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We propose a hybrid technique by merging fuzzy version of the classical technique for order preference by similarity to ideal solution
and decision-making trial and evaluation laboratory technique for trapezoidal fuzzy numbers, where interaction phenomena
among the decision-making problem and weights are taken into account. The feasibility of this new method is demonstrated by

applying it to an example.

1. Introduction

Modeling of real world decision-making problems is dif-
ficult because these problems are defined under uncertain
conditions. Multiple criteria decision-making (MCDM) tech-
niques are used for evaluating the alternatives in terms of
a number of quantitative and qualitative criteria with the
purpose of selection or ranking the alternatives [1]. MCDM
could be appropriate for evaluating a set of alternatives
with respect to three objectives. The first one is selecting
the best alternative among a set of alternatives. The second
objective is sorting the alternatives into relatively homoge-
neous groups or arranging them in a preference order. The
last objective is ranking the alternatives in a descending
or ascending order. Great efforts in the field of developing
and improving MCDM techniques resulted in numerous
approaches for effectively addressing general multiple criteria
analysis decision problems. Ozcan et al. [1] gave a com-
parison and application of these techniques depending on the
structure of the decision problem. Zadeh [2, 3] proposed the
concept of fuzzy set theory and successfully used it to handle
uncertainty in multiple criteria decision-making problems.
The fuzzy versions of MCDM techniques are more suitable
for subjective and qualitative assessments in the evaluation
processes than the classical MCDM techniques applying
crisp values [4, 5]. Dubois in his paper [6] discussed new
significant techniques of decision analysis. He suggested the
use of membership function, linguistic variables, and fuzzy

intervals. Recently, [7-9] studied fuzzy version of the clas-
sical technique for order preference by similarity to ideal
solution (TOPSIS) due to [10] for multiattribute/multicriteria
decision-making (MADM/MCDM) problems. Decision-
making trial and evaluation laboratory (DEMATEL) method
is a comprehensive method to analyze a structural model
between complex factors. It is recently studied by several
researchers [11]. This technique identifies the importance of
each criterion in a network of other criteria relationships [12].
Jeng and Tzeng [13] gave the fuzzy DEMATEL method to
handle the vagueness in DEMATEL. Deng [14] proposed a
new similarity technique for MCDM. This technique works
on the concept that the most preferred alternative should
have the highest degree of similarity to the positive ideal
solution and the lowest degree of similarity to the negative
ideal solution. In this paper, we propose a hybrid technique
by merging TOPSIS and Deng’s technique [14] for trapezoidal
fuzzy numbers, where interaction phenomena among the
decision-making problem and weights are taken into account.

This paper is organized as follows. In Section 2, we review
fuzzy set and some preliminary concepts needed in the
sequel. In Section 3, we review fuzzy DEMATEL method
for trapezoidal fuzzy numbers. In Section 4, we proposed a
modified version of fuzzy similarity MCDM for trapezoidal
fuzzy numbers in some steps. An illustrative example is given
to see the feasibility of the proposed method. Conclusion is
given in the last section.
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2. Preliminaries

Some preliminary concepts are given in this section for sub-
sequent use.

Let X be a crisp universe of generic elements; a fuzzy set
A in the universe X is a mapping from X to [0, 1]. For any
x € X, the value A(x) is called the degree of membership of x
in A.

Fuzzy data is a data type with imprecision or with a
source of uncertainty not caused by randomness, but due
to ambiguity. Examples of fuzzy data types can easily be
found in natural language. It is generally more convenient
and useful in describing fuzzy data to use trapezoidal fuzzy
numbers [15]. Trapezoidal fuzzy numbers are the best way
to model the vagueness of human knowledge in decision
problems. Zimmermann [16, Subsubsection 5.3.2] defined
the trapezoidal fuzzy numbers as follows.

A function “F” is given by

0 if x < x; or x> x4,

X—x .

L ifx; <x<x,
F)=q727 % M

1 if x, < x < x5,

X =%

if %3 < x < xy,

L X3 = X4

where 0 < x; < x, < x; < x, is called trapezoidal fuzzy
number. Symbolically a trapezoidal fuzzy number F is de-
noted by (x;, x,, x3, x,) (see [17, page 330]).

Definition 1 (see [18]). Constant “k” multiple of trapezoidal
fuzzy number A is defined as follows:

kA = k(x;, x5, x5, %,) = (kX xp, kX x5, kX x5,k xx,),
where A = (xy, x,, x5, x,) and k € [0, 1].

