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Abstract

Vendor selection is a process of deciding the best supplier from a number of potential alternatives.
However, criteria for each alternative are usually very much inconclusive. In this paper, fuzzy decision
making trial and evaluation laboratory (DEMATEL) method is utilized in segmenting the importance of
criteria in a case of computer vendor selection. Five managers of computer companies and thirteen
criteria are considered in this experiment. The judgments for each criterion are made by the experts
based on the linguistic variables and triangular fuzzy numbers. In fuzzy aggregation assessment process,
converting fuzzy data into crisp scores (CFCS) method has been applied to aggregate and defuzzify those
assessment as a crisp value. Degrees of influential criteria are then obtained and criteria are successfully
divided into cause group and effect group. The results provide valuable suggestions to company on how
to improve its performances by paying more attention to the key criteria that influenced computer vendor
selection.

Keywords: Decision Making Trial and Evaluation Laboratory (DEMATEL), vendor selection,
fuzzy numbers, linguistic variable

1. Introduction

In today’s highly competitive environment, it is necessary for each company to consider the actual
needs of a satisfactory vendor. It is just because a good vendor selection (VS) may improve the efficiency
and increase productivity of company. Contrarily, selecting a wrong vendor may threaten the company’s
financial and operational position. As advocated by Howard [1] there is no more important than selection
of appropriate vendor since a vendor with a good performance in one criterion may worse on some others.
An appropriate vendor plays a significant role in order to improve the overall performances of company
and enhance the customer satisfaction [2]. However, selecting the right vendor is not an easy task since
VS problem is an unstructured and complicated. In another word, VS problem is a multi-criteria decision
making (MCDM) problem in which the criteria need to be evaluated meticulously. Nowadays, various
types of MCDM methods have been developed by researchers to solve VS problem.

Decision making trial and evaluation laboratory (DEMATEL) is one of the MCDM methods to solve
VS problems and it has been proven as a useful method to solve complicated problems since it has many
advantages in explaining the interconnected relationships among criteria. The DEMATEL method has
been developed initially to visualize the causal relationship of sub-systems through a causal diagram [3].
The methodology, according to the characteristics of objective affairs, can verify the interdependence
among the criteria and confirm the relation that reflects the characteristics with an essential system and
evolution trend [4-6]. The degree importance of criteria can also be measured by this method. The
DEMATEL method has been successfully applied to various circumstances, for example, developing
global managers’ competencies [7], evaluating intertwined effects in e-learning programs [8], airline
safely measurement [9], innovation Policy Portfolios for SIP mall industry [5], choice of knowledge
management strategy [10], causal analytic method for group decision making [11], and selection
management systems of SMEs [12].

In the DEMATEL procedure, available information or evaluations of criteria by decision-makers
(DMs) are often given as crisp values and expressed in linguistic terms. Generally, DMs usually tend to
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give assessments based on their knowledge and past experiences which are uncertain, vague and
imprecise. Thus, a fuzzy set theory is a mathematical way to tackle the vagueness in information and the
fuzziness of human judgment. Based on the definition of fuzzy sets, the concept of linguistic variables is
introduced to represent a language typically adopted by a human expert. A linguistic variable is a variable
whose values, namely linguistic values, have the form of phrases or sentences in a natural language [13-
15]. The linguistic values are represented by fuzzy numbers and in this study, triangular fuzzy number is
used in the DEMATEL method. This study aims to measure the degree importance of criteria, determine
the relationship, and divide the criteria into cause group and effect group using the fuzzy DEMATEL
method. The rest of the paper is organized as follows. The review of literature related to VS problem is

mentioned in Section 2. In Section 3 we present the preliminaries. Section 4 details the solution algorithm.

Section 5 displays our empirical analysis along with some discussions relating to a case study of
computer vendor selection. Finally conclusions and remarks are given in section 6.

