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Abstract

Knowledge management (KM) systems can provide businesses a wide range of advantages and efficiency
improvements. Increasing competition forces companies to seek new ways to streamline their processes
and manage their information and knowledge better, leading to increased demand for KM solutions.
Considering various needs of organizations and diverse features of available KM alternatives, choosing
the most suitable KM tool is an important decision for businesses. The contribution of this paper to
the KM literature is a KM evaluation framework for decision makers to compare available KM products
of different vendors by first identifying relevant evaluation criteria and then proposing a group decision
making framework using the Interval Type-2 TOPSIS technique. This method has more flexibility in
handling uncertainties compared to the Type-1 fuzzy sets and enables decision makers to effectively
analyze, compare and select the most appropriate KM tools. The framework is also used in a case study
for the sake of demonstrating its potential in businesses.

Keywords: Interval Type-2 fuzzy sets, Fuzzy multiple attributes group decision making, TOPSIS, KM
tools selection

to create, store, retrieve, transfer and apply knowl-

Successful knowledge management (KM) can sup-
port businesses in obtaining sustainable competitive
advantage for businesses ">3*3. This raises inter-
est of industry managers and academicians. KM
tools are information technology (IT) based systems
which support and improve those processes that aim

edge ©. These tools do not only enable businesses to
transfer knowledge to its departments, but also in-
tegrate many knowledge processes for solving busi-
ness problems as an organizational information sys-
tem 7%, Furthermore, KM tools promote and facil-
itate knowledge processes in decision-making and
can be used as enablers in supply chain management
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for connecting an enterprise with its customers and
suppliers 1011,

There exist various KM software that have spe-
cific functionalities that suit different needs of orga-
nizations, requiring companies to reach a decision
in selecting the most appropriate software solution
among many in the market. Taking the significant
amounts of financial investment as well as the po-
tential risks and benefits into account, selection of a
suitable KM tool represents an important corporate
decision '2. On the other hand, there are many KM
system alternatives and each alternative can affect
different stakeholders within a company. Consider-
ing the overall complexity of business activities and
resource limitations, finding the most suitable KM
tool is a difficult and time intensive task. Because of
these challenges, the selection of a suitable KM is
a decision making problem that is not fully defined
yet.

When selecting the most suitable KM software,
there are many criteria to consider and different de-
cision makers (DMs) to consult. This adds up to the
complexity of the solution process and necessitates
a sound, systematic approach for critically assess-
ing available KM tool alternatives and identifying
the most suitable one. The aim is not only to choose
the best alternative among many, but also to decrease
the time and effort used for taking the decision and
for building consensus among DMs. Addressing this
research gap 1213:1415,16 this article proposes an as-
sessment framework that can provide a way to effec-
tively evaluate the available KM tool alternatives.

There are many different factors that can come
into question when selecting one tool from many dif-
ferent alternatives. Therefore, a multi criteria anal-
ysis and solution approach can be followed for this
KM tool evaluation problem. There are many use-
ful multi criteria decision making (MCDM) methods
available to decision makers, with their advantages
and drawbacks. This paper uses a decision frame-
work which makes use of the Interval Type-2 fuzzy
TOPSIS method. As expert opinions constitute a
significant and integral component of this process,
fuzzy data will need to be evaluated. To deal with
uncertainty in alternative selection and to overcome
the vagueness limitations of MCDM methods, var-

ious authors utilized fuzzy sets !”. Ordinary fuzzy
sets (type-1) '® can cover uncertainties of linguis-
tic words to some extent. However, Interval Type-2
fuzzy sets !° are preferable for gaining more degrees
of freedom for handling the unavoidable fuzziness
and uncertainty of real world conditions 2%:2!,

During this study, the focus is about the anal-
ysis of KM tools using a fuzzy framework. The
study differs from the literature of KM tools as it
uses a MCDM technique with Interval Type-2 fuzzy
sets. Therefore, the analysis can better handle the
uncertainty and encompass the fuzzy decision in the
case of KM. Even if similar management tools are
studied with Type-1 fuzzy sets, there is no study
about the selection of KM tools by applying Inter-
val Type-2 fuzzy sets. In order to highlight the ro-
bustness of our framework, the selection problem is
also resolved with the Type-1 fuzzy sets and crisp
approach. The motivation of our analysis is guided
by the literature review where the selection prob-
lem of KM tools represent high uncertainty and crit-
ical availability. Furthermore, our analysis denotes a
quantitative contribution to the KM problem by in-
dicating how this problem might be dealt with high
uncertainty to select the appropriate software envi-
ronment.

The article is structured in the following order;
Section 2 introduces the proposed valuation frame-
work and right after that in Section 3 algebraic op-
erations of Interval Type-2 fuzzy sets and their rank-
ing are given. Section 4 presents the computa-
tional steps of the proposed methodology using the
method called Interval Type-2 fuzzy TOPSIS. Fol-
lowing that, Section 5 applies the framework on a
KM tool selection case for a private company in
Turkey. As the final part, Section 6 discusses the
results and provides the concluding remarks.

2. KM tools evaluation framework

2.1. Literature Survey of KM tools evaluation

KM tools in the software market have different fea-
tures, parallel to improvements in IT and multiple,
changing needs in numerous industries and some-
times conflicting objectives. From a business per-
spective, the proliferation of a high number of soft-
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ware systems furthermore complicates the decision
making procedure. Influencing factors complicating
the tasks of DMs can be summarized as below:

« Users with insufficient experience.

 Continuous advancement and improvements in IT.

« Abundance of different commercial KM software
products.

o Possible hardware-software compatibility prob-
lems.

« Functional disparities among software packages.