Definition 2 (see [18]). Product of two trapezoidal fuzzy
numbers A and B is defined as follows:

A X B = (X1, X5, %3, %4) X (V15 Y2 V35 Va) @

= (X1 X Y1 Xy X Yoy X3 X Y3, %4 X Yy) 5

where A = (x,, x5, x5, x4) and B = (y1, ¥5, V3> Va)-

Definition 3 (see [18]). Addition of two trapezoidal fuzzy
numbers A and B is defined as follows:

A+ B = (x),%9,%3, %) + (V1 V2> V35 Va) )

= (X1 + Y0 X9 + Yoo X3+ Y3 Xy + Vy) s

where A = (x1, x5, X3, x4) and B = (y1, V5, V3> Va)-

3. Fuzzy DEMATEL Method

DEMATEL is a comprehensive method for analysis and
relationship between criterion and its influence on the other
criteria [11-13]. The DEMATEL method is summarized by
Jeng and Tzeng [13]. The fuzzy DEMATEL method is pre-
sented in an algorithmic form as below.
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TABLE 1: Linguistic variable for the importance.

Corresponding trapezoidal fuzzy

Linguistic variable
numbers

(0,0, 0, 0.25)

(0, 0.25, 0.5, 0.55)
(0.5, 0.6, 0.65, 0.7)
(0.68, 0.75, 0.8, 0.85)
(0.8, 0.9, 0.95, 1)

No influence

Very low influence
Low influence
High influence
Very high influence

Step 1. Determining the direct relation matrix in the fuzzy

environment X = [X;j]xn shows the relationship among the
criteria based on the opinion of decision-makers by linguistic

variable. Thus, in this matrix X, x;; represents the influential
relation of criterion i on criterion j in terms of trapezoidal
fuzzy number, which is shown as follows:

% = (b i) (4)

Step 2 (normalizing the fuzzy direct relation matrix). The

normalized fuzzy direct relation matrix X' is calculated from
X as follows:

1
§=—————
max/. (Z;‘zl dij) (5)
X' =sxX.

Step 3 (attaining the fuzzy total relation matrix). Consider
T=x{1-%)"}, (6)

in which I is denoted by the identity matrix.

In this step, the total relation fuzzy matrix T is calculated
through four T% TY T¢, and T matrices. For example,
consider the T matrix:

= x"{(1-x")"}. @)
Step 4 (calculating the prominence matrix). Consider
R=[R] . (8)

where R; = 7| T;andi=1,2,...,n
Consider

C= [éj]m, (9)

where C; = YL, Tjand j = 1,2,...,n.
Finally P matrix, which is made by adding R and C'

(transpose of the matrix C), represents the importance of each
criterion in a network of relationships:

P=R+C". (10)

We use P matrix as the weights of components in fuzzy sim-
ilarity method.
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TABLE 2: The fuzzy direct relation matrix.

FAC BEH LR SC
FAC (0.000, 0.000, 0.000, 0.000) (0.100, 0.250, 0.350, 0.500) (0.700, 0.950, 0.980, 1.000) (0.550, 0.800, 0.900, 0.950)
BEH (0.050, 0.013, 0.250, 0.375) (0.000, 0.000, 0.000, 0.000) (0.100, 0.200, 0.350, 0.500) (0.400, 0.600, 0.800, 0.900)
LR (0.100, 0.200, 0.400, 0.500) (0.200, 0.400, 0.500, 0.600) (0.000, 0.000, 0.000, 0.000) (0.600, 0.750, 0.900, 1.000)
SC (0.100, 0.320, 0.500, 0.600) (0.400, 0.600, 0.800, 0.900) (0.450, 0.600, 0.800, 0.900) (0.000, 0.000, 0.000, 0.000)
KM (0.500, 0.700, 0.900, 1.000) (0.100, 0.300, 0.500, 0.550) (0.100, 0.250, 0.500, 0.600) (0.300, 0.450, 0.600, 0.800)
PUB (0.056, 0.150, 0.350, 0.400) (0.500, 0.600, 0.800, 0.900) (0.250, 0.300, 0.500, 0.600) (0.500, 0.600, 0.850, 1.000)
SOA (0.400, 0.600, 0.800, 0.900) (0.200, 0.400, 0.600, 0.700) (0.070, 0.200, 0.450, 0.550) (0.070, 0.150, 0.350, 0.400)

KM PUB SOA
FAC (0.650, 0.900, 0.940, 0.975) (0.625, 0.875, 0.920, 1.000) (0.700, 0.950, 0.980, 1.000)
BEH (0.350, 0.600, 0.700, 0.850) (0.600, 0.800, 0.900, 1.000) (0.200, 0.400, 0.600, 0.700)
LR (0.400, 0.600, 0.800, 0.900) (0.200, 0.350, 0.650, 0.750) (0.200, 0.400, 0.600, 0.650)
SC (0.350, 0.500, 0.750, 0.800) (0.070, 0.200, 0.400, 0.500) (0.300, 0.450, 0.550, 0.800)
KM (0.000, 0.000, 0.000, 0.000) (0.200, 0.400, 0.700, 0.750) (0.070, 0.200, 0.500, 0.550)
PUB (0.500, 0.750, 0.850, 0.950) (0.000, 0.000, 0.000, 0.000) (0.600, 0.700, 0.900, 1.000)
SOA (0.500, 0.600, 0.800, 0.950) (0.500, 0.800, 0.900, 1.000) (0.000, 0.000, 0.000, 0.000)

TaBLE 3: The normalized fuzzy direct relation matrix.