2. Related Research

Around 1950s, National Bureau of Standards in the United States of America is the first to used
vendor selection model to find the minimum cost way for awarding procurement contracts in the
Department of Defense by applying linear programming and scientific computations [16][17]. Gaballa
is the first author who applied mathematical programming to a supplier selection problem in a real case
by using a mixed integer programming (MIP) model to minimize the total price of items allocated to the
suppliers. Wind and Robinson [18] proposed a linear weighting method to the vendor selection problem
for rating different vendors on the performance criteria for their quota allocations. Stevens [19] proposed
a goal programming formulation for attaining goals pertaining to price, quality and lead-time under
demand and budget constraints. Chaudhry et al. [20] have applied a mixed-integer programming model
to determine the order quantities from vendors offering cumulative or non-cumulative price breaks, albeit
ignoring net price, delivery, quality and capacity in their vendor evaluation criteria. Gheidar-Kheljani et
al. [21] considered the issue of coordination between one buyer and multiple potential suppliers, and
minimized the total cost of the supply chain rather than only the buyer’s cost.

A number of subsequent studies used fuzzy set theory to deal with uncertainty in the vendor selection
problem. Kumar et al. [22] developed a fuzzy goal programming and a fuzzy multi objective integer
programming approach to handle the vagueness and imprecision in vendor selection model. Amid et al.
[23] applied an asymmetric fuzzy-decision-making technique to assign different weights to various
criteria in a fuzzy vendor selection problem, and formulated a weighted additive fuzzy multi-objective
model for vendor selection problem under price breaks. Wang et al., [24] proposed a fuzzy vendor
selection expected value model and a fuzzy vendor selection chance constrained programming model by
characterizing quality, budget, and demand as fuzzy variables. Since vendor selection problem is usually
a multi-criteria decision making (MCDM) problem, Mikhailov [25] proposed the fuzzy AHP method to
determine the weight of each criterion and to score each alternative for each criterion. Besides, Shyur
and Shih [26] developed a hybrid MCDM method for strategic vendor selection by using both the ANP
and TOPSIS techniques.

3. Preliminaries

Some important definitions and notations of fuzzy set theory from Chen [27] and Cheng and Lin
[28] are reviewed.
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Definition 1. A fuzzy set A is a subset of a universe of discourse X , which is a set of ordered pairs

and is characterized by a membership function ,uZ (X) representing a mapping 'UZ X): X - [0,1].

Definition 2. A triangular fuzzy number N can be defined as a triplet (l ,m, r) and the membership

function M (x) is defined as:

e (x)= (’”") ()

Where I, m, and r are real numbers and [ < m < r.

Let 4 and B be two positive triangular fuzzy numbers parameterized by (al Jay,ay ) and
(bl , b2 , b3 ), then the operational laws of these two triangular fuzzy numbers are as follows:
A@B =(a) +bj.ay +by.ay +by) ?)
Z—§=(al—bl,a2—b2,a3—b3) 3)
Z@ﬁz(alxbl,az ><b2,a3 ®b3) 4)
A+B=a;/bjay/by.ay/by) )

where (al Lay,dsy )and (bl NY b3 ) are real numbers.

4. Fuzzy DEMATEL and Its Procedures

The DEMATEL method is a highly pragmatic way to form a structural model of evaluation for better
decision making [29]. Analytical procedure of the fuzzy DEMATEL method is explained as follows:

Step 1: Identifying decision goal.

The relevant information is gathered to evaluate the advantages and disadvantages and monitoring the
results to ensure the goals are achieved. This is necessary to form a committee for gathering group
knowledge to achieve the goals.
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Step 2: Developing evaluation criteria and survey instrument.

This is important to establish a set of criteria for evaluation. However, the criteria have the nature of
complicated relationships within the cluster of criteria. To measure the degree importance of criteria,
determine the relationship, and divide the criteria into cause group and effect group, the DAMATEL is
appropriate to be applied in this study. Linguistic variable “influence” is used with five linguistic terms
[30] as {Very high, High, Low, Very low, No} that are expressed in positive triangular fuzzy numbers

(lij s mij s rij) as shown in Table 1.

Table 1. The fuzzy linguistic scale.
Linguistic terms Influence scores Triangular fuzzy numbers

No influence 0 (0,0.1,0.3)

Very low influence 1 (0.1,0.3,0.5)
Low influence 2 (0.3,0.5,0.7)
High influence 3 (0.5,0.7,0.9)
Very high influence 4 (0.7,0.9,1.0)

Step 3: Acquiring and aggregating the assessments of decision makers.