In related literature about KM tool selection, Ngai
and Chan !> made use of a model based on Ana-
lytic Hierarchy Process (AHP) 27 to support deci-
sion makers in evaluating different alternatives of
KM products and applied the framework on a case
study, underlining that their primary focus was the
framework they proposed. Considering that the se-
lection of an appropriate KM tool inevitably in-
volves subjective evaluation, Liu and Peng '3 used
a fuzzy AHP model in their paper. Biiylikozkan and
Feyzioglu ?® applied a Choquet integral based ag-
gregation methodology to rate KM systems of dif-
ferent vendors. In another article, Yu '# established
an evaluation system that combined a qualitative in-
dex with a quantitative index based on the features
of the KM system of the enterprise, and constructed
an extended evaluation based matter-element model
of the system. Biiyiikozkan et al. !> presented a
fuzzy VIKOR method which used fuzzy logic as
well as group decision making approaches to handle
the vagueness and granularity of linguistic expres-
sions. In order to support the evaluation and selec-
tion of KM systems from the users perspective, Li
et al 19, recently used an MCDM approach which
combines quality function deployment (QFD) with
TOPSIS in intuitionistic fuzzy environment.

Until recently, Type-1 fuzzy logic was used more
frequently in research papers. However, related lit-
erature is witnessing a surge in the use of Type-2
fuzzy logic 2°. Type-1 fuzzy set is based on the
assumption of certainty in the membership func-
tion definitions. On the other hand, the membership
functions of Type-2 fuzzy sets have 3 dimensions
and do take uncertainty into account. This added
third dimension and the footprint of uncertainty are

two novelties of Type-2 fuzzy sets which represent
new degrees of freedom, enabling direct modeling
and handling uncertainties. Considering that human
decisions and expressions involve uncertainty, type-
2 fuzzy sets present a more suitable approach for
handling the subjectivity and the membership im-
precision of model. Therefore, this paper uses a de-
cision framework that is based on the technique of
Interval Type-2 fuzzy TOPSIS. This is original be-
cause there is no other research combining the Inter-
val Type-2 fuzzy and TOPSIS methods for evaluat-
ing software alternatives or KM tool selection prob-
lems.

2.2. KM tools evaluation criteria

The evaluation criteria are determined based on var-
ious information sources, including product brief-
ings, software demos, vendor surveys and a careful
literature study 216:28,30.31,33.3435 " 1 order to en-
sure that the identified criteria are sufficiently well
formulated and properly understood, the topic is dis-
cussed with DMs and the criteria are validated by
external professional experts (KM consultants and
vendors themselves). The following criteria are de-
termined for the KM tool evaluation:

o Software enhancement possibilities (Cl1): KM
tools are an integral part of other applications used
in IT systems of a company. Therefore, interface
with exchange servers, project reports, Enterprise
Resource Planning and finance systems or their
relevant parameters need to be flexible enough. A
KM tool should be able to allow new functions
that are developed from scratch and provide a plat-
form where additional development can easily be
made.

o Compliance with company standards (C2): In a
global company working in several geographic lo-
cations, a wide range of products are needed. Iso-
lated, local solutions can lead to complexities and
even disorders in terms of application integration
and reporting, leading to time consumption, ineffi-
ciency and additional cost. Standardization of IT
applications can provide benefits in this respect,
where the software complies with the standards of
the company.
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o Document management (C3): Knowledge orga-
nizations embed big volumes of data into docu-
ments, which can increase productivity if docu-
ments are managed effectively. Proper document
management systems need to include features like
exhaustive authorization options, alerts, handy
searching mechanisms, discussions and version-
ing for documents, beside others.

e Collaboration (C4): Collaboration is one of the
fundamental evaluation criteria of KM tools, as
it can leverage implicit knowledge. Teamwork,
communication within teams, and collaborative
solutions produce a considerable proportion of
knowledge assets. Furthermore, collaboration is
an important component for an e-business (the
other two components being information and
commerce).

e Portal functions (C5): Portals are user-friendly
entry points into the corporate knowledge domain
of a company. Portals are expected to be user
friendly and customizable for users, and are ex-
pected to have the capability for using several
carefully selected applications with a single sign-
in.

o Workflow facilities (C6): In a business, workflow
management connects management of documents
with the management of processes, where work-
flow facilities are expected to hasten the flow of
documents through the internal processes. The
path a document travels within a company is de-
fined and responsibilities and actions on the docu-
ment are described, such as rejection and approval
functions and the person in charge of that func-
tion.

o User Friendliness (C7): Integration of KM prod-
ucts can have change management dimensions in
an organization. A KM system that is not user
friendly can delay its adoption, lead to internal re-
sistance and ultimately to inefficiency. Such diffi-
culties may even prevent project teams from suc-
cessfully implement the KM system, causing ad-
ditional challenges. Clearly, a user friendly KM
system will be more easily accepted within an or-
ganizations across departments.

o Purchasing costs (C8): Similar to many other de-
cision making problems, purchase decisions are

largely affected by the up-front costs such as KM
software purchasing, setting up and training.

o Operating costs (C9): Operating costs are defined
as running costs needed for continuing everyday
operations of a KM tool.

o Vendor performance (C10): Vendors are business
partners who are expected to ensure a certain level
of service quality and support provided to cus-
tomers. Vendors with sufficient expertise and ex-
perience with the KM will give customers more
confidence. The stability of the vendor is another
important dimension, where its financial status,
scale and local support level should not be ne-
glected.

3. The Ranking Values and the Arithmetic
Operations of Interval Type-2 Fuzzy Sets

The definitions and operations on Type-2 fuzzy sets
has to be given in order to be more luminous about
the trapezoidal Interval Type-2 fuzzy numbers . The
definitions in the study of Chen and Lee >* are taken
in this study for their clarity. Moreover, the ranking
method derived from the article of Wu and Mendel
36 js used in the proposed study because of its appro-
priateness and accuracy.

