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Abstract

In this paper an entropy measure for interval-valued intuitionistic fuzzy values are discussed. Also this paper
presents a ranking for various alternatives using intuitionistic fuzzy weighted entropy. Finally a numerical example is

illustrated to prove the effectiveness of the proposed method.
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Introduction

Multi Criteria Decision Making is concerned
with structuring and solving decision and planning
problems involving multiple criteria. In this paper, the
information provided by the decision makers are
represented as Interval valued Intuitionistic fuzzy
numbers. The weights for evaluating criteria are
calculated by means of entropy method. Entropy is an
important notion to measure the uncertain information.
The entropy was first studied by zadeh. Ye[4] proposed
two entropy measures for IvIFS’s and analyzed their
problem in MADM problems. Xu and Yager[8] found
some aggregation operators such as Intuitionistic Fuzzy
Weighted Geometric operator and Intuitionistic Fuzzy
Weighted operator. This paper is organized as follows:
section 1 deals with the basic concepts of IVIFS’s.
Section 2 explains the proposed method. An numerical
example is illustrated in section 3.

1 Basic Concepts
1.1 Interval-valued intuitionistic fuzzy sets:

Let a set Xbe fixed, an AIFS Ain Xis defined
asA= {(x, uA(x), vA(x)),xe€ X} where pdand vAare
mappings from Xto the closed interval [0,1] such that O
<SuUA(x) <1, 0 KvA(x) <1 and 0 <pA(x)+vA(x) <1, for
all xe X, and they denote the degrees of membership and
non-membership of element x€ Xto set A, respectively.

The intervals pa(X) and va(X) denote,
respectively, the degree of belongingness and the degree
of non-belongingness of the element x to A. Then for
each x € X, pa(x) and va(x) are closed intervals and their
lower and upper end points are denoted by pa (X),
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pau(x), vaL(X) and vAU (x), respectively, and thus we
can replace Eq. with

A= {=<X, [pac(¥), pauv(®)], [vaL(x), vau(X)]>}: X
€ X},
where 0 <pau(X) + vau(X)) < 1 for any x € X.

For convenience, Xu (2007a) called da= <[a, b],
[c, d]>an interval-valued intuitionistic fuzzy number
(IVIFN), where [a, b] € [0, 1], [c,d] € [0, 1] and b +d <
1.

1.2 Score Function

Let 3= <[a, b], [c, d]> be an IVIFN, then the
score function is defined as
S(3)= S{a-c+b-d), ()
where s(3) € [—1, 1]. The larger the value of s(3), the
higher the IVIFN 3.

1.3 Accuracy Function

Let 3= <[a, b], [c, d]> be an IVIFN, then the
accuracy function is defined as
h(@)= S(a+c+b+d), @)
where h(3)e [0, 1]. The larger the value of h(3), the
higher the accuracy degree of the IVIFN a.

1.4 Hesitancy Degree

Let 3= <[a, b], [c, d]> be an IVIFN, then the
hesitancy degree, the mid-point of intuitionistic fuzzy
number is defined as
(@) = [1-a-c,1-b-d] 3)

1.5 Comparison of two interval-valued intuitionistic
fuzzy numbers

Let a;=<[ay, by], [c1, d1]> and @,=<[ay, b], [c,
d,]>be two interval valued intuitionistic fuzzy numbers.
Let S(a@,) and S(d,) denote the Score function of @, and
da, respectively. Let H(d;) and H(&,) denote the accuracy
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functions of @; and @, respectively. Then,
(i) IfS(a,)>S (a,), then @, is greater than d,, denoted
by a@,>a,.
(i) 1f S(a@,)=S(a,), then
» If H (a,) =H (a,), then @, and @, represent the
same information.
> If H (@) >H (a,), then ais greater than a,,
denoted by d@;>d,.

1.6 Aggregation Operator of IVIFN’s

Let d;=<[a, b, [ci, di]> i=1,2,...n be a
collection of interval-valued intuitionistic fuzzy values,
and let IWGA: Q"—Q if,
IWGA(@y, @; ... d,) = ([T @" ITi=1 b1 ],
[1 =TT, (1 = ¢)¥i, 1= 17y (1 — d)™1]) @)

Where w= (W3, Wa,......w,)" be the weight
vector of @; (i=1,2,...n) and w;>0, Xy w; =1, then
ITWGA is called the interval-valued intuitionistic fuzzy
weighted arithmetic aggregation (IIWAA) operator.

1.7 Entropy Measure

Let 3= <[a, b], [c, d]> be an IVIFN. Motivated
by the entropy proposed by [], in the following, an
improved version of the entropy En(&) by incorporating
the hesitancy degreem(a@)=[e,f] is given as follows:

~ 1 la—c|+|b—d]|
Ey(@)=1-="~
n(@) n Zi=1 2+e+f+min Fa+b,c+d}

®)

1. Proposed Method
Denote n alternatives under consideration as S,

Sopennnnn sy, the evaluation criteria as ¢y, Cy,...... cpand the
rating of each alternative s; (j=1,2......... n) with respect
to criteria ¢; (i=1,2,........m) as sj.

For MCDM problem, let D denote the decision
matrix provided by the decision maker, and w= (wq, Wy,
...wn)" be the weight vector , where w0, k=1,2,.....1
and ¢, wy = 1.

Step 1: Construct the decision matrix.

Step2: Calculate the entropy measure of intuitionistic
fuzzy values using equation (5).

Step3: Obtain weight vector for each criteria.

Step4: Aggregate IVIFN’s using equation (4).