To measure the relationship between evaluation criteria, it is usually necessary to ask DMs to make
assessments in terms of influence and directions between the criteria. Then, using the Converting Fuzzy
data into Crisp Scores (CFCS) method, those fuzzy assessments are defuzzified and aggregated as a crisp
value to obtain initial direct-relation matrix, Z.

The five-step algorithms of CFCS method described as follows:

k k
ij"ij
degree to which the criterion i affects the criterion ;.

Let zl-]k- = (ll-]; ,m ) indicate the fuzzy assessments of evaluator k(k = 1,2,..., p) about the

1. Normalization:

(l-k — min ]k, )
xl-k- = gy (6)
iy Ama_lx

min

X (ml]]C —minli];)

min

(k . lk)
k rij —mmij

i = max ®)
ACS
min
max k . .k
where Arnin = maxrl-j — min lij'
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2. Compute left (/s) and right (»s) normalized value:

xmk-
xlsg- = J A O]
1+xmij —xlij
xrk
xrsg- = v E (10)
1+xrl-j —xmij

3. Compute total normalized crisp value:

lxlsk(l—xlsk)+ xrsk-xrskJ
k j\ J gty
Xjj = J (11)

k k
ll - xlsij + XIS

4. Compute crisp values:

k .k k ,max
Zij = mlnlij +xijAmin (12)

5. Integrate crisp value:

(1, 2 p)

Step4: Establishing and analyzing the structural model.

On the base of the initial direct-relation matrix Z, the normalized direct relation matrix, D can be obtained
through Egs. (14) and (15).

VA

X = (14)

N

n n
where s = max( max X z;, max X z;), (15)
1<i<n j=1 Y’1<i<nj=1 Y

Then, the total-relation matrix, T can be acquired by using Eq. (16) in which / is denoted as the identity
matrix.

T=X{I-X)" (16)
The causal diagram can be acquired through Egs. (17)—(19).

7= i =12,n (17)

. |
Y dnxn,
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D = [ f zij} (18)
J=1 nxlz[ti]nxl

n
R=|2 t--j| 19
|:i=1 Y lxnz[ti]lxn 4

The sum of rows and the sum of columns are separately denotes as vector D and R through (17) to (19).
Then, the horizontal axis vector (D + R) named “Prominence” shows the degree of importance that
criterion 7 plays in the system while the vertical axis (D — R) named “Relation” shows the net effect the
criterion i contributed to the system. When (D — R) is positive, criterion  is a net causer and when (D —
R) is negative, criterion i is a net receiver [6][8].

5. Empirical Analysis

This study conducts an empirical analysis by gathering the feedbacks from five managers (experts)
of computer companies in Malaysia. On the basis of guided interview, the experts use fuzzy linguistic
scale in Table 1 for making assessments on influential criteria. Thirteen criteria are adopted as evaluation
criteria in computer vendor selection (CVS). The criteria are management commitment (C/), warranties
and claim policies (C2), quality assurance (C3), price performance value (C4), compliance with sectorial
price behaviour (C5), transportation cost (C6), order fulfil rate (C7), lead time (C8), order frequency
(C9), responsiveness (C10), stock management (C11), willingness (C12) and design capability (C13).

Once the criteria being measured by the DMs through the use of the fuzzy linguistic scale, the data
from each individual assessment could be obtained. Then, the initial direct-relation matrix in Table 2 is
constructed using the CFCS method. Eqgs (6)-(13) is used to aggregate the assessment data.

Table 2. Initial direct-relation matrix.

Cl1 C2 C3 C4 C5 Cé C7 C8 C9 Clo Cl1  Cl12 (13
Cl1 0.00 057 075 0.62 058 043 062 0.66 072 065 070 054 0.58
C2 042 000 072 066 069 031 027 035 071 077 081 054 042
C3 070 074 0.00 084 074 045 058 050 079 069 054 042 0.69
C4 043 070 0.76 0.00 055 050 058 054 079 054 043 043 0.69
Cs 058 046 067 0.77 000 043 057 031 067 070 043 058 0.65
C6 050 035 049 055 055 000 039 039 055 054 035 054 061
C7 073 058 060 061 065 038 000 046 079 077 077 058 0.50
C8 077 039 043 0.69 054 035 069 0.00 081 074 074 058 0.62
C9 073 058 070 081 073 043 066 0.66 0.00 057 076 050 0.77
cio 070 070 075 066 058 035 077 077 0.67 0.00 054 058 0.54
Cl11 065 061 045 057 061 026 081 081 071 050 0.00 050 046
Cl2 042 065 059 061 054 054 057 057 048 057 046 000 039
c13 073 066 08 081 0.76 050 046 050 0.78 050 058 046 0.00