FAC BEH LR SC
FAC (0.000, 0.000, 0.000, 0.000) (0.018, 0.046, 0.064, 0.092) (0.129, 0.175, 0.180, 0.184) (0.101, 0.147, 0.166, 0.175)
BEH (0.009, 0.002, 0.046, 0.069) (0.000, 0.000, 0.000, 0.000) (0.018, 0.037, 0.064, 0.092) (0.074, 0.110, 0.147, 0.166)
LR (0.018, 0.037, 0.074, 0.092) (0.037, 0.074, 0.092, 0.110) (0.000, 0.000, 0.000, 0.000) (0.110, 0.138, 0.166, 0.184)
SC (0.018, 0.059, 0.092, 0.110) (0.074, 0.110, 0.147, 0.166) (0.083, 0.110, 0.147, 0.166) (0.000, 0.000, 0.000, 0.000)
KM (0.092, 0.129, 0.166, 0.184) (0.018, 0.055, 0.092, 0.101) (0.018, 0.046, 0.092, 0.110) (0.055, 0.083, 0.110, 0.147)
PUB (0.010, 0.028, 0.064, 0.074) (0.092, 0.110, 0.147, 0.166) (0.046, 0.055, 0.092, 0.110) (0.092, 0.110, 0.156, 0.184)
SOA (0.074, 0.110, 0.147, 0.166) (0.037, 0.074, 0.110, 0.129) (0.013, 0.037, 0.083, 0.101) (0.013, 0.028, 0.064, 0.074)

KM PUB SOA
FAC (0.120, 0.166, 0.173, 0.179) (0.115, 0.161, 0.169, 0.184) (0.129, 0.175, 0.180, 0.184)
BEH (0.064, 0.110, 0.129, 0.156) (0.110, 0.147, 0.166, 0.184) (0.037, 0.074, 0.110, 0.129)
LR (0.074, 0.110, 0.147, 0.166) (0.037, 0.064, 0.120, 0.138) (0.037, 0.074, 0.110, 0.120)
SC (0.064, 0.092, 0.138, 0.147) (0.013, 0.037, 0.074, 0.092) (0.055, 0.083, 0.101, 0.147)
KM (0.000, 0.000, 0.000, 0.000) (0.037,0.074, 0.129, 0.138) (0.013, 0.037, 0.092, 0.101)
PUB (0.092, 0.138, 0.156, 0.175) (0.000, 0.000, 0.000, 0.000) (0.110, 0.129, 0.166, 0.184)
SOA (0.092, 0.110, 0.147, 0.175) (0.092, 0.147, 0.166, 0.184) (0.000, 0.000, 0.000, 0.000)

TABLE 4: The fuzzy total relation matrix.
FAC BEH LR SC
FAC (0.0369, 0.1132, 0.3193, 0.6678)  (0.0598, 0.1782, 0.4063, 0.805)  (0.1602, 0.2769, 0.4946, 0.8651) ~ (0.1532, 0.2914, 0.5476, 0.9906)
BEH (0.0265, 0.0659, 0.2749, 0.6072)  (0.0252, 0.0774, 0.2539, 0.5882)  (0.0387, 0.099, 0.3036, 0.6579)  (0.1007, 0.1872, 0.4212, 0.8267)
LR (0.0358, 0.1007, 0.315, 0.6356)  (0.0578, 0.1473, 0.3524, 0.6948)  (0.022, 0.0706, 0.2615, 0.5846)  (0.1322, 0.2171, 0.4567, 0.8521)
SC (0.0356, 0.118, 0.3243, 0.659) (0.0887, 0.176, 0.39, 0.7467) (0.0963, 0.17, 0.3855, 0.7368)  (0.0306, 0.0957, 0.3104, 0.7076)
KM  (0.101, 0.1755, 0.3865, 0.6994) (0.0349, 0.1231, 0.3465, 0.6771)  (0.0422, 0.1182, 0.3474, 0.6793)  (0.0802, 0.1686, 0.4124, 0.8158)
PUB (0.0371, 0.1029, 0.3282, 0.6691)  (0.1153, 0.1874, 0.4194, 0.7894)  (0.0691, 0.1272, 0.3643, 0.7301) ~ (0.1245, 0.2016, 0.4721, 0.9072)
SOA (0.0913, 0.1688, 0.3824, 0.7136)  (0.0581, 0.1508, 0.3724, 0.7277) ~ (0.0381, 0.1139, 0.347, 0.6963) (0.049, 0.1328, 0.3876, 0.7932)
KM PUB SOA