Let A be a Type-1 trapezoidal fuzzy set, A =
(a1,a2,a3,a4;H1(A),Hy(A)), where H (A) states the
membership value of the element ay; Hy(A) states
the membership value of the element a3; 0 <
H(A) < 1and 0 < Hy(A) < 1. As Mendel et al. 2
defined; a Type-2 fuzzy set A in the universe of dis-
course X can be displayed by a Type-2 membership
function shown u;‘, as follows:

A= { ((x,u) i (x,u)) IV € X,Vu € A, C [0, 1}}

)
where J; denotes an interval in [0,1]. The Type-2
fuzzy set A also can be interpreted as follows:

A= /xEX ucJy ‘ug (X? u)/(x7 u) (2)

where Ay C [0,1] and [ [ states the union over all

admissible x and u. And additionally they called A
as an Interval Type-2 fuzzy set if all e (x,u) =1
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20 An Interval Type-2 fuzzy set A can be consid-
ered as a special case of a Type-2 fuzzy set, shown

as follows:
::/ / 1/(x,u) (3)
xeX Ju€eA,

where A, C [0, 1]. Chen and Lee 2* adopted the def-
inition of upper and lower membership functions of
an Interval Type-2 fuzzy sets to the trapezoidal In-
terval Type-2 fuzzy set as follows;

Ai = (AfijlL) = ((a117a127 ,3aa,4aHl(A ) HZ(A ))
(afi, @z, ajs, @ Hi (A7), Ha (AT ))

“)
where H;(AY) states the membership value of the
element alé ) in the upper trapezoidal membership
function AY, 1 < j <2, H; (AL) denotes the mem-
bership Value of the element a( ) in the lower

j+1
trapezoidal membership function A, 1 < j < 2,
H(AY) € [0,1), Fa(AV) € [0,1), Hi(AL) € o
Hy(AF) €]0,1],and 1 <i < n.

Let A be an Interval Type-2 fuzzy set A=
(AY,AL) in the universe of discourse X. If AV = AL,

then the Interval Type-2 fuzzy set A turns into a

Type-1 fuzzy set. LetAbea Type-1 fuzzy set, where

A = (a1,a2,a3,a4;H; (A),H>(A)). Then, the Type-1

fuzzy set A also can be extended into the Interval
Type-2 fuzzy set representation, i.e.,

1? ((a1 az,ag,a4,H1(A)

2(A

Hy(4)),
D). >

3.1. Arithmetic operations on trapezoidal

Cl2,613,a4,H1( )

Interval Type-2 fuzzy sets

The arithmetic operations that are quoted from Lee
and Chen 37 between trapezoidal Interval Type-2
fuzzy sets will be reviewed in this subsection. Let us
assume two trapezoidal Interval Type-2 fuzzy sets as
follows:

A, = (AY,AT) = ((a lle 12 6’13>“14’H1(Al1])7H2(~l1]))’
( alz,a13,al4,H1(A ), H. (

Ay = (AY,A5) = ((aglﬂagzva%laszl (AY),Hy(AY)),
(a5, a5, a5, a5, Hi (AS), Hy (AY)

The addition, subtraction, and multiplication opera-
tions between two trapezoidal Interval Type-2 fuzzy

sets A; and A, and operation between the trapezoidal

Interval Type-2 fuzzy set A; and the crisp value k are
depicted in the following equations:

Aj@A; = (AU AL) P (A2U7A§) =

((“11 +ad),af +“227‘113 ‘H‘%vf’ﬂ +a§’4~;
in 1, A0, (A3) ). min 1 ), (A1),
((afy + a5y, at, + a5y, af; +aby, afy + ajy;
min(H (A1), Hy (A5),min(Ha (A% Ha (AD))

(8)
Al ®A2 = (A?>A~1L) ® (A2U7A%) =
((af) x agl ,at Xflgya% X a%,aﬂ X aby;
min(H (AY), H, (Ag)) mm(Hz(A ) Hz(AU))
((afy x “517“%2 ><~0227an . 0237014 X aby;
min(Hi(A}), Hi(A%)), min(Ha(AT), Ha(A%)) .
&)
kA = (kxall kxalz,kxal3,k><a14 Hi(AY),H,(AY)),
(kx aky k x aky k x aky k x aby Hy (AY), H f ). w0

3.2. Ranking of trapezoidal Interval Type-2 fuzzy
sets

A centroid based ranking method developed by Wu
and Mendel 3¢ will be used as a ranking operation
in this study. Unlike the work of Chen and Lee 24,
this method is preferred because it is more efficient
and easy to understand. The ranking method can be
viewed as a generalization of Yager’s first ranking
method for Type-1 fuzzy sets 3 to Interval Type-2
fuzzy sets.

The centroid C(A) of an Interval Type-2 fuzzy
set A is the union of the centroids of all its embed-
ded Type-1 fuzzy sets, A,, i.e.,

o(d) =JclAe) = [a(A),e,(A)],  AD)
VA,
where | is is the union operation, and
ci(A) = rg/gl c(A,), (12)
cr(A) = Ilgjlx c(Ae), (13)
Y xipta, (%)
Ae) = 79, 14
=Y () ”

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

816



G. Biiyiikozkan et al. / Evaluation of Knowledge Management Tools

In addition ¢;(A) and ¢, (A) can be expressed as:

Vi X () + X il (i)
Y i Oa) + XN )

c(A) = (15)

c(A) = Z’R:lx’ﬂxi (x1) + L1 Xill5 (%1)
, o500+ T A )

Switch points L and R, as well as ¢;(A) and ¢,(A),

are computed by iterative KM algorithms.
Centroid-based ranking method: First compute

the average centroid for each Interval Type-2 fuzzy

set Ai’

, (16)

Cl(Ai) + Cr<A~i)

e(A) = ==

Li=1,...,.N  (17)

and then sort c(;l,') to obtain the rank of A;.