Initial direct-relation matrix is normalized using Eqs (14) and (15). Result of the normalized initial direct-
relation matrix is presented in Table 3.
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Table 3. The normalized direct-relation matrix.

Cl C2 C3 C4 (6] C6 C7 C8 C9 cilo Cl11 Ci12 Ci13
Cl 0.00 0.07 0.09 0.07 007 005 0.07 0.08 009 008 008 0.06 0.07
C2 0.05 0.00 0.09 0.08 009 004 0.03 0.04 009 010 010 0.07 0.05
C3 0.09 0.09 0.00 0.11 009 006 0.07 006 010 009 0.07 0.05 0.09
C4 0.05 0.09 0.10 0.00 0.07 006 0.07 0.07 010 007 005 0.05 0.09
Cs 0.07 0.06 0.09 0.10 000 005 0.07 0.04 008 009 005 0.07 0.08
Coé 0.06 0.04 0.06 0.07 007 000 0.05 005 007 007 004 0.07 0.08
C7 0.09 0.07 0.08 0.08 008 005 0.00 006 010 0.10 0.10 0.07 0.06
C8 0.10 0.05 0.05 0.09 007 004 0.09 000 010 009 0.09 0.07 0.08
C9 0.09 0.07 0.09 0.10 009 005 0.08 0.08 000 007 010 0.06 0.10
c10 0.09 0.09 010 009 008 0.05 010 010 0.09 0.00 0.07 0.08 0.07
Cc11 0.09 0.08 006 008 008 0.03 011 011 009 0.07 0.00 0.07 0.06
Ci12 006 0.09 008 008 007 0.07 008 008 006 008 0.06 0.00 0.05
c13 010 0.09 o011 o0.11 010 0.07 0.06 007 010 0.07 0.08 0.06 0.00

Next, the total-relation matrix in Table 4 is obtained using Eq (16).

Table 4. The total-relation matrix.

Cl C2 C3 C4 C5 Cé Cc7 C8 C9 cilo C11 cC12 cC13
Cl 074 077 086 089 082 055 078 073 092 082 079 0.69 0.76
C2 077 0.69 083 087 081 052 072 068 09 081 078 0.67 0.72
C3 090 087 08 100 092 061 085 079 102 091 085 0.74 0.85
C4 0.80 080 087 082 08 056 078 073 094 082 077 0.68 0.78
C5 080 076 085 09 074 055 077 069 091 082 075 0.69 0.76
Co6 068 064 071 076 070 042 0.64 060 0.78 069 064 059 0.66
Cc7 088 0.8 09 095 08 058 0.76 077 100 089 085 0.74 0.81
C8 088 0.80 088 095 08 058 083 071 099 088 084 0.73 0.81
Cc9 093 087 09 102 094 062 088 083 09 092 090 0.77 0.88
Cl0 093 08 097 101 092 061 08 084 104 085 088 078 0.86
Cl1 086 082 087 093 087 056 08 079 097 08 075 072 0.79
c12 077 077 082 087 079 055 075 071 087 079 075 060 0.72
C13 093 088 097 102 094 063 08 081 105 091 08 076 0.79

Then, structural correlation as presented in Table 5 is obtained using Eqs (17)—(19). Causal diagram in
Figure 1 can be constructed by mapping a structural correlation analysis in Table 5.

Table 5. Structural correlation

Criteria D+R D-R
C1 20.9761 -0.740
2 20.1819 -0.616
C3 22.4771 -0.181
C4 22.1295 -1.830
C5 21.0191 -1.020
Cc6 15.8772 1.174
C7 21.1805 0.509
Cs8 20.4397 1.074
c9 23.8086 -0.896
C10 22.4385 0.495
Cll1 21.0455 0.197
C12 18.9219 0.603

C13 21.6004 1.231
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Figure 1. Causal diagram.