FAC  (0.1799, 0.337, 0.595, 1.0515) (0.156, 0.3036, 0.5565, 0.985) (0.1698, 0.3043, 0.539, 0.9476)
BEH (0.0957, 0.2043, 0.4362, 0.8648) (0.128, 0.2194, 0.441, 0.8294) (0.0636, 0.15, 0.3767, 0.757)
LR (0.103, 0.2085, 0.4724, 0.8839) (0.0593, 0.1524, 0.4233, 0.8035) (0.0597, 0.1531, 0.3941, 0.7591)
SC  (0.0936, 0.1948, 0.4603, 0.8835) (0.0411, 0.1345, 0.3856, 0.7848) (0.0738, 0.1617, 0.3824, 0.7907)
KM  (0.0318, 0.107, 0.3432, 0.7324) (0.0599, 0.1603, 0.4319, 0.7971) (0.0403, 0.1242, 0.3828, 0.7391)
PUB (0.1328, 0.2464, 0.5077, 0.9535) (0.0384, 0.1089, 0.3461, 0.7429) (0.1344, 0.2102, 0.4631, 0.8629)
SOA (0.1266, 0.2234, 0.4858, 0.9194) (0.1186, 0.2397, 0.4771, 0.8699) (0.0327, 0.0993, 0.311, 0.6783)
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TABLE 5: The prominence matrix.
C R P

FAC (0.3642, 0.845, 2.3306, 4.6517) (0.9158, 1.8046, 3.4583, 6.3126) (1.28, 2.6496, 5.7889, 10.9643)
BEH (0.4398, 1.0402, 2.5409, 5.0289) (0.4784,1.0032, 2.5075, 5.1312) (0.9182, 2.0434, 5.0484,10.1601)
LR (0.4666, 0.9758, 2.5039, 4.9501) (0.4698, 1.0497, 2.6754, 5.2136) (0.9364, 2.0255, 5.1793, 10.1637)
SC (0.6704, 1.2944, 3.008, 5.8932) (0.4597,1.0507, 2.6385, 5.3091) (1.1301, 2.3451, 5.6465, 11.2023)
KM (0.7634, 1.5214, 3.3006, 6.289) (0.3903, 0.9769, 2.6507, 5.1402) (1.1537, 2.4983, 5.9513, 11.4292)
PUB (0.6013, 1.3188, 3.0615, 5.8126) (0.6516, 1.1846, 2.9009, 5.6551) (1.2529, 2.5034, 5.9624, 11.4677)
SOA (0.5743,1.2028, 2.8491, 5.5347) (0.5144, 1.1287, 2.7633, 5.3984) (1.0887, 2.3315, 5.6124, 10.9331)

4. Fuzzy Similarity Method

The similarity method is extended for multicriteria decision-
making in fuzzy environment. Fuzzy similarity method is
proposed below in an algorithmic form.

Step 1. Let X = [Xijl,xm be a fuzzy decision matrix for
the MCDM problem and the following notations are used to
depict the considered problems:

A = {A,A,,...,A,} is the set of the considered
alternatives;
C={C,,C,,...,C,,} is the set of the criteria used for

evaluating the alternatives.

Performance of alternative A; with respect to criterion C; is
denoted by X;;.

Step 2 (determining the fuzzy weighting matrix). The fuzzy
weight vector W represents the relative importance of each

criterion:

W = (@, @,,...,T;...,1,,), (11)

where w; = (a;, b}, c;, d;) which represent the relative impor-
tance of criterion C; with respect to the overall objective of
the problem is represented as ;.

Step 3 (normalizing the fuzzy decision matrix through linear
normalization). A normalized decision matrix X can be
determined as

) ~I
X = [xif nxm’ (12)
where
( al] sz Cl]
n > n ’ n >
max! (dij) max! (d,-j) max! (dij)
ij . . o
- if C jisa benefit criteria;
n
. max | (d,»j)
xij = <
. n . n . n
min;_ (a,-j) min;_, (aij) min; (aij)
b b b
min;’, (aij) . . e
_— if C jlsa cost criteria.
a;

(13)

Step 4 (calculating the fuzzy performance matrix). The fuzzy
performance matrix Y = [¥ijlpxm 1 calculated as follows:

5y = X X ;. (14)
Step 5. Determine the fuzzy positive ideal solution (FPIS)
and the fuzzy negative ideal solution (FNIS):

I7 = ( max y%, max y2, max y¢, max y°
i =\ B i B Vi Y i )

(15)

N n a p M c n p
Ij = <nll:11n )/,-jylgln yij,Ileln yij’n,-fllln yi)-

Step 6. Calculate the conflict index between the alternative
and the FPIS and FNIS:

CI' =

1

3|~
™M=

. R
(7 x17),  Cf :;Z(yijxlj), (16)
j=1

j=1
where CI' = (CII",CI¥,CI, CI!) and CI; = (CL",CI;
Cr’,cr).