4. Interval Type-2 Fuzzy TOPSIS Method in a
Group Decision Making Setting

4.1. Literature survey of Type-2 Methods

A technique that is often applied in MCDM is
“Technique for Order Preference by Similarity to
Ideal Solution” (TOPSIS) 22. It is an efficient
methodology that is able to provide decision mak-
ers with an indisputable preference order 2. The
hybrid decision making framework proposed in this
article has the benefit of making use of the advan-
tages of both TOPSIS and Type-2 fuzzy set methods
24, Recently, Chatterjee and Kar *°> combined these
methods to evaluate the risky nature of six financial
institutions of supply chain management. Moreover,
Celik et al. > made use of these methods to assess
and improve passenger satisfaction in the systems of
public transportation. Interval Type-2 fuzzy TOP-
SIS method is first familiarized by Chen and Lee 24.
Our study utilizes a modified version of this Interval
Type-2 TOPSIS method.

Although it is a hot topic, there are relatively few
studies. The service quality of public transporta-
tion systems in Istanbul are discussed with the opin-
ions of the passengers by Celik et al. *%. They as-
sessed the satisfaction levels of passengers of Istan-
bul’s public transportation system first with a ques-
tionnaire and then with statistical methods. For these

purposes, the Interval Type-2 fuzzy technique has
been used in conjuction with TOPSIS and GRA
methods. In another paper, Cebi and Otay * in-
troduced the application of fuzzy TOPSIS method
with Interval Type-2 fuzzy sets on a facility loca-
tion selection problem for a cement factory. Chen et
al. 4! extended the QUALIFLEX method for deal-
ing with MCDM problems in an Interval Type-2 en-
vironment. The quoted study explicated the con-
venience and practicability of the presented tech-
niques for a medical (acute inflammatory demyeli-
nating disease) MCDM problem. The validity of the
proposed model is then verified with the help of a
comparative analysis using another outranking tech-
nique. Celik et al. *? discussed the improvement of
satisfaction levels in the municipal rail transit net-
work of Istanbul city. In their article, the authors
evaluated customer satisfaction level with VIKOR
method. Another interesting study +* integrated the
techniques of GRA, interval-valued fuzzy sets and
VIKOR for the sake of evaluating the service qual-
ity of a Chinese cross-strait airlines company, with
the help of passenger questionnaires.

A Type-2 fuzzy sets extended fuzzy analytic hi-
erarchy process was developed by Kahraman et al.
4 They applied their advanced model to a sup-
plier selection problem. Ghorabaee et al. *° offered
another multi criteria model with Interval Type-2
sets integrated fuzzy COPRAS method in the selec-
tion process of suppliers. An extension of MULTI-
MOORA method, another MCDM technique by In-
terval Type-2 fuzzy sets was provided by BaleZentis
and Zeng *0 for a personnel selection problem. Chen
47 developed an extension of ELECTRE method
with Type-2 fuzzy sets and presented the signed
distance-based hybrid averaging operation for form-
ing the collective decision matrix. The author ap-
plied the presented method to a worked out supplier
selection problem. In another paper, Chen *° again
used the Interval Type-2 fuzzy set technique, which
is less precise and more ambiguous version, com-
pared to ordinary fuzzy sets. In that article, the ob-
jective importance criteria weights and fuzzy group
MCDM problems are determined with a signed-
distance-based method in a successful and resilient
way.
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These studies are summarized in Table 1. Conse-
quently, the use of Interval Type-2 trapezoidal fuzzy
numbers shows the benefits to represent alternative
scores and the significance of miscellaneous criteria
in MCDM.

4.2. Method

This paper will use an Interval Type-2 TOPSIS tech-
nique, which is a modified version of the method
proposed by Chen and Lee?*. The steps of the ap-
plied approach are as follows: Step 1: Form a group
of experts with kK members and set the alternatives
and evaluation criteria. Step 2: Establish the evalu-
ation matrix by determining the linguistic variables
for weighting criteria and the linguistic ratings for
the alternatives as given in Table 2.

Step 3: Build the decision matrix ¥, of the pth
decision-maker produced from Table 2 and con-
stitute the average decision matrix Y, respectively,
shown as follows:

xl x2 oo xn

=p =p =

fi f11 f12 [1n

Y= (F)min = 2 le fzz Fon

ll

o 7o

Y= (fij)mxn

Im

3
K]

(18)
(19)

=zl =2

where f; ; (]M) fi ; is an Interval Type-2
fuzzy set, 1 <i<m, 1 <j<n 1 <p<kandk
represents the number of decision-makers. Step 4 :
Constitute the weighting matrix W), of the attributes
of the pth decision-maker and constitute the average
weighting matrix W, respectively, shown as follows:

f fz I
Wo =W )ixm=[W] W5 - W] (20)
W= (Wi)1xm (21)
VW, @ B,

L), w; is an Interval Type-
m, 1<j<n 1<p<kand

k denotes the number of decision-makers. Step 5 :
Constitute the weighted decision matrix Y,

X X o X,
i [y vz - Vg
Yo=Gijman= 2 |V21 2 Van
fm ‘:}ml i~~)mZ f’mn
3 (22)
where \:/ij:@ij@fij, 1<i<m,1<j<n. Step6:

Based on Eq. 17 obtained from Wu and Mendel 3,
calculate the ranking value Rank(v;;) of the Interval
Type-2 fuzzy set v;;, where 1 < j < n.