The evaluation criteria with positive (D — R) values; C6, C7, C8, C10, C11, C12 and CI3 are divided
into cause group also called as net causer, while negative value of (D —R); CI, C2, C3, C4, C5 and C9
are divided into effect group which are also called as net receiver. The cause criteria group imply the
meaning of the influencing criteria, whereas the effect criteria group denote the meaning of the influenced
criteria Fontela & Gabus [31]. Hori & Shimizu [32] define criteria in cause group difficult to move, while
the effect criteria group are easily moved. Because the cause criteria have impact on the whole system,
the performances can influence on the overall goal. Criteria in cause group should be paid a great more
attention though the cause criteria group are difficult to move since they have significant impact on other
criteria. Several valuable cues can be obviously obtained from Table 5 for making profound decisions.
For example, among these thirteen criteria, C9 is the most important criteria by the highest (D + R)
priority of 23.8086 while C/3 is the most influencing criteria by the highest (D — R) priority of 1.231.
As C4 has the lowest (D—R) priority of -1.830, it is the most easily be influenced. Considering the
significance of computer vendor selection, as presented in Table 5, the importance criteria is identified
asC9>C3>CIl0>C4>CI3>C7>Cll>C5>Cl>C8>C2>(Cl2> C6 according to the degree
of importance (D + R).

It can be seen that the criteria scattered in the causal diagram confirms that C/3 is the most influencing
criteria. C13 is the real source which affects the other criteria directly. Although C13 is not considered
as the priority criteria by the highest value of (D + R), it can offer insights for company to understand
the cause-effect relationship and to select appropriate computer vendor.

The results of fuzzy DEMATEL method are now compared with the findings of traditional
DEMATEL method. Comparisons between these two methods are presented in Table 6.
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Table 6. The results of CVS problem under different methods

Evaluation Net-Group Degree of importance
Net causer: Cj, Cs, Cs, C7, Cs, Co>C3>Cip>Cs>Cr>Ci3>Cr>Cs >
DEMATEL Cio, Ci2, Ci3 Ci1>Cs>C2>Cr2> Cs

Net receiver:Cz, Cy, Cs, Co, Cis
Net causer: Cs, C7, Cs, Cio, Ci1,
Fuzzy DEMATEL Ciz, Ci3
Net receiver:Ci, Cz, C3, Cy, Cs,
Co

Co>C3>Ciop> Cy>Ci3>C7>Ci1>Cs
>C1>Cs>C2>C2>Cs

Based on Table 6, it can be seen that the two MCDM methods; DEMATEL and fuzzy DEMATEL
method yield almost consistent result. They differ in four criteria; CI, C7, C13 and C1] with different
position in term of degree importance of criteria. Also, three criteria; C/, C3 and C/1 are not in the same
net-group. However, it is better to note that the results of both methods reveal that C9 is the most
important criteria and C6 is the least important criteria.

6. Conclusion

Fuzzy DEMATEL was introduced to handle uncertainty in linguistic evaluation of multi-criteria
decision making problem. This study applied the fuzzy DEMATEL method in order to solve the problem
of computer vendor selection in fuzzy environmental segmentation. We used both linguistic variables
and a fuzzy aggregation method by CFCS method in fuzzy DEMATEL,; hence it can effectively avoid
vague and imprecise judgments. Besides, this method can successfully divide criteria into cause and
effect groups through a causal diagram, thus the complexity of problem is easier to be deal and profound
decisions can be made.

The results of this study indicate that order frequency (C9) is the most important criteria in VS
followed by quality assurance (C3), responsiveness (C10), price performance value (C4). This study
finding is consistent with the past research where the top three weights ranking of criteria in VS are price,
quality performance and purchase order reactiveness [33]. At the end of this finding, it can be concluded
that design capability, (C13) is the key criteria influencing computer vendor selection.

Nonetheless, this study is subjected to some limitations. First, the shortage of DMs to ensure the
validity of the research, future research should conduct with more DMs to achieve better exploration.
Second, it is believed that setting a threshold value for fuzzy DEMATEL will give a better finding and
network relationship map can be obtained successfully.
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