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Abstract: Aggregation operations on fuzzy numbers are operations by which several fuzzy numbers are combined to
produce a single fuzzy number. The aim of this paper is to introduce a novel weighted average operator on trapezoidal

intuitionistic fuzzy numbers and study their aggregation properties. Finally, we give an application of the proposed

weighted average operator to multi-criteria decision making problem based on trapezoidal intuitionistic fuzzy sets.
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I. INTRODUCTION

Attanassov proposed the concept of intuitionistic fuzzy
sets (IFSs) and interval valued intuitionistic fuzzy sets
(IVIFSS). Nehi and Melki [7] have introduced the concept
of trapezoidal intuitionistic fuzzy sets (TrIFN) which is the
extension of triangular fuzzy sets. Furthermore, Lakshmana
[5] developed a TrIFN with some additional conditions.

Xu [9] introduced the concept of some geometric
aggregation operators for intuitionistic fuzzy number. He
has also proposed weighted arithmetic average operator and
weighted geometric average operator to aggregate the
performances of alternative with respect to criteria.
Weighted arithmetic average operator and weighted
geometric average operator are two common aggregation
operators in the field of information system. Multi criteria
decision making problem (MCDM) [2, 3, 6] utilizes the
accuracy functions to rank the alternatives. Some authors
have noticed the advantage of TrIFNs in MCDM problem
[8-10].

The approach of this paper is coordinated as follows: The
necessary bhasic definitions are briefly introduced in section
2. In section 3, novel weighted average operator on TrIFNs
is introduced and some properties on TrIFNs are studied. In
section 4, a new method for solving MCDM problem is
presented by using the proposed weighted average operator.
In section 5, conclusion and future scope are given.
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1. PRELIMINARIES

Definition 2.1. [1] An IFS A of a non empty set X is defined

as A, = {(x,yAl(x),vAl(x)) /x € X} where i X -
[0,1] and v4,: X — [0, 1] defines the degree of membership
Ha, (x) and degree of membership v, (x) of x in X to lie in
A, suchthat, 0 < iy, (%) +v,,(x) < 1.

Definition 2.2. [7] Let A = ([ay1, by, Cu1, dya |,

[evlv fvl' 9v1, hvl])v (Where €v1 =< aul'fvl < bul < Cul <
9v1, A1 < hyq) be a TrIEN. Then the degree of acceptance
and degree of rejection functions are defined as

0 ; otherwise

X—fy1
ey Sx <
| evi—fo1 vl fvl
Vaw) = 0 ;fvlsngvl
X x—

o 3 Gvi S X< hyy

hvi—9gv1
1 ; otherwise
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(fig.1)
Definition 2.3. [5] Let A = ([ay1, b1, Cunr Ay,

levi, fur, Gvi, Pval), (Where e, = ¢,y and f,4 =d,y (OF)
g1 < agpand hy; < by;) be a TrIFN. Then the degree of
acceptance and degree of rejection functions are defined as

X —a 1
( e A S X < by
s by Sx =S¢
Hax) =
C— ;G Sx < dul
ul
0 ; otherwise
X~ ey
( ——— e Sx<fin
fvl =x< Ivi
VA(x) X — hvl
; gvl S x S h’Vl
v — hvl
0 ; otherwise

The graphical representation of TrIFN is shown below

/NN

Cul evl ul fvl

(fig.2)

Definition 2.4. [5] Let A = (a1, bu1, €y, A,

levi, for, vis oal), be a  TrIFEN, (where e, =
capandf,y =dy,; (O) gy <a, andh,; <b,) and
throughout this paper we have taken as e, =
cyp and fy; = dyq. The same proof is also applicable for
gv1 < ayq and hyy < by;.

Definition 2.5.[7] Let A = ([a,1, b1, €1, dya |,

levi, fur, Gv1 Bn]), B = ([auz' bz, Cuzs duz],
[ev2) fvz Gvar Mv2]), be a TrIFN. Then

1. A+B=
(([au1 + @y, by + bz, € + Cuzy dyy + dﬂz],>
[evl + €v2, fvl + fv2: gvl + gv2: hvl + hvz])

2. A%xB= <([au1au2'bu1bu2'Culcuz'dulduz]'>_
[evlevz' fvlfvz' gleerhvlhvz])
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3. M=
([Aaull lbulf /1Cﬂ1, Ady.l]: [/161,1, Afvl: /1.91/1: Afvl]) .