Here CI; is showing the conflict index of FPIS for the
overall performance matrix values. Similarly CI is showing
the conflict index of FNIS for the overall performance matrix
values.

Step 7. Calculate the overall performance of alternatives by
using CI; and CI;:

P =((cr xcr") + (crf xcr)
17)
(e xer)+ (ar xer ) @

Step 8 (rank the alternatives). Rank the P, in descending
order. The greater the value of P, is, the better the alternative
A, is.

5. Illustrative Example

In this section, an illustrative example is given to elaborate
the method proposed in Section 4, to obtain the desirable
alternative. Three schools (School 1 (S1), School 2 (S2), and
School 3 (S3)) all in the field of engineering are under
evaluation by the Hope Education Foundation (HEF). HEF
is a not for profit organization which wants to manage
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TABLE 6: (a) Average fuzzy judgment values of each HC indicator by (b) Continued.

expert 1. (b) Average fuzzy judgment values of each HC indicator by Components Indicators S2

expert 2. (c) Average fuzzy judgment values of each HC indicator by

Personal initiative

(0.3, 0.45, 0.75, 0.8)

expert 3.
Continuous learning (0.35, 0.55, 0.8, 0.9)
@) Conscientiousness (0.35, 0.55, 0.8, 0.9)
Components Indicators S1 Emotional stability (0.45, 0.55, 0.85, 0.95)
Education (0.35,0.5,0.75, 0.85) BEH Commitment (0.48, 0.55, 0.85, 0.95)
Teaching experience (0.3,05,0.7,0.8) Working with schools (0.43,0.55, 0.85, 0.93)
Teaching skills (0.25, 0.4, 0.65, 0.75) Being ethical (0.45, 0.55, 0.8, 0.95)
FAC Team work skills (0.2,0.4,0.6,0.7) Performing their best (0.4, 0.6, 0.75, 0.85)
Confidence level (0.15, 0.25, 0.55, 0.65) Eagerness to source sharing  (0.23, 035, 0.75, 0.73)
Problem-s.olv.mg sk%lls (0.3,0.45,07,08) Employee satisfaction (0.3, 0.45, 0.65, 0.75)
Conunu?m?§o?Skﬂh (04,055,08,09) Availability of new books  (0.35, 0.55, 0.75, 0.84)
Personal initiative (0.25, 0.35, 0.65, 0.7) LR Online resources of
Continuous learning (0.45, 0.55, 0.75, 0.85) searching (0.35, 0.55, 0.8, 0.88)
Conscientiousness (0.4, 0.55, 0.8, 0.85) Freely expressing the
Emotional stability (0.5, 0.65, 0.85, 0.95) SC opinions (0.35, 0.45, 0.75, 0.85)
BEH Commitment (05,065, 085, 0.95) Supporting new ideas (0.35, 0.45, 0.75, 0.85)
Working with schools (0.5, 0.65, 0.85, 0.95) -
Being ethical (0.5, 0.65, 0.85, 0.95) Creating results (04,055,038, 05)
Performing their best (0.5,0.65, 0.8, 0.95) KM &xxﬁmmmmmg (0.4, 0.55, 0.8, 0.85)
Eagerness to source sharing (0.3, 0.45, 0.7 0.8) ge )
Employee satisfaction (0.4, 0.55, 0.8, 0.9) Information available (04, 0.55,0.8, 0.9)
Availability of new books (0.3, 0.45, 0.75, 0.8) PUB Local publications (0.45,0.55,0.75, 0.85)
LR Online. resources of (035, 0.5, 0.75, 0.83) International publications  (0.55, 0.65, 0.85, 0.95)
searching Students presentation (0.25,0.45, 0.65, 0.75)
“ (lji)eizli); Ie:scpressing the (0.4,0.5,0.75,0.9) Faculty talks (0.25, 0.45, 0.65, 0.75)
. . Training programs (0.45,0.65, 0.8, 0.9)
Supporting new ideas (0.35, 0.45, 0.75, 0.9) - o
Creating results (0.45, 0.65, 0.85, 0.95) SOA Eﬁg;:;osn training (0.25, 0.45, 0.65, 0.75)
KM IS(harmg and reporting (0.4,0.55,0.8,0.9) Career development (0.3,0.45,0.75, 0.8)
nowledge
Information available (0.5,0.6, 0.8, 0.9) Job fair (0.2,0.35,0.6,0.7)
PUB Local publications (0.6, 0.7, 0.85, 0.95) Invited speakers seminar (035, 0.55, 0.75, 0.85)
International publications (0.65, 0.75, 0.9, 1) Industry interest talks (0.35, 0.5, 0.7, 0.8)
Students presentation (0.25, 0.4, 0.65, 0.75) ©
Faculty talks (0.2, 0.3, 0.55, 0.65) Components Tndicators S
Training programs (0.5,0.6,0.8,0.9) Education (04,055,08,09)
SOA Succession training (0.3, 0.45, 0.75, 0.8) Teaching experience (0.35, 0.6, 0.8, 0.9)
programs Teaching skills (0.3, 0.45, 0.75, 0.85)
Career development (0.4, 0.55,0.8,0.9) FAC Tearm work skills (02,035, 0.65, 0.7)
Job fair (0.2,0.35,0.65,0.7) Confidence level (0.2,0.4,0.65,0.7)
Invited speakers seminar (0.4, 0.55,0.8,0.9) Problem-solving skills (0.35,0.55, 0.75, 0.85)
Industry interest talks (0.45, 0.6, 0.85, 0.95) Communication skills (0.35, 055, 0.75, 0.85)
(b) Personal initiative (0.35, 0.45, 0.75, 0.85)
Components Indicators 9 Continuous learning (0.5, 0.65, 0.85, 0.95)
Conscientiousness (0.4, 0.6, 0.8, 0.85)
Education (0.3,0.45,0.75,0.8) Emotional stability (0.45, 0.65, 0.85, 0.95)
Teaching experience (0.35, 0.45, 0.7, 0.85) Commitment (0.45, 0.65, 0.85, 0.95)
Teaching skills (0.25, 0.45, 0.65, 0.75) BEH Working with schools (0.4, 0.65, 0.85, 0.9)
FAC Team work skills (0.25, 0.45, 0.65, 0.75) Being ethical (04,055, 0.8,0.9)