Then construct the ranking weighted decision
matrix Y, :

Y*W = (Rank(f"ij))mxn (23)
where 1 <i<m, 1 < j<n Step 7 : Determine
the positive ideal solutlon xt=({,vy,...,v)) and
the negative-ideal solution x~ = (v ,v,,...,v;,),
where:

Rank(v if ;€ F
vt = moax {Rank(vij)}, it fi € i (24)
' Rank (¥ ifneF
1r<nJ1£1n{ ank(vij)}, ifneF,
and
. 1I<n}2n {Rank(v;;)}, if f; € F, 05
' max {Rank(v;;)}, ifnecF,
1<j<n

where F; denotes the set of benefit attributes, F;, de-
notes the set of cost attributes, and 1 <i<m. Step 8
: Compute the distance d* (x;) between each alter-
native x; and the positive ideal solution x™, shown
as follows:

d*(x;) = \/i(Rank(\;}ij) —vh)? (26)

where 1 < j < n. Compute the distance d~ (x;) be-
tween each alternative x; and the negative ideal so-
lution x~, shown as follows:

d”(xj) = \/ i{(Ra”k(‘:’ij) -v)r @D

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

818



G. Biiyiikozkan et al. / Evaluation of Knowledge Management Tools

Table 1: Summary of recent researches on MCDM studies using Interval Type-2 fuzzy sets.

Researchers

Used methods

Focus area

(BaleZentis & Zeng, 2013)%

Fuzzy MULTIMOORA using
Interval Type-2 fuzzy sets

Personnel selection; an extension
to a crisp MULTIMOORE method.

(Cebi 2015)

Fuzzy TOPSIS using
Interval Type-2 fuzzy sets

Facility location selection problem

(Celik, Bilisik, Erdogan,
Gumus & Baracli, 2013)20

Fuzzy TOPSIS and GRA using
Interval Type-2 fuzzy sets

Evaluation of public transportation
and customers satisfaction

(Celik, Aydin & Gumus, 2014)%

Fuzzy VIKOR using Interval
Type-2 fuzzy sets

Evaluate customer satisfaction level for
the rail transit network

(Chen, Chang & Lu, 2013)*

Fuzzy QUALIFLEX using Interval
Type-2 fuzzy sets

Medical decision-making problem;
an extension to a traditional
QUALIFLEX method

(Chen, 2014)¥7

Fuzzy ELECTRE using Interval
Type-2 fuzzy sets

Supplier selection problem

(Chen & Lee, 2010)%

Fuzzy TOPSIS using Interval
Type-2 fuzzy sets

Evaluation of the cars

(Ghorabaee, Amiri,
Sadaghiani & Goodarzi, 2014)*

Fuzzy COPRAS using Interval
Type-2 fuzzy sets

Supplier selection problem

(Kahraman, Oztaysi, Sar1
& E. Turanoglu, 2014)*.

Fuzzy AHP using Interval
Type-2 fuzzy sets

Supplier selection problem

(Kuo, 2011)%.

Fuzzy VIKOR and GRA

Evaluation of service quality of Chinese

using Interval Type-2 fuzzy sets

cross-strait passenger airlines

(Naim & Hagras, 2014)%T.

Fuzzy TOPSIS using
Interval Type-2 fuzzy sets

[lumination selection in an intelligent
shared environment

where 1 < j < n. Step 9 : Compute the relative de-
gree of closeness C(x;) of x; with respect to the pos-
itive ideal solution x*, shown as follows:

d=(x;)
o) = i)+ d )

(28)

where 1 < j <n. Step 10 : Rank the values of C(x;)
in a descending sequence, where 1 < j < n. The
larger the value of C(x;), the higher the preference
of alternative x;, where 1 < j < n. Our approach is
depicted in Figure 1.

Figure 2 represents the Interval Type-2 linguistic
variables of our case study.

5. A case study: Evaluation of KM tools
alternatives

In this real case, the DMs of ABC Company! an in-
ternational firm’s Turkish branch, are assisted by the
proposed evaluation framework in deciding which

T#To provide anonymity, we name this company as Company ABC.

KM product to purchase. ABC Company offers
knowledge-based products, systems and solutions,
giving internal KM extraordinary importance. ABC
Company’s business model is IT-driven. Therefore,
knowledge and its effective management is of ut-
most importance. There are also other good rea-
sons why ABC Company is looking for a suitable
KM product. ABC Company is a global firm and
its employees share information by means of var-
ious methods besides face to face communication.
KM tools involve technology enabled repositories
and sharing networks which can help ABC Com-
pany to overcome geographical barriers. Chang-
ing customer expectations and new market offerings
present another motivation for the lookout for a KM
solution. Based on these reasonings, ABC Company
decided to implement a KM system internally so that
its staff can easily access and manage its corporate
knowledge and gain experience.

Step 1: The selection of the most suitable KM
tool is done by five professionals (DMs) within ABC

Co-published by Atlantis Press and Taylor & Francis
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Generate a committee of experts
Determine the alternatives
Set the evaluation criteria

|

Establish the decision matrix Y, of the pth
decision maker derived from Table 2

Construct the average decision matrix ¥

Establish the weighting matrix W), of the pth decision maker
Construct the average weighting matrix W

Compute the weighted decision matrix Y,

Calculate the ranking value Rank(v;;)
Compute the ranked weighted decision matrix Y,

Determine the positive ideal solution x* = (v{",v5,...,v})

the negative ideal solution x™ = (v ,v5,...,Vv;,)

Compute the distances d* (x;) and d~ (x;) between each alternative x; and
the positive and negative ideal solutions; x*, x~, respectively

Calculate the relative degree of closeness C(x;) of x; through x™

Sort the values C(x;)
Find the high value of C(x;)
Set the best alternative

Figure 1: Flowchart of the proposed method.
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Table 2: Linguistic terms and their corresponding Interval Type-2 fuzzy sets.

Linguistic terms for
the weights of the attributes

Linguistic terms
for the ratings

Interval Type-2 fuzzy sets

Very Low (VL) Very Poor (VP)
Low (L) Fairly Poor (FP)
Medium Low (ML) Poor (P)
Medium (M) Moderate (M)
Medium High (MH) Good (G)
High (H) Fairly Good (FG)
Very High (VH) Very Good (VG)

((0,0,0,0.1; 1, 1), (0, 0, 0, 0.05; 0.9, 0.9))

((0,0.1,0.1,0.3; 1, 1), (0.05, 0.1, 0.1, 0.2; 0.9, 0.9))
((0.1,0.3,0.3,0.5; 1, 1), (0.2, 0.3, 0.3, 0.4; 0.9, 0.9))
((0.3,0.5,0.5,0.7; 1, 1), (0.4, 0.5, 0.5, 0.6; 0.9, 0.9))
((0.5,0.7,0.7,0.9; 1, 1), (0.6, 0.7, 0.7, 0.8; 0.9, 0.9))
((0.7,0.9,0.9,1; 1, 1), (0.8, 0.9, 0.9, 0.95; 0.9,0.9))

((09,1,1,15 1, 1), (0.95, 1, 1,1; 0.9, 0.9))

05

04f-

DE ..... .....