Definition 2.6. [4] Aggregations operations on fuzzy sets
are operations by which several fuzzy sets are combined to
produce a single set. In general any aggregation operation is
defined by a function

h:[0,1]™ - [0, 1]

for some, n = 2 when applied to n fuzzy sets A4, 4,,..., 4,
defined on X, h produces an aggregate fuzzy set A by
operating on the membership grades of each x € X in the
aggregated sets. Thus,

,UA(X) = h(.u'Al(x)! ,qu(x)i "'nuAn('x))
In order to qualify as an aggregation function, A must
satisfy at least the following three axiomatic requirements.

(P1. Boundary
h(1,1,...,1) =1.

conditions)  h(0,0,...,0) =0 and

(P2. Monotonicity)  For any pair ay,a,,...,a, and
by, by, ..., b, of n tuples such that a;, b; € [0,1] for all
i € N, then

h(ay, az,...,a,) < h(by, by,..., by).

(P3. Continuous) h is a continuous function.

(P4. Symmetric) h is a symmetric function in all its
argument,

h(al, asz,..., an) - h(bl, bz, e bn).
for any permutation p on N,,.

(P5. Idempotent) h is an idempotent function,
h(a,aq,...,a) = a,foralla € [0,1].

Definition 2.7. [11] Let Q = ([auy, bu1, Cur, dya |,
[ev1, fo1) Gv1, Bur]) be a TrIFNs. Then the score function
on a TrIEN can be defined by

H(Q) = (ay1 + bu1 + ¢ +dpa)/4 = (v + frn + Gua +
h,1)/4, H(Q) € [-1,1].

I1l. ANOVEL WEIGHTED AVERAGE OPERATOR
ON TRIFN

Definition 3.1. Let 4; = ([, b, Cuir Ay,
[evi, fvir Gvi» hwi]) € TTIFNs as in fig. 2. The weighted
average operator H;(A,, A,,...,Ap) =

n n n n
<[Z Wiam- ,Z Wibui ,Z Wicui ) Z Wl'dﬂil,
i=1 i=1 i=1 i=1
n n n n
IZ Wiéyi ,Z Wifvi ,Z WiGvi, z thviD,
i=1 i=1 i=1 1

i=
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where ¥ wic, <Y we, and ¥ wid, <
i Wify - w; are weights of 4;(i = 1,2, ...,n),w; € [0,1]
and Y-, w; = 1.

Theorem 3.2. Let Ai = ([am-, b;u'! Cuis dp.i]'

levi fvir Gvis hvil), (where e,; = c,;and f; = d,;) be a
collection of TrIFNs. Then their aggregated value using the
novel trapezoidal weighted average operator is also a
TrIFNSs.

Proof: W.K.T 4;= ([aui:buincui:dui]: levis fvir Gvio huil),
be a collection of TrIFN, where, e,; > ¢,; and f,; = d;,
wid; = ([Wia,u'. Wb, WiCyi, Wid,ui],
[Wieyi, Wifyi Wigvi, Wihy]),

Where, w;e,; = WiC[ti and Wifvi = Wid[,ti'
Wil = ([EWia;u';Z Wibuiazwicuirzwidui]:
[Ewieyi, XWifvi XWigvi ZWihyi]),

Since, WiC;u' < w;e,; and Widul' < Wifviv

Dim1 WiCy < Xy wiey; and XL widy; < XL, wify
Hence, Yw;A; isa TrIFNs.

A novel weighted average operator has the following
properties.

Theorem 3.3. (P1. Idempotency):

Let A; = ([@ui, Buis Cuir Ay, [evis foio Gvis P,
(i=1,2,..,n) be a collection of TrIFNs. If each A; (i =
1,2,..,n) isequal to A. Then H;(44,4,,...,A,) = A.

(P2. Boundedness):

Let 4; = ([au buir Cuir dui), [evis frio Gvio il
(i=1,2,..,n) be acollection of TrIFNSs.

Let4™ = ([min a,; , min b/u' ,min ¢,; , min dui]'
[max e,;, max f,;, max g,; , max h;]),

At = ([max ay; , max b,; , max Cyi » Max dui]'

ui»
[min e,; , min f,;, min g,; , min h,;]).

Then A~ < H;j(A1,4;,...,Ay) < A*.

(P3. Monotonicity): 4;(i = 1,2, ...,n) and 4}

(i =1,2,...,n) be the collection of TrIFNs.

If A, < Aj(i=12,..,n) then Hj(Ay,A4,...,Ay) <
Hi(A7, A3, ..., 43).

Proof: (P1) Since A; = Afor (i = 1,2, ...,n), we have

Hj(AIIAZ"' .,An) = W1A1 + W2A2+,. ey +WnAn =
Lisawidy = AL w; = A
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(P2)Since A~ < A; < At for (i =1,2,..,n), we have
AW AT S Y wid; <Y wiAt. Hence A <

Y1 wiA; < A*(using (P1)),

= A” < Hj(Ay, Ay,..., A,) < AT

(P3) Since A; < Al for (i = 1,2,..,n) 2 Y, w;A; <
WA} = Hi(Ay, Ay, ..., Ay) < Hi(A3 A5, A7).
Thus we complete the proofs of these properties.

