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ABSTRACT
——»

In this paper, we propose Multi Criteria Decision Making (MCDM) problem is one of the famous different kind of decision making
problem. In more cases in rea situations, determining the exact values for MCDM problems is difficult or impossible. So, the value of
alternatives with respect to the criteriaor / and the val ues of weights, are considered as fuzzy values (fuzzy numbers). In such conditions,
the conventional crisp approaches for solving MCDM problems tend to be less effective for dealing with the imprecise or vagueness
nature of the linguistic assessment. In this situation, the fuzzy MCDM method are applied for solving MCDM problems. Here, fuzzy
TOPSIS (Technique for order preference by similarity to ideal solution) method based on afuzzy distance measure is used in which the
distance from the Fuzzy Positive Idea Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) are calculated. The resulted distances
were used to calculate the similarity to ideal solution. Later an optima membership degree (Closeness co-efficient) of each aternativeis
computed to estimate to which extent an alternative belongsto both FPIS and FNIS. The closer the degree of membership of FPIS and the
farther from FNIS the more preferred the alternative. The membership degree is obtained by the optimization of a defined objective
function that measures the degree of which an aternative is similar / dissimilar to the ideal solutions. A numerical example is also
demonstrate the procedure of the proposed fuzzy TOPSIS method in the decision making processes.
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TOPSIS (Technique for order preference by similarity
to ideal solution) method is a popular approach to
Multi-Criteria Decision Making problem that was
proposed by (Chang, 1992). According to thistechnique, the
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best alternative would be the onethat is nearest to the Positive
Ideal Solution (PIS) and the farthest from the Negative | deal
Solution (NIS) for solving a MCDM problem. In short, the
positiveideal solutioniscomposed of all best values attainable
of criteria; whereas the negative ideal solution is made up of
all worst values attainable of criteria. In this method two
artificia alternativesare hypothesized (Chen, 2002 and Jadhav
and Bgjaj, 2013).

Positive ideal solution : The one which has the best
level for all attributes considered.

Negative ideal solution : The one which has the worst
attribute values.

TOPSIS selects the alternative that is the closest to the
ideal solution and farthest from negative ideal alternative.

Thismethod hasbeen widely used intheliterature. Some
papersintheliterature applied the TOPSI Smethod for solving
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real application problems. For example: (Chen, 2002 and Chu,
2002). Multi-CriteriaDecision Making (MCDM) isthe process
to define theranking of all possible alternatives respective to
thegoal and criteria. Inreal-life applicationsof MCDM method,
data are usually imprecise, uncertain and/or vague. In such
applications, decision makers usually give preferences in
linguistic variables and linguistic variables will be then
converted to Fuzzy number for further evaluation. The fuzzy
set theory is an efficient way to model uncertainty and
imprecision in terms of linguistic variable. From concepts of
MCDM method of Analytical Hierarchy Process (AHP),
(Hwang and Yoon, 1981), and others have devel oped the Fuzzy
AHP to handle the fuzziness in decision making (Lai et al.,
1994 and Liuand Liu, 2010).

Theaim of thispaper isto propose anew MCDM method
(Fuzzy-TOPSIS) to deal with linguistic preferencesin aFuzzy
environment. The decision making problem is presented in
hierarchical structure similar to those in the AHP method.
Calculating priority vector of criteriawhichispresented asan
optimization problem can be solved by using FTOPSI Sto find
the priority vector, which maximizes the Triangular
Membership Function (TMFs). Theranking of alternativesis
then defined by the TOPSIS method in terms of calculating
the Fuzzy distance among ideal alternative and other
alternatives. Proposed TOPSIS method utilizes the
advantages of Fuzzy set theory, and TOPSIS, allows the
decision making processes to become realistic and effective.

