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Abstract

Multiple attribute decision making problems with uncertain
weights in intuitionistic fuzzy setting are investigated. Some
concepts related to the theory of intuitionistic fuzzy set (IFS),
including intuitionistic fuzzy weighted averaging (IFWA)
operator, score function, and accuracy function, are reviewed.
Based on the technology for order preference by similarity to
idea solution (TOPSIS) method and the score matrix converted
from decision matrix given in the form of intuitionistic fuzzy
number (IFN), some quadratic programming models, by which
the attribute weights can be derived, are established. Then, the
alternatives are ranked, and the most desirable one is selected
according to the score and accuracy degree of the collective IFN
aggregated by IFWA operator. Finaly, an example about
evaluation of teaching quality is discussed to verify the
effectiveness of the proposed approach.
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1. Introduction

As a generalization of fuzzy set proposed by Zadeh,
Atanassov [1, 2] introduced intuitionistic fuzzy set (IFS),
which models the various uncertainty or vagueness by
membership function and nonmembership function. As a
more suitable way to deal with vagueness than classical
fuzzy set, IFS plays an important role in solving the
complicated multiple attribute decision making (MADM)
problems, especially in the circumstances where the
assessment information given by decision makers is
imprecise or uncertain due to time pressure, lack of data,
or the decision maker’s limited attention and information
processing capabilities [3]. Recently, some researchers
addressed the intuitionistic fuzzy MADM problems in the
situations where attribute weights are completely known,
developed intuitionistic fuzzy aggregation operators [4-9]
and proposed score function and accuracy function to
solve the intuitionistic fuzzy MADM [10]. The other
researchers showed great interest in intuitionistic fuzzy
MADM problems with uncertain attribute weights and
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established some optimization models to derive the vector
of attribute weights [11-15].

In this paper, based on the score matrix converted from
decision matrix given in the form of IFN by the decision
makers, based on the technology for order preference by
similarity to idea solution (TOPSIS) method, we establish
some quadratic programming models, by which the
optimal attribute weights can be derived from the given
incomplete information about attribute weights. Then, the
procedures for ranking the alternatives in intuitionistic
setting are devel oped.

The remainder of this paper is organized as follows. In
section 2, we briefly review some concepts about IFS. In
section 3, the MADM problems with attribute assessment
given in the form of IFN and attribute weights
incompletely known are discussed. Based on TOPSIS and
score matrix, some programming models for determining
the optimal attribute weights are established. Then, we
rank the alternatives and select the most desirable one
according to score function and accuracy function of the
overall IFN. In section 4, an illustrative example is
presented to verify the proposed method. In section 5, we
conclude the paper.

2. Preliminaries

Atanassov [1, 2] introduced the concept of IFS, which is
defined as follows:

Definition 1 Let X beafiniteset. AnIFSin X isan object
having the form:

A:{<x,rry\(x),nA(x)>|xT X}, (1)
where 1,(X): X ® [0]] and v,(X) ® [0]] are the

degree of membership and the degree of nhonmembership
of the element X to the set X, respectively, such that

0F u(X)+v,(x) £1," xT X.
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For convenience, wecall & = (1M, ,n, ) an intuitionistic
fuzzy number (IFN), whereu, 1 [0,1], v, T [0,1], and
O£ u, (X)+v,(x)£1.

Definition 2 [4] Let &, =(m,n;) (i =12,...,n) be a

collection of the IFNs. The intuitionistic fuzzy weighted
averaging (IFWA) operator is a mapping, which is
defined as follows:

IFWA,(@,.a,L.a,)= é wa,;
iz

=@- O a-u)*.Ov): @

pm}

o

where w 1 [O, 1] and g W, =1 is the weight of IFN
i=1

a. (i=12,Ln).

Definition 3[10] Let & = (M, ,n, ) be an IFN, then we
cdl S@)=m -n, and H@)=m, +n, a score

function of @ and an accuracy degree function of a ,
respectively.