IV. APPLICATION OF THE PROPOSED WEIGHTED
AVERAGE OPERATOR IN  MULTI-CRITERIA
DECISION-MAKING PROBLEM

A fuzzy MCDM problem with weights is given in this
section. Let the set of alternatives be S = {5,5,, ..., 5}
and let the corresponding weights of the criteria
Z1,Z4, 2y DB Wi,wy, ,wy,, Yw; =1, Let the
performance of alternative S; be the TrIFN
Hi(A1, A, ..., Ay) = ([Swiay;, T wibps, Swicu, Ywidy],

[Xwieyi, XW;fi XWigvi, Xwihyi]),  w;are  weights  of
A,Gi=1,2,..,n),w; € [0,1] and Tw; = 1.

The above TrIFN is denoted by
Q; = ([a;ir b;i'CZi'd;i]' leyir foir Guiv h:;i])’ where  the
alternative S; satisfies the criterion Z; with degree

[aji by i diyi] and the alternative S; does not satisfy the
criterion Z; at with degree [ey;, f,i, gvi, hy;] as given by the

decision maker.

We obtain the aggregating TrIFN Q; for S; (i = 1,2, ...,m)
as Qi = ([au, b Cui i, e fio gvir hyi])- Then we can
apply the Score function to Q;. Finally we rank the
alternatives  S;(i = 1,2,...,m) choose the best one
according to H(Q).

4.1 Ilustrative example

Now a numerical illustration of the MCDM methodology is
given.

Example: The four commercial non-linear programming
software packages (alternatives) are evaluated with respect
to the following three criteria Z, is the cost; (2). Z, is the
ease of use; (3). Z5 is the editing facilities. Four possible
alternatives are to be evaluated using the TrIFNs by the
decision maker under the above three criteria as listed in the
below (Table 1) decision matrix.

Assuming the weights of Z,,Z,and Z as 0.40,0.35 and
0.25, we obtain the novel weighted average for TrIFN
S; (i = 1,2,3,4) using definition (2.7) as follows

Q, =[(0.0590,0.1450,0.2150,0.2650),

(0.3150,0.3650,0.4150,0.4650)]
Q, =[0.1050,0.1725,0.2400,0.2900,
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(0.3400,0.3900,0.4600,0.5475)]
Q5 = [(0.1175,0.1675,0.2350,0.2850),

(0.3475,0.4175,0.4675,0.5350)]
Q. = [(0.1250,0.1925,0.2550,0.3050),

(0.3550,0.4425,0.5125,0.5825)].

H(Q;),(i = 1,2,3,4) as follows
H (Q,) = —0.2190,H (Q,) = —0.2325,
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H (Q5) = — 0.2406,H (Q, ) = —0.2537.

Therefore we get, S; > S, > S; > S,. Hence S; is the most
desirable alternative.

Table 1: Decision matrix

S, | [(0.01,0.15,0.25,0.3), (0.35,0.4,0.45,0.5)] | [(0.05,0.1,0.15,0.2), (0.25,0.3,0.35,0.4)] [(0.15,0.2,0.25,0.3),
(0.35,0.4,0.45,0.5)]
S, | [(0.05,0.1,0.15,0.2), (0.25,0.3,0.4,0.5)] | [(0.1,0.2,0.3,0.35), (0.4,0.45,0.5,0.6)] [(0.2,0.25,0.3,0.35),

(0.4,0.45,0.5,0.55)]

S, | [(0.1,0.15,0.2,0.25), (0.3,0.4,0.45,0.5)]

[(0.15,0.2,0.3,0.35), (0.4,0.45,0.5,0.6)]

[(0.1,0.15,0.2,0.25),
(0.35,0.4,0.45,0.5)]

S. | 1(0.1,0.15,0.2,0.25), (0.3,0.4,0.5,0.6)]

[(0.1,0.2,0.25,0.3), (0.35,0.45,0.5,0.55)]

[(0.2,0.25,0.35,0.4),
(0.45,0.5,0.55,0.6)]

V. CONCLUSION AND FUTURE SCOPE

A new class of IFNs was defined in [5], which practically
helps in gathering data rather than the classical IFNs. In this
paper we have introduced an operator to aggregate such
data in the form of TrIFN. The operator defined in this
paper is also applied to a MCDM problem. This novel
weighted average operator will help us to solve practical
problems with data which are conveniently collected from
experts.
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