Linguisticvariableand fuzzy number :
Linguistic variable :

A linguistic variable is a “variable whose values are not
numbers but words or sentences in a natural or artificial
language” (Mikhailov and Tsvetinov, 2004). Using linguistic
values (words or sentences) expresses less specific than
numerical ones, but it isclosely related to the way that humans
express and use their knowledge. In order to deal with the
uncertainty and vagueness in the linguistic evaluation, many
researchershaveapplied Fuzzy Set Theory to convert linguistic
variable to fuzzy number (Jadhav and Bajaj, 2010) proposed
“Triangular Fuzzy Expression of Linguistic Variable” as follows:

Suppose S is a set of ordered natural linguistic |abel

which is consisted of odd elementsk. Let

S =8 Sy Sy

and the Triangular Fuzzy Expression of Linguistic
Variableis:

S = (S 5™ 89,

then :

Fig. 1.  Triangular Fuzzy Number S = (S!, s™, s")
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By applying equation (1), linguistic variableis converted
to triangular fuzzy numbers (TFNS) for corresponding fuzzy
label. Table 1 shows converting seven-linguistic expression
to triangular fuzzy numberswhile Fig. 2 shows seven-linguistic
variables with triangular fuzzy membership function.
Meanwhile Table 2 shows the conversion of nine-linguistic
expressions to triangular fuzzy numbers (TFNs) and Fig. 3

Table1: Converting seven-linguistic expressionsto triangular fuzzy numbers

Fuzzy label Fuzzy linguistic expression TFNs

S Very poor (0,0,0.167)

S Poor (0,0.167,0.333)
S Moderately poor (0.67,0.333,0.5)
S Fair (0.333,0.5,0.667)
S Moderately good (0.5,0.667,0.833)
S Good (0.667,0.833, 1)
S Very good (0.833,1,1)
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shows nine-linguistic variables with triangular fuzzy
membership function (Jadhav and Bajgj, 2010).

very moderately moderately very
good poor  poor fair good good good
/N - - - - - -
1
0 0.167 0.333 0.5 0.667 0.833 1

Fig. 22 Seven-Linguistic variables with Triangular Fuzzy

Membership Function

abso- moder- moder- abso-
lute very ately  ately very lute
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Fig. 3: Nine-Linguistic variables with Triangular Fuzzy

Membership Function

Operation of triangular fuzzy number :

Leta=(d, a", a') and b = (b', b™, b") be two Triangular
Fuzzy Numbers (TFNs) and is a positive rea number, two
important operations are used in this paper as follows :

a=(@,ama') b= bM bY)=@ +b',am,b™, %, bY)
as(@,am, a%) = (ad' ,aa™,aa")

Normalization of Triangular Fuzzy Number (NTFN) :
Let matrix

A =[ajjl kxn,

which,

a; =(alj,al".a) is the Triangular Fuzzy Number that
being normalized, and result in matrix

B:[bij]kxn
which,
bij = (bl; . b]", bl})
asfollows:
: K
ol =al s by f
i i=1

k
¥blJ = aj / Zl (aij )2 ........ (2)
i i =
|

k
(bl =i/ (ah‘)2
1 i=1

Fuzzy topsis: an overview :

The TOPSIS approach isaMCDM method, devel oped
by (Chang, 1992; Chen, 2002 and Jadhav and Bajgj, 2013); and
many other researchers have been workinginthisfield. Using
the TOPSIS method, the best alternative must have the
shortest distance to the Positive Ideal Solution (PIS) and the
longest distance to the Negative Ideal Solution (NIS) (Chang,
1992; Chen, 2002).

Suppose that a decision making problem have k
evauation alternativesA = (a, a,,...., 8,), nevaluation criteria
C=(c,c,....,C), priority vector of criteriaw = (W , W,,...., W),
and the evaluation matrix :

X=[x;j1, . asfollows:

kxn

Table2: Converting nine-linguistic expressionsto triangular fuzzy numbers

Fuzzy label Fuzzy linguistic expression TFNs

S Absolute poor (0,0,0.125)

S Very poor (0, 0, 0.125, 0.25)
S Poor (0.125, 0.25, 0.375)
S Moderately poor (0.25, 0.375, 0.5)
S, Fair (0.375,0.5,0.625)
S Moderately good (0.5,0.625,0.75)
S Good (0.625,0.75,0.875)
S Very good (0.75,0.875,1)

S Absolute good (0.875,1,1)
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Fuzzy Ideal Solution (FIS) :

The ‘Fuzzy Positive Ideal Solution” (FPIS) which has
‘the best evaluation value’ respective to each criterion is
determined asfollows (Jadhav and Bajgj, 2010) :

©)