Let S(@) and S(b) bethe scoresof IFN @ and b .
Let H(@) and H(b) be the accuracy degree of & and
b . We can compare two IFNs according to the following
principles:

1If S@)<S(b),then a issmaller than b, denoted
bya <b;

2)If S@)=9S(b) and H(@@) <H(b),thena <b;
3)1f S@)=S(b) and H@) =H(b),thena =b.

3. MADM Praoblemswith Uncertain Attribute
Weightsin Intuitionistic Fuzzy Setting

Le A={a,a, L ,a,} be afinite set of alternatives,

C ={c,c,,L,c,} be a finite set of attributes, and

W ={w,,w,,L,w,,} be a finite set of attribute

weights. Let R=(r;),, be a decison matrix with

attribute assessment values given in the form of IFN,
where IFN 1, = (m);,n;;) denotes the degree to which

the alternative @ satisfies and does not satisfy the
attribute C; .
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Obvioudly, if the information about attribute weights
given by the decision makers is crisp real value, we can
weight each attribute value and aggregate all the weighted
attribute values corresponding to each alternative into the
collective attribute values by formula (2). According to
the score and accuracy degree of the collective values, we
can rank the alternatives and choose the most desirable
one. In the real world, however, it is very often that the
information about attribute weights is incompletely
known because of the inherent complexities of the
MADM problems, time pressure or lack of knowledge.
Let W be the st of the known information about
attribute weights, which can be constructed by the
following forms [16]:

1) A wesk ranking: W, 3 W, ;

2) A grictranking: W, - w; 3 d;, d; >0;

3) A ranking of differencess W, - W, 3 W, - W , for
L

4) A ranking with multiples: W, 3 kw;, O£k £1;

5) Aninterval foom: 0£d;, £w, £d, +e, £1.

In the MADM problems with incomplete attribute weights,
before choosing the most desirable one among the
candidate alternatives, we must determine the weight of
each attribute. In the following, let us construct some
optimization models based on TOPSIS method to derive
the optimal attribute weights from uncertain information
about attribute weights.

Step 1 Transform the intuitionisitc fuzzy decision matrix
into the score matrix.

Base on the score function of IFN given in definition 3,
we can transform the IFN decision matrix into the score

matrix S=(S;)y . Where § =m -n; .

Step 2 Decide the positive idea solution and the negative
idea solution.

Based on the score matrix, the positive idea solution S*

and the negative idea solution S can be written as
follows:

S =(5.8.L.S), ©
S =(s,8,L.s) @
where s = max(s;) and S; =miin(3j).
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Step 3 Calculate the distance between each alternative
and the positive/negative idea solution.

The distance between alternative @ and the positive idea
solution S™ can be calculated as follows:

d = J alwls,-s T ©

=

The distance between alternative @& and the negative idea
solution S™ can be calculated as follows:

d =J afwls,-s T ®

Step 4 Decide attribute weights from the given
information about attribute weights.

According to the traditional TOPSIS method, the shorter
the distance between each alternative and the positive
ideal solution is, the better the alternative is; the longer
the distance between each alternative and the negative
ideal solution is, the better the alternative is. Therefore,
for each alternative, we can construct the multi-objective

programming models (7) and (8) to maximize di+ and

minimize d. (i =1,2,...m).

——

Imind"(w) :\/én_l[wj (sj - sf)]z,i =lZ,...m' @
=

st. w= (W, W,,...w, )T W

—_——

I max d; (w) :\/é’nl [Wj (slj - S )]Z,i :J,2,...m_ )
j=1

bosto w=(w, Wy, W) T W

2 ——— —

The models (7) and (8) can be reduced to the models (9)
and (10).

i min D;" (w) = é’l [Wj (sj - sj)]z,i :LZ,...m’ ©
boostow=(w,w,,..,w )T W

:[max D/ (w) = él [WJ- (sj - )]2,i 212,...m_ (10)

boostow=(w,w,,..,w)T W
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Because we have none of the preference for any
alternative, the models (9) and (10) can be transformed
into the two single objective programming models as
follows:

:l minD* W) =3 8 wils, - s;f (11)
1 i=1 j=1 ~ '

st w=(w,w,,..,w,) I W

! max D'(w)=<';°nl1 e°riw.2(s. - 57)2

i J J J . (_']_2)

1 i=1 j=1 ~
st w=(w,w,,...,w,) I W

Combining model (11) and (12), we can get the model
(13), which is a quadratic programming model.