[ Footprint of Uncertanity
: Trapezoidal Fuzzy Membership Function
1 I I I

s i i i i
0 0.1 0z 0.3 0.4

0s

06 B 0.8 0s 1

Figure 2: Representation of Interval Type-2 linguistic variables.

Company. The composition of the decision commit-
tee is as the following. One member is a top man-
ager because the top managers’ active involvement
in the KM system adoption process greatly increases
its success. Two members are chosen from the IT
department based on their experience in corporate
change management projects. The other two deci-
sion makers are senior managers of the company,
who are potential users of the KM tools in future.

Step 2: The KM system selection requires the
committee to select a product among others that
matches well with the internal needs and require-
ments. The selected KM system shall also be in

line with corporate guidelines and IT architecture,
leaving the committee with the following alterna-
tives: IntelliEnterprise by Adenin Technologies (al-
ternative a;), SharePoint by Microsoft (alternative
ap) and Oracle Beehive by Oracle (alternative a3).
The evaluation criteria are determined as it is sum-
marized in Table 2.

Step 3: Firstly, we start to build up three deci-
sion matrices Y;, Y» and Y3 for three alternatives a;,
ap and a3, respectively. Afterwards, we compute the
average decision matrix ¥ in order to have the cor-

Co-published by Atlantis Press and Taylor & Francis
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responding Type-2 representations as follows;

0.38,0.58,0.7,0.78, 1, 1), (0.48,0.58,0.68,0.68,0.9,0.9)),
0.04,0.16,0.16,0.34,1,1),(0.1,0.16,0.16,0.34,0.9,0.9)),
0.46,0.66,0.74,0.84, 1, 1), (0.56,0.66,0.74,0.75,0.9,0.9))
0.82,0.94,0.94,0.98,1,1),(0.88,0.94,0.96,0.96,0.9,0.9))
0.02,0.08,0.08,0.22, 1, 1), (0.05,0.08,0.08,0.42,0.9,0.9)),
) ( )

)

55 =
Il

)

RN

0.02,0.08,0.08,0.22,1,1),(0.05,0.08,0.08,0.42,0.9,0.9

5

(

(

(

(

(

(
(0.46,0.66,0.74,0.84,1,1),(0.56,0.66,0.74,0.75,0.9,0.9
(0,0.04,0.04,0.18, 1,1), (0.02,0.04,0.04,0.38,0.9,0.9)),
(0.46,0.66,0.74,0.84,1,1),(0.56,0.66,0.74,0.75,0.9,0.9)),
(0.58,0.76,0.8,0.9,1,1), (0.67,0.76,0.82,0.83,0.9,0.9)),
(0,0.06,0.06,0.22, 1, 1), (0.03,0.06,0.06,0.32,0.9,0.9)),
(0.42,0.62,0.7,0.82, 1,1), (0.52,0.62,0.72,0.72,0.9,0.9)),
(0.04,0.16,0.16,0.34,1,1),(0.1,0.16,0.16,0.34,0.9,0.9)),
(0.46,0.66,0.74,0.84,1,1),(0.56,0.66,0.74,0.75,0.9,0.9)),
(0.38,0.58,0.62,0.78,1,1), (0.48,0.58,0.66,0.68,0.9,0.9)),
(0.24,0.42,0.5,0.62,1,1),(0.33,0.42,0.48,0.52,0.9,0.9)),
(
(
(
(
(
(
(
(
(
(
(
(
(
(

»—- b) I\) L'J N »—
Il il H [

0.26,0.46,0.54,0.66, 1, 1), (0.36,0.46,0.52,0.56,0.9,0.9)),
0.46,0.66,0.74,0.84, 1, 1), (0.56,0.66,0.74,0.75,0.9,0.9)),
0.06,0.22,0.22,0.42, 1, 1), (0.14,0.22,0.22,0.32,0.9,0.9)),
0.58,0.76,0.8,0.9,1,1),(0.67,0.76,0.82,0.83,0.9,0.9)),
0.2,0.38,0.42,0.58, 1, 1), (0.29,0.38,0.42,0.48,0.9,0.9)),
0.74,0.88,0.88,0.96, 1, 1), (0.81,0.88,0.92,0.92,0.9,0.9)),
0.04,0.14,0.14,0.3,1,1),(0.09,0.14,0.14,0.4,0.9,0.9)),
0.06,0.2,0.2,0.38,1,1),(0.13,0.2,0.2,0.38,0.9,0.9)),
0.46,0.66,0.74,0.84,1, 1), (0.56,0.66,0.74,0.75,0.9,0.9)),
0.18,0.32,0.32,0.48, 1,1), (0.25,0.32,0.32,0.49,0.9,0.9)),
0.38,0.58,0.7,0.78,1,1), (0.48,0.58,0.68,0.68,0.9,0.9)
(0.42,0.62,0.7,0.82, 1,1, (0.52,0.62,0.72,0.72,0.9,0.9
(0.58,0.76,0.8,0.9, 1,1), (0.67,0.76,0.82,0.83,0.9,0.9)
(0.04,0.14,0.14,0.3, 1, 1), (0.09,0.14,0.14,0.4,0.9,0.9)

.oJ I\) r—‘ LA I\) .o) I\) >_‘
H L | I T | H I

38
o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ —~

]