The ‘Fuzzy Negative Ideal Solution’ (FNIS) which has
‘the worst evaluation value’ respective to each criterion is
determined asfollows (Jadhav and Bajgj, 2010) :

)

Distance to fuzzy ideal solution :

Leta=(a,am a")and b = (b, bm, b¥) be two triangular fuzzy
numbers. The distance between aand b can be calculated by
using the vertex method (Jadhav and Bodakhe, 2013).

d(a,b) ‘/%[(al _b|)2]+[(am _bm)2]+[(au _bu)z] 5

Then, the distance between each alternativeto FPIS and
FNIS can be, respectively derived from:

n
di =ad(xij.x) i=1,2,...k
j
©

n
dl_ = Zd(Xij,Xj_) i=1,2,...,k
j

Closeness co-€fficient :
Closeness co-efficient R of each alternative is used to

determine the ranking of all alternatives. The higher value of
closeness co-€fficient indicatesthat corresponding alternative
iscloser to FPISand farther from FNIS simultaneously (Chang,
1992).

dJ _
R = T 1=1,2,...k
dj_+dj

7

Basic stepsof fuzzy topsismethod :

Chen, Chu, Saghafian et al. (Jadhav and Bodakhe, 2013;
Saghafian and Hejazi, 2005) and other researchers have
expanded the traditional TOPSIS method into the Fuzzy
TOPSISmethod in order to handle fuzzinessin decision making
problem. This paper proposes a modified Fuzzy TOPSIS
method to deal with triangular fuzzy number (TFN) with
modification of linguistic variable, TFN normalization and
distance to ideal solution. Basic step of this Fuzzy TOPSIS
method can be described follows:

—  Obtain fuzzy evaluation matrix X=[x;l, for k
alternatives over n criteria. Preference data is
expressed first in linguistic variable, and then
converted to TFN.

—  Normalize fuzzy evaluation matrix X by equation
2.

—  Multiply the priority vector of the criteriawith the
normalized evaluation fuzzy matrix resulting in
matrix Y =lyjl,,, withy,*w..

—  ldentify the Fuzzy Positive Ideal Solution (FPIS)
A+ and Fuzzy Negative Ideal Solution (FNIS) A-of
matrix Y referring to equations (3) and (4).

- Calculate fuzzy distance d.*and d-over each
aternativeto FPISand FNIS, respectively referring
to equations (5) and (6).

- Determine the closeness co-efficient R referring
to equation (7) for each alternative.

—  Rank order of aternatives by maximizing closeness
co-efficient R.

Ranking alter natives:

After the priority vector of criteriais determined by the
Fuzzy TOPSIS method is used to rank the alternatives.
Linguistic variables are applied to obtain the important
preference of each alternative respective to each criterion. As
a result, the evaluation matrix is formed. This step was

Table 3: Linguistic preferences of alter natives respective to each criterion

Cy C; Cs Cs
Aq Good Moderately poor Fair Good
Az Poor Very good Good Fair
As Very good Moderately good Poor M oderately poor
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illustrated by applying the procedure presented in section 3.

Numerical example:

Suppose that someone wants to find alocation to open
arestaurant and there are three potential restaurant’s locations.
In order to select an appropriate location, therearefour criteria
to consider: population base, parking area, accessibility and
vishility. Thehierarchical structure of decision making problem
isformed asshown inFig. 4.

l Restaurant's L ocation Selection ‘
Population Base- C; | ] Parking Area- C, | | Accessbility-cs | | Visibility -c
Location 1 - A; Location 2 - A, Location 3 - Az

Fig. 40 Hierarchical structure of restaurant's location

decision making

Applying fuzzy TOPSI S method in section 3, ranking of
alternatives will be determined. Decision maker uses nine-
lingui stic expressionsto expressthe preference of alternatives
respective to each criterion as shown in Table 3.