Confidence level
Problem-solving skills

Communication skills

(0.15, 0.35, 0.55, 0.65)
(0.35, 0.55, 0.75, 0.85)
(0.4,0.6,0.8,0.9)

Performing their best
Eagerness to source
sharing

Employee satisfaction

(0.4, 0.55, 0.8, 0.85)
(0.43, 0.6, 0.8, 0.9)
(0.3,0.55, 0.8, 0.85)




6
(c) Continued.
Components Indicators S3
Availability of new books  (0.45, 0.55, 0.85, 0.95)
L .
R Onhnef resources of (0.4, 0.55, 0.85, 0.95)
searching
Freely expressing the (0.45, 0.55, 0.8, 0.95)
SC opinions
Supporting new ideas (0.4,0.55,0.8,0.9)
Creating results (0.45, 0.65, 0.85, 0.95)
KM Sharing and reporting (0.45, 0.65, 0.85, 0.9)
knowledge
Information available (0.5,0.7,0.9,1)
PUB Local publications (0.5, 0.65, 0.8, 0.9)
International publications  (0.45, 0.6, 0.85, 0.95)
Students presentation (0.3, 0.45, 0.75, 0.8)
Faculty talks (0.2,0.35,0.6,0.7)
Training programs (0.55, 0.7, 0.8, 0.95)
SOA Succession training (0.35, 0.45, 0.75, 0.8)
programs
Career development (0.3, 0.45, 0.7, 0.8)
Job fair (0.3, 0.45, 0.65, 0.75)

(0.35, 0.55, 0.75, 0.85)
(0.55, 0.7, 0.85, 0.95)

Invited speakers seminar
Industry interest talks

the allocation of funds to these engineering schools based on
their performance.

There are seven components and their thirty-four indi-
cators of capacity were taken as the framework for assessing
the capability of schools. Firstly, the fuzzy DEMATEL method
was used to obtain the fuzzy weights of the components. We
use the fuzzy similarity method to rank the schools by using
the weights of components.

We use fuzzy DEMATEL method to evaluate the relative
weights of components. These seven components are faculty
(FAC), behavior (BEH), library resources (LR), study culture
(SC), knowledge management (KM), publications (PUB),
and seminar organized activities (SOA). A committee of ten
experts as representatives was formed to evaluate the influen-
tial relation of these seven components on each other. Experts
filled the judgment matrix through linguistic terms. These
linguistic terms transfer to the corresponding trapezoidal
fuzzy numbers. The pairwise comparison of experts about
the influence of components on each other is being used
as the inputs of the paired comparison matrix in the fuzzy
DEMATEL method (see Table 1).

First there are the following steps of fuzzy DEMATEL
method for calculating the relative weights of component.

Step 1. Take average of ten experts pairwise comparison
matrix. The fuzzy direct relation matrix is calculated in
Table 2.

Step 2. The normalized direct relation matrix is calculated
and given in Table 3.

Step 3. The fuzzy total relation matrix is calculated and shown
in Table 4.