)
);
)
)

\u\u\su\u\su\n\u\u\u\mx\u\mx\w\mx\ﬁu\u\su\n\sn\nNn\n*ﬁn*ﬁn*ﬁn\n*ﬁn\u*ﬁu\n
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Step 4: We calculate the average weighting ma-

trix W = [W1W2W3W4W5W6W7W3W9W10] where

00.060.060.2211), (0.030.060.060.320.90.9)),
0.82,0.96,0.96,1,1,1),(0.89,0.96,0.96,0.98,0.9,0.9)),
0.62,0.82,0.86,0.94, 1.1),(0.72,0.82,0.84,0.88,0.9,0.9)),
0.32,0.5,0.62,0.68,1, 1), (0.41,0.5,0.56,0.59,0.9,0.9)),
0.38.0.58,0.74,0.76, 1, 1), (0.48,0.58,0.66,0.67,0.9,0.9)),
0,0.02,0.02,0.14,1,1),(0.01,0.02,0.02,0.44,0.9,0.9)),
0.46,0.66,0.78,0.82, 1, 1), (0.56,0.66,0.72,0.74,0.9,0.9)),
0.2,0.34,0.38,0.52,1,1),(0.27,0.34,0.36,0.43,0.9,0.9)),
0.46,0.66,0.78,0.82,1,1), (0.56,0.66,0.72,0.74,0.9,0.9)),
— ((0.82,0.96,0.96, 1, 1.1),(0.89,0.96,0.96,0.98,0.9,0.9))

)
1
(
1
1)
1

o e ettt

Step 5: We compute the weighted decision ma-
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\<uVu'\<u'\<u'vu'\<n\<n'\<n\(u'\<u'\<u'vu'\<uVn'\<n\<u\<n'\<u'vu'\<uVn'\<n\<u'\<u'\<u\<u'\<u'\éu'\<n\€n

trix Yw;

0,0.03,0.04,0.17,1,1)
0,0.01,0.01,0.07,1,1),
0,0.04,0.04,0.18, 1, 1),
0.67,0.90,0.90,0.98,
0.02,0.08,0.08,0.22,
0.02,0.08,0.08,0.22,
0.28,0.54,0.64,0.79,

.010.030.040.220.90.9)),

)

)

)

1
1
1,
1

0,0.03,0.03,0.17,1,1),

0.28,0.54,0.64,0.79,1,
0.18,0.38,0.50,0.61,1
0,0.03,0.04,0.15,1,1),
1
1,
1
1
)s
)s
)

)

(
(
(
(
(
(
(
(
(
E
(0.13,0.31,0.43,0.55,
(0.01,0.09,0.12,0.25,
(0.17,0.38,0.55,0.64,
(0.14,0.34,0.46,0.59
(0,0.01,0.01,0.09, 1,
(
(
(
(
(
(
(
(
(
(
(
(
(
(

)

)

)

,0.01,0.01,0.22,0.9,0.9)),
,0.01,0.01,0.24,0.9,0.9)),
0.01,0.01,0.33,0.9,0.9)),

1
0,0.01,0.01,0.09,1,1
0,0.01,0.01,0.12,1,1
0.03,0.14,0.17,0.34,

0.27,0.50,0.62,0.74,

(0
(0
(0
1)
1)
1)
Y
(©
1)
1)
(0.
1)
1)
1)
1)
(0
(©
(0
1)
1)
1)

0.09,0.25,0.32,0.47,
0.15,0.3,0.33,0.5,1,

1
1,

1

1
0.01,0.04,0.05,0.15,1
0.01,0.06,0.07,0.19,1,
1

1

1

1

1

1,

0.21,0.43,0.58,0.68,
0.08,0.21,0.24,0.39,

0.17,0.38,0.54,0.64, 1,
(0.34,0.6,0.67,0.82, 1,
(0.47,0.73,0.76,0.9,
(0.03,0.13,0.13,0.3,

Py

)

=z 8 =
Il

.01,0.01,0.01,0.10,0.9,0.9)),
.02,0.04,0.04,0.24,0.9,0.9)),
,(0.78,0.90,0.92,0.94,0.9,0.9)),
,(0.04,0.08,0.08,0.42,0.9,0.9
,(0.04,0.08,0.08,0.41,0.9,0.9
,(0.40,0.54,0.62,0.66,0.9,0.9
.01,0.03,0.03,0.34,0.9,0.9)),
,(0.40,0.54,0.62,0.66,0.9,0.9)),
,(0.27,0.38,0.46,0.49,0.9,0.9)),
01,0.03,0.03,0.19,0.9,0.9)),

(

(

(

(

)

)
))ﬂ
)
)

)

,(0.21,0.31,0.40,0.42,0.9,0.9)),
,(0.05,0.09,0.10,0.22,0.9,0.9)),
,(0.27,0.38,0.49,0.50,0.9,0.9)),
,(0.23,0.34,0.44,0.4,0.9,0.9)),

,(0.08,0.14,0.16,0.24,0.9,0.9)),
,(0.37,0.50,0.59,0.61,0.9,0.9)),
,1),(0.16,0.25,0.30,0.35,0.9,0.9)),
),(0.22,0.3,0.33,0.4,0.9,0.9)),
,1),(0.02,0.04,0.05,0.17,0.9,0.9)),
1),(0.03,0.06,0.07,0.16,0.9,0.9)),
.1),(0.31,0.43,0.53,0.55,0.9,0.9)),
,1),(0.14,0.21,0.23,0.36,0.9,0.9),
1),(0.27,0.38,0.49,0.50,0.9,0.9)),
1),(0.46,0.6,0.69,0.7,0.9,0.9)),
1),(0.6,0.73,0.78,0.81,0.9,0.9)),
,1),(0.08,0.13,0.13,0.39,0.9,0.9)),