Step5: Find Score for each alternative by equation (1).
Step6: Rank all the alternatives. The alternative with
highest score is selected to be the best alternative.

2. Numerical Example

A firm needs to identify a best supplier from a
set of three suppliers namely S;, S,, Ss. Three criteria
must be evaluated. They are Quality (C,), Reliability
(C,), and Price (C3), on time delivery (C,4). The interval
valued intuitionistic decision matrix provided by the
decision maker is given below
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Step 1: Construct decision matrix.

S1 S22 83
¢, / ([04,0.8],[0,0.1]) ([0.3,0.5],[0.2,03]) ([0.7,0.8

1, ,[0.1,0.2
_ G, ([03,0.6],[0.3,04]) ([0.3,0.6],[0.1,0.3]) ([0.4,0.5

1,

1,

,0.3,0.5
,10.2,0.3
,[0.1,0.2

D=l (10205] [0.1,04]) ([0.502],[0.1,04]) ([0.20.7
C4 \([0.4,0.7],[0.1,0.2)  ([0.2,0.3],[0.3,0.4]) ([0.4,0.7

)\
)

Step2: Calculate the entropy measure of intuitionistic
fuzzy values

By using equation (5), entropy of the interval
valued intuitionistic fuzzy values is resulted in the
decision matrix as below

S1 S22 S3

C1 ,0.3929 09063 0.52
EN(D):CZ 0.9355 0.8387 0.9677
C;10.9394 0.8235 0.8709
C, \0.8966 0.9394 0.7241

Step3: Obtain weight vector for each criteria.
The value of weight vector for the evaluated
criteria is obtained as
min E= 1.8192w,;+2.7419w,+2.6338w;+2.5601w,
such that

0.2< w3y < 0.50.1< w, < 0.3, and W1+W2+W3+W4=1.

This problem can be solved using linear
programming manually calculation and the results
obtained are w;=0.3,w,=0.3,w;=0.1,w,=0.3.

Step4: Aggregate IVIFN’s using equation (4).

A= <[0.342,0.673],[0.139,0.261]>
A= <[0.280,0.413],[0.194,0.342]>
A;=<[0.441,0.659],[0.175,0.314]>

Stepb5: Find Score for each alternative by equation (1)

S(A.)= 0.3075
S(A2)=0.0785
S(A3)=0.3055

Step6: Rank all the alternatives

The optimal ranking order of the alternatives is
A>A>A,

Therefore the best alternative is A;.

2. Conclusion

Thus in this paper weighted entropy measure
and intuitionistic fuzzy weighted geometric operator
have been used to rank the alternatives. From the
findings, it shows that the interval valued intuitionistic
fuzzy set is a suitable tool to solve the uncertainty and
fuzziness in the multiple criteria decision making
problem.

29

International Journal of Recent Research and Applied Studies, Volume 3, Issue 12 (6) December 2016



Maragatham et al. 2016

. References
. Atanassov.K, “Intuitionistic fuzzy sets, Fuzzy Sets
and Systems”, Vol. 20, pp.87-96, 1986.

2. Atanassov.K and  Gargov.G, “Interval-valued
intuitionistic fuzzy sets”, Fuzzy Sets and Systems,
\Vol.3, pp.343-349, 1989.

3. Atanassov.K, “Operators over interval-valued
intuitionistic fuzzy sets”, Fuzzy Sets and Systems,
\ol.64, No.2, pp.159-174, 1994.

4. C. P. Wei, P. Wang, Y. Z. Zhang, Entropy, similarity
measure of interval-valued intuitionistic fuzzysets
and their applications, Information Sciences, 181
(2011), 4273 4286.

5. Mei Ling Huiand Lazim Abdullah,” Ranking of
Service Quality using Intuitionistic Fuzzy

Weighted Entropy: A Case of Wehicle Insurance
Companies”, Advances in Applied Economics and
Finance 49\ol. 1, No. 1, March 2012

6. Min SUN, Jing LIU,”New Entropy and Similarity
Measures for Interval-valued

Intuitionistic Fuzzy Sets”,Journal of Information &
Computational Science 9: 18 (2012) 5799 5806.

7. XuZ.S and YagerR.R, “Some geometric
aggregation operators based on intuitionistic fuzzy
sets”, International Journal of General System,
\Vol.35, pp.417-433, 2006.

8. Xu.Z.S, “Intuitionistic fuzzy aggregation operators,
IEEE Transations on Fuzzy Systems”, Vol.15, No.6,
pp.1179-1187, 2007.

9. Xu.Z.S, “Methods for aggregating interval-valued
intuitionistic fuzzy information and their application
to decision making”, Control and decision, Vol.22,
No.2, pp.215-219, 2007.

10.Xu.Z.S and Chen.J, “An approach to group decision
making based on interval-valued intuitionistic
judgment matrices”, System Engineer-Theory &
Practice, Vol.27, No.4, pp.26-133, 2007.

11.J. Ye, Multicriteria fuzzy decision-making method
using entropy weights-based correlation coefficients
of interval-valued intuitionistic fuzzy sets, Applied
Mathematical Modelling, 34 (2010), 3864 3870.

12. Zadeh.L.A, Fuzzy sets, “Information and Control”,

\ol. 8,pp. 338- 356, 1965.

_ W

ISSN: 2349 — 4891

Please cite this article as: M. Maragatham & P.Lakshmi Gayathri. Entropy Measure of Interval-Valued Intuitionistic
Fuzzy Values and It’s Application to Multi Attribute Decision Making. International Journal of Recent Research and

Applied Studies, 2016, 3, 12(6), 28-30.




