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Abstract: The notion of Intuitionistic Fuzzy Set (IFS for short) theory by Krassimir Atanassov
strikes a paradigm shift in solving decision making problems, which is one of the crucial prob-
lems in our real life. Ranking of IFS and Interval Valued Intuitionistic Fuzzy Sets (IVIFS for
short) is very often required in decision making. In this paper, we develop an aggregation opera-
tor for aggregating Intuitionistic fuzzy sets as well as interval valued intuitionistic fuzzy sets. It
appears to be more elegant and simple than the existing aggregation operators. We also propose a
score function and an accuracy function to rank the aggregated alternatives. It is illustrated with
an example.
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1 Introduction

Following the introduction of Fuzzy set by Zadeh in 1965, K. Atanassov introduced the notion
of IFS (see [1, 2]) which has been found a better tool to model decision problems. Multicriteria
decision making methods based on IFS theoretical tools were introduced in the decision theory in
2007 by Z. S. Xu, [5]. Xu introduced different types of aggregation operators. This was extended
to IVIFS, [7].
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In this paper, we propose an aggregation operator, score function and an accuracy function
for an intuitionistic fuzzy set.

2 Preliminaries

Definition 2.1, [2]. Let X be a given set. An Intuitionistic fuzzy set A in X is given by

A={(x, pa(x), va(z)) | = € X} where pa,va : X — [0,1], pa(x) is the degree of
membership of the element = in A and v4(z) is the degree of non-membership of z in A, and 0
<pa(x)+va(r) <1.Foreachz € X, ma(x) = 1—pa(r)—va(x) is the degree of hesitation.

Definition 2.2, [2]. Let D [0, 1] be the set of all closed subintervals of the interval [0, 1].
Let X # ¢ be a given set. An interval valued intuitionistic fuzzy set A in X is given by A =
{(z,pa(z),va(z)) : © € X}, where uy : X — D[0,1], v4 : X — D]0, 1] with the condition
0 < sup, pa(z) + sup, va(xz) < 1. The intervals py(z) and v4(x) denote, respectively, the
degree of belongingness and the degree of non-belongingness of the element z to the set A. Thus,
for each x € X, pa(z) and v4(x) are closed intervals whose lower and upper end points are
respectively, denoted by iz, (), pay(x) and var (), vay(z).

A can also be denoted by A = {(x, [puar(x), pav(x)], [var(z), vay(x)]) : * € X}, where
0 < pav(x) +vav(z) <1, par(x) > 0and va(z) > 0.

We will denote the set of all the IVIFS in X by IVIFS(X).

Now we define some aggregation operators which are already in literature.

Definition 2.3, [7]. The arithmetic average operator for alternatives A; (j = 1,2, ..., n) is defined
by F(Ay, A, ..., Ay) = (1 = TI(1 — pa;(z)), [ [(v4;(x))). And the geometric average operator is
defined by G(Al, Ag, ceey An) = (H [,LAj(l‘), 1 - H(]_ — VA]‘(ZE))).

Definition 2.4, [7]. The weighted arithmetic average operator for alternatives A,
(j =1,2,...,n)is defined by F,,(Ay, As, ..., An) = (1 — [T(1 — pa;(2))"5, [[(va;(z))"), where

wj is the weight of A;(j = 1,2,...,n),w; € [0,1] and Z w; = 1. Also the weighted geometric
j=1
average operator is defined by

Gw(A17A27 sy An) = (H(MAj(x))wj, 1-— H(l — ij(x))wj),
where w is the weight of A,;(j =1,2,...,n),w; € [0,1] and ij =1.
j=1

Definition 2.5, [7]. Let A;(j = 1,2, ...,n) € IVIFS(X). The weighted geometric average opera-
tor for IVIFSs is defined by

Gu(Ar, Ag, Az, Ay) = TTAY =

= ([Mpa, 2" (), Tpa,o™ ()], [1 = TI(1 = va,2(2)), 1 = TI(1 — va,p(2))™)),

where w; is the weight of A;(j = 1,2,...,n), w; € [0,1] and ij = 1.
i=1
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By assuming w; = 1/n(j = 1,2,...,n) then G,, is called an geometric average operator for
Ay, A, ..., A, Clearly G, is an IVIFS.

Also, for A;(j = 1,2,...,n) € IVIFS(X).The weighted arithmetic average operator is defined
by

Fy(Ar, As, Ay, Ag) = > wjA;
J

([ =TI = pa, ()™, 1 = T(1 = pa,p (@)™ ], v, . (), Dy a0t (2)]),

where w; is the weight of A; (j = 1,2,...,n), w; € [0, 1] and ij = 1.
i=1

By assuming w; = 1/n(j = 1,2,..n) then F,, is called an arithmetic average operator for
Aq, Ay, LA,

3 New aggregation operators, score function
and accuracy function

Definition 3.1. For IF alternatives A;, ¢ = 1,2, ..., n based on criteria C}, j = 1,2, ..., m if a;; in-
dicates the degree that the alternative A; satisfies the criterion C; and b;; indicates the degree that
the alternative A, does not satisfies the criterion C;. Then the mean based aggregation operator de-

noted by Aim = [Ai, Aiu)s where, Ayl = Y wjai; and
A=Y w;(1 —b;;). w; are the weights for the criteria C;, with Z w; = 1.

