI)’T[AI-W(X])) (o (e D Vi o (K o (%))

_(F'-Am-w(Xl):VAm-w(Xl)anAmw(Xl)) (uAmlw(Xn)3vAm-w(xn)>7tAm.w(Xn))

Let J; be a collection of benefit attributes (i.e., the larger x; , the greater

preference) and J, be a collection of cost attributes (i.e., the smaller x; , the greater
preference). The interval-valued positive-ideal solution, denoted as A", and the

interval-valued negative-ideal solution, denoted as A ™, are defined as
& = {0 i€ ). minieg o (xpli92) )
((miin HA.w (xj)|j el)), (miax Ha.w(X; )|j el, ))>Ii = 12,000 m}
- {<x1,uA+,w (Y o G (Kb (520 4, ()
el sl K )|
A= minig o el 3. maxig  (xpli32))
((miax - (xj.)|j el,), (miin Baw(X; )ie Jz))>|i = 1,2,...,m}
= {<X1 M- (XD, (X )>a<x2’HA-.w (X2),V 40 (X2)>

S RC)
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The separation measures, Si+ and Sr , of each alternative from the interval-

valued positive-ideal and negative-ideal solutions, respectively, are derived from:
(A) Seperation measures based on the Euclidean distance:

The definition according to Grzegorzewski [24]

N | —

- [ "lmax{(”Ai-W(xi)— oy (Xj))za(vAi'w (X))=V ey (xj))z}}

j:

|-

72!
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1 [i}max{(mi.w(xj)—uA-.W(xJ-))Z,(vAi.w(xj)—vA-‘W<xJ-)>2}}

(B)  Seperation measures based on the normalized Euclidean distance:

The definition according to Grzegorzewski [24]

N[ —

1

S, = [%Zn‘imax{(uAi_W b 3% S LT (Xj))z,(VAi-w (X =V (xj))z }}
=

N | —

S_ = {l imax{(pAi,w (%)= B - (X )’ s(Vaew (X5) = Varw (X )’ }]

! n j=1

And the separation between alternatives can also be calculated by using

equations (1) to (6) and (13) to (16) in chapter V.

The relative closeness of an alternative A; with respect to the interval-valued

vpositive-ideal solution A is defined as

C.=—" where 0<C, <1 and i=1,2,....m.
' Sr +S .
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Then, the preference order of alternatives can be ranked according to the

descending order of Ci+ ’s.

ALGORITHM:
Step 1: Construct the interval-valued fuzzy decision matrix D.
-Step 2: Construct the interval-valued fuzzy weighted decision matrix D’.

Step 3: Determine the interval-valued positive-ideal and interval-valued negative-

ideal solutions
Step 4: Calculate the separation measures.
Step 5: Calculate the relative closeness to the interval-valued ideal solution.

Step 6: Rank the preference orders.
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