Referring to Table 2, linguistic preferencesare converted
to fuzzy number as shown in Table 4:

Applying equation (2), the normalized fuzzy decision
matrix isformed asshownin Table 5:

Multiply priority vector of criteriawith normalized Fuzzy
matrix whichisshownin Table6:

Using equations (3) and (4), i.e. Fuzzy Positive |deal
Solution (FPIS) and Fuzzy Negative Ideal Solution (FPIS) are

calculated, respectively asfollows :

FPIS A* = [(0.12,0.164,0.224),
(0.154,0.225,0.333), (0.169,0.247,0.365)]
FPIS A-= [(0.02,0.047,0.084), (0.033, 0.058, 0.177), (0.031,0.075,

0.143),(0.068,0.123,0.208)]

Referring to equations (5) and (6), the distances from
each dternativeto FPISand FNI'S, respectively, are cal cul ated
asfollows:

(0.098,0.136,0.353),

A 1 A 2 A 3
d* 0220 0.206 0345
d- 0.304 0318 0.179

Finally, using equation (7), the closeness co-efficients
are calculated asfollows:

Rl_ dl

=0 0.582
dj__ + dl

__ ds

Rs dz +d3}

According to the closeness co-efficient of the three
alternatives, the order of thethree alternativesisA,>A >A..
Location 2 (A,) would be selected for opening the restaurant.
Similar work related to the present work was also done by
Jadhav and Bajgj (2011); Jadhav and Bajgj (2012); Wang and
Elhag (2006) and Zadeh (1975).

Concludingremarks:

In this paper, we propose a new MCDM verses Fuzzy
TOPSI S method to handle the decision making problemsin a
fuzzy environment, where the information is uncertain and
vague. Theuncertain and vague preferences arefirst presented
in linguistic variables and then converted to triangular fuzzy

Table4 : Fuzzy number preference of alter nativesrespective to each criterion

C, C Cs Cs

A (0.625, 0.75, 0.875) (0.25, 0.375, 0.5) (0.375, 0.5, 0.625) (0.625, 0.75, 0.875)

A, (0.125,0.25,0.375) (0.75, 0.875,1) (0.625, 0.75, 0.875) (0.375,0.5,0.625)

Az (0.75,0.875,1) (0.5,0.625,0.75) (0.125,0.25,0.375) (0.25,0.375,0.5)

Table5: Normalized fuzzy number preference ‘

C,(0.2209) C,(0.1767) C5(0.2811) C4(0.3213)

Ar (0.453, 0.636, 0.889) (0.19, 0.329, 1) (0.329, 0.53, 0.845) (0.527, 0.76, 1.136)

A, (0.091,0.212,0.381) (0.56, 0.768,2) (0.549, 0.8, 1.183) (0.316,0.51,0.811)

Az (0.543,0.742,0.016) (0.37,0.549,1.5) (0.11,0.27,0.507) (0.211,0.38,0.649)

Table 6 : Weighted nor malized fuzzy number preference ‘

C: C Cs (o
A (0.1,0.14, 0.196) (0.033, 0.058, 0.177) (0.093, 0.15, 0.238) (0.169, 0.247, 0.365)
As (0.02,0.047,0.084) (0.098, 0.136, 0.353) (0.154, 0.225, 0.333) (0.102,0.165,0. 261)
As (0.12,0.164,0.224 (0.066,0.097,0.265) (0.031,0.075, 0.143) (0.068,0.123,0.208)
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numbers. The problem with calculating priority vector of
criteriais presented as an optimization problemandit is solved
by using TOPSIS method. To find the priority vector, which
maximizestriangular membership function. After determining
the priority vector of criteria, the proposed method isused to
evaluate rank of the order of alternatives. From the TOPSIS
method the best ideal solution out of three locationsisA,. A,
issecond choicefor selection of locations. The decision maker
will be choosing the second (restaurant location) alternative
according to Fuzzy TOPSIS method, we get same ranking
preferences. Then the decision maker chooses the best
dternativei.e. A,

TOPSIS method utilizes the advantages of fuzzy set
Theory, therefore, the decision making becomes realistic and
effective. By using proposed method decision maker may
choose best “optimal” (most favorable) alternative selection
everywhere. It has large applicability in rea-life situations
such asthe selection of T.V., Mobile, Laptop, and so on. The
proposed fuzzy TOPSIS method consi dersthe decision makers
(DMs) preference that is an advantages of it. Moreover, it
seems that the proposed method flexible and easy to use.

It is expected that the fuzzy TOPSIS method have more
potential applicationsin the near future. A numerical example
of selecting restaurant’s location is also presented to clarify
the procedure of the proposed method.
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