%min D(W) =8 8 W, - s}
! i=1 j=1

b (- 5)7
bostow=(w, W, w)T W

(13)

Solving the quadratic programming model (13), we can
get the vector of the attribute weights.

Step 5 Aggregate the attribute assessment values of each
alternative into collective attribute value. Then calculate
the score of collective attribute value corresponding to
each alternative and order the alternatives.

4. Evaluation of Teaching Quality by the
Proposed Approach

Suppose that we want to solve an evaluation of teaching
quality problems in which the alternatives are four young

teachers to be evaluated (& ~ @,) according to their

teaching performances by the expert committee. The
evaluation system includes the four indexes: teaching

altitude ( C,), teaching content ( C, ), teaching method (C;)

and teaching result ( C, ). The assessment information

provided in the form of IFN in the following denotes the
membership degree and nonmenbership degree to which
the alternatives corresponding to each attribute belong to
the fuzzy concept “excellence”.
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aé080010) (0.750.20) (0.80,0.05) (0.850.10)%

9(065025) (0.85,0.05) (0.80,0.05) (075020)__

€(0.750.20) (0.750.15) (0.850.10) (0.70,0.25)
(0.80,0.15) (0.70,0.20) (0.750.10) (0.75,0.15)5

Step 1 Get the score decision matrix according to score
function.

According to definition 3, we can transform the decision
matrix with intuitionistic fuzzy information into the score
matrix shown as follows:

20.70 055 0.75 0.75p
€040 080 075 055:
€0.55 0.60 0.75 0.45-
0.65 050 0.65 0.605

Step 2 Get the positive idea solution and the negative idea
solution.

The positive idea solution S* and the negative idea
solution S can be calculated as follows:

S" =(0.70,0.80,0.75,0.75),

S =(0.40,0.50,0.65,0.45) .

Step 3 Construct the optimization model to decide the
vector of attribute weights.

Suppose that the known information about attribute
weightsis given in the form of the following:

W={ 02E£w, £0.3 0.15£w, £0.3,

w, - w2 0.05w, - w3 0.1,w, 3 0.5w,.

4
é w, =1, W 30, 021,2,3,4) }

j=1
According to model (13), we can construct the quadratic
programming mode! (14)

imin D(w)=- 006W2 +0. 09W2

- 0.02w2 +0.03w
st. 0.2£w, £0.3,0.15£ w, £0.3,

T
T
T
L woeo5w,w-we005 . (19
: w, - W, 3 0.1,
4
L Aw =1w 5 0,(j=1234)
i

=1
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Solving model (14), we can get the vector of attribute
weights W = (0.200, 0.250, 0.225, 0.325).

Step 4 Calculate the collective values of each alternative
and rank the alternatives according to their scores.

The collective values of the alternatives in the form of
IFN are a,: (0.8074, 0.1017), &, : (0.7762, 0.1083), a,:

(0.7635, 0.1712), &, : (0.7498, 0.1471).

The scores of collective attribute value of each alternative
are

s, =0.7057,s, =0.6679, s, = 0.5923, s, = 0.6027 .

Sinces, >s, >s, >s,, hence,a Ta, Fa, fa, and
the most desirable alternativesisa, .

5. Conclusions

In this paper, we investigate the MADM problems with
attribute values given in the form of IFN and uncertain
attribute weights. In order to derive attribute weights,
some quadric programming models based on TOPSIS
method are constructed. We aggregate the IFNs by IFWA
operator into the collective values, based on which, the
alternatives are ranked, and the most desirable one is
chosen. The proposed models can be extended to solve the
MADM problems with interval-valued intuitionistic fuzzy
information and uncertain attribute weights.
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