Mathematical Problems in Engineering

Step 4. The importance of each component is computed in
prominence matrix and shown in Table 5.

Next, there are the following steps of fuzzy similarity
method for ranking of schools.

Step 1 (determining the fuzzy decision matrix). Three experts
categorize the thirty-four HC indicators under seven compo-
nents in Tables 6(a), 6(b), and 6(c). The overall fuzzy decision
matrix for the seven components and three alternatives is
given in Table 7.

Step 2 (determining the fuzzy weighting matrix). The fuzzy
prominence matrix P is obtained from fuzzy DEMATEL
method and normalized it. After this, it is applied as the
weights of components in this step. The fuzzy weighting
matrix is shown in Table 8.

Step 3 (normalizing the fuzzy decision matrix through linear
normalization). The normalized fuzzy decision matrix is as
shown in Table 9.

Step 4 (calculating the fuzzy performance matrix). The fuzzy
performance matrix is calculated and is displayed in Table 10.

Step 5. The fuzzy PIS and the fuzzy NIS for each criterion are
calculated and shown in Table 11.

Step 6. Calculate the conflict index between the alternatives
and the PIS and the NIS, shown in Table 12.

Step 7. Calculate the overall performance of each alternative,
shown in Table 13.

Step 8 (rank the alternatives). In this example, we use the
defuzzification to rank the alternatives which is shown in
Table 14.

Rank all the alternatives Si (i = 1,2, 3) according to P:

S3 > S1 > S2. (18)

Thus, the most desirable alternative is S3.

6. Discussion and Conclusion

Fuzzy similarity MCDM method is introduced to rank the
performance evaluation. Capability should also put more
emphasis on the most important components. A comparative
study on ranking of three schools using a fuzzy MCDM
approach based on the components and their related indi-
cators is presented. Framework for capability measurement
is based on thirty-four indicators and summarized in seven
components. Fuzzy DEMATEL method was employed to
evaluate the influential relations of the components and
their relative importance. It has the greatest fuzzy weight
according to experts’ opinions. The prioritization of compo-
nents can help managers to make good use of the limited
resources to improve those aspects that are important. Our
proposed fuzzy MCDM framework has important points
to improve the process of assessing schools’ capabilities.
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TaBLE 7: The fuzzy decision matrix.

Components S1 S2 S3

FAC (0.278571, 0.4357, 0.67857, 0.77857) (0.2928, 0.4714, 0.7167, 0.7928) (0.307, 0.4928, 0.7357, 0.8214)
BEH (0.43, 0.57, 0.79, 0.885) (0.374, 0.515, 0.785, 0.871) (0.408, 0.59, 0.815, 0.895)
LR (0.325, 0.475, 0.75, 0.815) (0.35, 0.55, 0.775, 0.86) (0.425, 0.55, 0.85, 0.95)

SC (0.375, 0.475, 0.75, 0.9) (0.35, 0.45, 0.75, 0.85) (0.425, 0.55, 0.8, 0.925)
KM (0.45, 0.6, 0.8167, 0.9167) (0.4, 0.55, 0.8, 0.883) (0.467, 0.667, 0.867, 0.95)
PUB (0.625, 0.725, 0.875, 0.975) (0.5,0.6,0.8,0.9) (0.475, 0.625, 0.825, 0.925)
SOA (0.3375, 0.475, 0.73125, 0.81875) (0.3, 0.48125, 0.69375, 0.7875) (0.3625, 0.5125, 0.73125, 0.825)

TABLE 8: The fuzzy weighting matrix.

Components Fuzzy weights

FAC (0111614928, 0.231042902, 0.504787234, 0.956077782)
BEH (0.080066271, 0.178182769, 0.440216254, 0.885952215)
LR (0.081653296, 0.176621904, 0.451630624, 0.886266132)
SC (0.098543774, 0.204490757, 0.492370073, 0.976831182)
KM (0.100601674, 0.217849669, 0.518948378, 0.996616672)
PUB (0.109251831, 0.218294384, 0.519916289, 0.99997384)
SOA (0.094933729, 0.203304848, 0.489396582, 0.953357168)

TABLE 9: The normalized fuzzy decision matrix.