j=1
Definition 3.2. For IVIF alternatives A;, ¢ = 1,2,..,n based on criteria Cj,

Jj = 1,2,...,m, if [a;;, b;;] indicates the degree that the alternative A; satisfies the criterion C}
and [c;;, d;;] indicates the degree that the alternative A; does not satisfies the criterion C;. Then,
the mean based aggregation operator denoted by A;,,, = [Ay, Aiu], Where,

A, = wj(a2ij + bij)

and

A =y wi(1— = 5 )

where w; are the weights for the criteria C';, with > w; = 1.

Note 3.3. Azm = [Aih Am] - [O, 1]

Definition 3.4. For an alternative A;, whose mean based aggregated value given by
Aim = [Au, As], score for A; is S(A;) = W'

Definition 3.5. For alternatives A;, A;, with score given by S(A4;) = %, if score of A; =
Score of A;, then we can compare them by comparing their A;;. In other words, if score function
of two alternatives are equal, then their accuracy function can be given by A.(A;) = A;; the lower

limit of the aggregated value.
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Theorem 3.6. For two comparable alternatives A; and A, based on criteria C'; and C such that
A; D Ay, then their scores S(A;) > S(As).

Proof: Let the IVIF alternatives A; and A, be such that a;; > asy, a2 > aso, by > boy, b >
bas, c11 < C21, C12 < C99, and dll < d21, dig < d22. Then the score of Al 18

s(ay) = A v; A _ ij(a; +biy) S (1 - (%‘llﬂ')) "
wl(au + bu) wg(alg + b12) c11 + dll)) + w2<1 . (T))

— 1 —
5 + 5 +w1( ( 5

And the score of A is

A Asy, (ag; + by 4 dys
S(4) = 212 2u Z“’J(ag Thy) > w1 - (—CQJ; ) o
b b d d
_ wl(a212+ 21) n wz(a222+ 92) +n (1 — (621‘12‘ 21)) (1 — <022‘12‘ 22))
From (1) and (2), S(A;) — S(A») is positive. O

Theorem 3.7 For two comparable alternatives A; and A, based on criteria C'; and C5 such that
Ay D As, then accuracy value of A is greater than that of A,.

Proof: Let the alternatives A; and Ay be such that ayy > ao1,a15 > age, by > bog,
bia > by, c11 < €21, C12 < C2, and dyy < dyy, dig < das.
We denote the accuracy of A; by A.(A;) and that of Ay by A.(A,).
Then
AC(AI) - Ac(A2) =
(w1(a112+ bi1) n w2(a122+ blz)) B (wl(a212+ ba1) n wg(a222+ b22)>

is a positive number. Which shows A is better than A,.

3.1 Illustration 1

For two IF alternatives A; and A, based on two weighted criteria C(weight w; = 0.4) and C5
(weight wy = 0.6) as follows

) Cy
A, (0.4,05) (0.55,0.25)
A, (03,06)  (0.5,0.4)

Based on our aggregation operator we can find the lower limit for the aggregated interval for A;
as Ay = 0.4 x 0.4+ 0.6 x 0.55 = 0.49. The upper limit for the aggregated interval for A,
ie., Aj, = 0.4 x 0.54 0.6 x 0.75 = 0.65. Therefore, aggregated interval corresponding to A,
is [0.49,0.65]. Similarly for Ay, Ay = 0.42 and Ay, = 0.52. Therefore, aggregated interval
corresponding to As is [0.42,0.52]. The score for A; is w = 0.57 and score for A, is 0.47.
In this method, the alternative A, is better than A,.
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3.2 Illustration 2

For two IVIF alternatives A; and A, based on two weighted criteria C(weight w; = 0.4) and C5
(weight wy = 0.6) as follows

Cl C'2
Ay [0.4,0.5],[0.2,0.3]  [0.6,0.7],[0.1,0.2]
Ay [0.3,0.4],0.5,0.55]  [0.4,0.5],[0.3,0.5]

The lower limit for the aggregated interval for A; as A;; = 0.4 x 0.45 4 0.6 x 0.65 = 0.57. The
upper limit for the aggregated interval for A; as Ay, = 0.4 x 0.7540.6 x 0.85 = 0.81. Therefore,
aggregated interval corresponding to A; is [0.57,0.81]. Similarly for A,, the aggregated interval
is [0.41,0.55]. The score for A; is %2728 = 0.69 and score for Aj is 0.48. In this method, the
alternative A; is better than A,. In both the above cases, no need to find the accuracy values of
the alternatives. If necessary, use Definition 3.5.

4 Conclusion

Decision making is one of the crucial problems in real life. Usually we have to deal with multicri-
teria decision making problems. In this paper, we propose an aggregation operator to aggregate
the criteria for intuitionistic fuzzy alternatives as well as for interval valued intuitionistic fuzzy
alternatives. We also propose score function and accuracy function to rank the alternatives.
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