Components S1

FAC (0.339130435, 0.530434783, 0.826086957, 0.947826087)
BEH (0.480446927, 0.636871508, 0.882681564, 0.988826816)
LR (0.342105263, 0.5, 0.789473684, 0.857894737)

SC (0.405405405, 0.513513514, 0.810810811, 0.972972973)
KM (0.473684211, 0.631578947, 0.859649123, 0.964912281)
PUB (0.641025641, 0.743589744, 0.897435897, 1)

SOA (0.409090909, 0.575757576, 0.886363636, 0.992424242)
Components S2

FAC (0.356521739, 0.573913044, 0.872463769, 0.965217392)
BEH (0.417877095, 0.575418994, 0.877094972, 0.973184358)
LR (0.368421053, 0.578947368, 0.815789474, 0.905263158)
SC (0.378378378, 0.486486486, 0.810810811, 0.918918919)
KM (0.421052632, 0.578947368, 0.842105263, 0.929824561)
PUB (0.512820513, 0.615384615, 0.820512821, 0.923076923)
SOA (0.363636364, 0.583333333, 0.840909091, 0.954545455)
Components S3

FAC (0.373913044, 0.6, 0.895652174, 1)

BEH (0.455865922, 0.659217877, 0.910614525, 1)

LR (0.447368421, 0.578947368, 0.894736842, 1)

SC (0.459459459, 0.594594595, 0.864864865, 1)

KM (0.49122807, 0.701754386, 0.912280702, 1)

PUB (0.487179487, 0.641025641, 0.846153846, 0.948717949)

SOA (0.439393939, 0.621212121, 0.886363636, 1)
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TABLE 10: The fuzzy performance matrix. TaBLE 11: The fuzzy PIS and the fuzzy NIS.
Components Sl Components PIS
FAC (0.037852019, 0.122553192, 0.41699815, FAC (0.041734278, 0.138625741, 0.452113784, 0.956077782)
0.906195463) BEH (0.038467594, 0.117461267, 0.400867315, 0.885952215)
BEH é%gi%‘égggg‘)" 0.113479529, 0.388570772, LR (0.036529106, 0.102254787, 0.404090559, 0.886266132)
: SC
. (0.027934022, 0.088310952, 0356550493, (0.045276869, 0.121589099, 0.425833577, 0.976831182)
0.76032305) KM (0.049418366, 0.15287696, 0.473426591, 0.996616672)
SC (0.039950179, 0.105008767, 0.399218978, PUB (0.070033225, 0.162321465, 0.466591541, 0.99997384)
0.95043034) SOA (0.041713305, 0.126295436, 0.433783334, 0.953357168)
KM (0.047653425, 0.137589264, 0.446113518, Components NIS
0.961647666)
FAC (0.037852019, 0.122553192, 0.41699815, 0.906195463)
PUB 80527909073338242)5’ 0.162321465, 0.466591541, BEH (0.033457861, 0.10252975, 0.386111463, 0.862194837)
: LR (0.027934022, 0.088310952, 0.356550493, 0.76032305)
SOA éoé(féiig?’ 0.117054307, 0.433783334, sC (0.037286833, 0.09948199, 0.399218978, 0.897628654)
: ) KM (0.0423586, 0.126123492, 0.437009161, 0.92667866)
Components 52 PUB (0.053225251, 0.134335006, 0.426597981, 0.923052776)
FAC (0.039793148, 0.132598535, 0.440408573, SOA (0.034521356, 0.117054307, 0.411538035, 0.910022751)
0.922822903)
BEH (0.033457861, 0.10252975, 0.386111463, TaBLE 12: Conflict index between the alternatives and the PIS and
0.862194837) the NIS
R (0.030082793, 0.102254787, 0.368435509, )
0.802304077) cr
sC (0.037286833, 0.09948199, 0.399218978, S1 (0.002109759, 0.016326075, 0.182207588, 0.872162774)
0.897628654) S2 (0.001884561, 0.015577369, 0.179604788, 0.849741319)
KM (0.0423586, 0.126123492, 0.437009161, 3 (0.00206284, 0.017184302, 0.189613263, 0.898495123)
0.92667866) cr
PUB 805253%223??30'13433 5006, 0.426597981, s1 (0.001725215, 0.013965717, 0.168992025, 0.811844952)
on (0034521356, 0.118594495, 0.411538035, ) (0.001546332, 0.013360662, 0.166542811, 0.79061236)
0.910022751) S3 (0.00169654, 0.014717293, 0.1757818, 0.835392992)
Components  S3
FAC (0.041734278, 0.138625741, 0.452113784, TaBLE 13: Overall performance of each alternative.
0.956077782) T
BEH (0.036499485, 0.117461267, 0.400867315, X
0.885952215) 21 §0.000003639, 0.000228, 0.030791, 0.708)06)
2 0.000002914, 0.000208, 0.02991, 0.6718
0.036529106, 0.102254787, 0.404090559 ’ ’ ’
LR ( b b b}
0.886266132) S3 (0.000003499, 0.0002529, 0.03333, 0.75059)
(0.045276869, 0.121589099, 0.425833577,
SC . )
0.976831182) TABLE 14: Ranking of alternatives.
KM (0.049418366, 015287696, 0.473426591, .
0.996616672) P Ranking
PUB (0.053225251, 0.139932298, 0.439929167, S1 0.184771055 2
094869313 & 0106045871 |
SOA (0.041713305, 0.126295436, 0.433783334, :
0.953357168)
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