Step 6: Firstly, we construct the ranking

a a a3
Software enhancement [ Rank(vyy)  Rank(v12)
Compliance Rank(vy1)  Rank(vp)
Document management Rank(V11)  Rank(v3)
Collaboration facilities Rank(v4;)  Rank(vay)
= Portal functions Rank(Vs;)  Rank(vsy)
Workflow facilities Rank(Ve1)  Rank(vey)
Ease of use Rank(v7;)  Rank(v7,)
Capital expenditure Rank(vg))  Rank(vgy)
Operating expenditure Rank(Ve;)  Rank(vgy)
Vendor reputation LRank(101)  Rank(¥102)

We obtain the following matrix;

ay a az

Software enhancement r0.07 0.03 0.087
Compliance 086 0.12 0.12

Document management 0.55 0.08 0.55

~ Collaboration facilities 041 0.06 0.34
Y, = Portal functions 0.12 042 037
Workflow facilities 0.03 0.04 0.05

Ease of use 0.16 0.52 0.27

Capital expenditure 0.31 0.07 0.09

Operating expenditure 046 023 042
Vendor reputation 0L0.6 0.71 0.17]
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Table 3: Representation of the alternatives by the evaluation of 5 different experts xy,xp,x3,x4 and xs.

X1 X2 X3 X4 X5

Software enhancement rG M M M G
Compliance VG VG VG G VG
Document management FG G M M VG
Collaboration facilities FG VG G G M
Y| = Portal functions FP P P VP FP
Workflow facilities M G M  FP P
Ease of use P FP P FP
Capital expenditure VG VG G VG G
Operating expenditure G G FG M M
Vendor reputation L M G M G G |

Software enhancement
Compliance
Document management
Collaboration facilities
Y3 = Portal functions
Workflow facilities
Ease of use
Capital expenditure
Operating expenditure
Vendor reputation

Secondly, we apply the ranking method proposed
by Chen and Lee?* and obtain the following matrix;

a a as

Software enhancement r4.07 3.89 4.17
Compliance 9 434 434

Document management 7.02 4.09 7.02

B Collaboration facilities 6.13 4.03 576
Y, = Portal functions 438 621 5091

Workflow facilities 393 395 4

Ease of use 464 6.83 533

Capital expenditure 556 4.11 421

Operating expenditure 648 5.06 6.21
Vendor reputation 17.34 8.05 4.61]

Step 7: We start to calculate the positive x™ and
the negative x~ ideal solutions for both methods.

The ideal solutions with the centroid approach
are;

xt =0.08,0.86,0.55,0.4,0.42,0.05,0.52,0.31,0.46,0.71
x+ =0.03,0.12,0.08,0.06,0.12,0.03,0.16,0.07,0.23,0.17

Furthermore, we find the ideal solutions based on
the method Chen and Lee?*;

xt =4.1,9,7.02,6.13,6.21,4,6.83,5.56,6.48,8.05
X~ =3.89,4.34,4.09,4.03,4.38,3.93,4.64,4.11,5.06,4.61

Step 8: In order to sort the results we start to
calculate the distances between each alternative and
both ideal solutions. d = 0.88 d; = 1.44 d =
1.38d, =1.58d,,=1.09d,, =1.17

X1 X2 X3 X4 X5

Software enhancement rp FP P VP  FP]
Compliance VP FP P VP VP
Document management Fp VP FP VP VP
Collaboration facilities FP VP FP FP VP
Y, = Portal functions M G FG M G
Workflow facilities M G P M P
Ease of use FG G G VG M
Capital expenditure VP FP P VP P
Operating expenditure FG Fp VP P P
Vendor reputation LG VG FG M G |
X| X2 X3 X4 X5
™M M FG G G
FP VP VP P VP
G FG G M M
G G M G M
G G P M G
FG G M M G
M G P FP P
P FP P P VP
G M G M M
FP P P VP VP]

Moreover, we repeat the same procedure for the
method of Chen and Lee?* and we find the following
results; df =2.19d, =3.57d; =3.44d, =3.93
d,=273d, =2.89

These values are illustrated in Figure 2. It seems
that our method offers small values for distances.

Step 9: We calculate the degree of closeness of
each alternative C(a;) =0.64 C(a2) =0.42 C(a3) =
0.46

Afterwards, we find the degrees of closeness by
the method of Chen and Lee; C(a;) = 0.64 C(az) =
0.43 C(a3) =0.45

Step 10: Finally, we sort the degrees of close-
ness. For both approaches, we find that C(a;) >
C(a3) > C(az). Consequently, we conclude that a;
is the best choice.

5.1. Comparative analysis and discussion

In this part of our study, the effectiveness of the pro-
posed method is validated with other approaches.
Our seven scale linguistic terms are used to mea-
sure the variations within the KM framework. In this
section, we will compare our proposed method with
Type-2 fuzzy TOPSIS method proposed by Chen
and Lee?*, Type-1 TOPSIS proposed by Chen et al.
8 and classical crisp TOPSIS.
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The first analysis was achieved using the method
of Chen and Lee®*. We applied their developed
Type-2 Fuzzy TOPSIS method to obtain rankings in
KM problem. Two methodologies yielded similar
ranking results, however the positive and negative
distances were different. In our proposed method,
the distances were found to be approximately two
times smaller than Chen and Lee?”.

The second comparative analysis was performed
with the fuzzy TOPSIS method of Chen et al.
48 This pioneering study highlighted an extended
method of classical TOPSIS to study the supplier
selection problem. They started with the use of lin-
guistic variable in order to assess the status of each
supplier through the corresponding closeness coeffi-
cient. Our comparison with this approach concluded
the similar rankings. However, the values of Chen
et al. ®® for the closeness were approximately two
times smaller than our method.

The last comparative analysis concerns the com-
putation of the classical crisp TOPSIS method. We
obtained the similar ranking for the closeness, but
our findings were found to be smaller.

Finally, the proposed Type-2 Fuzzy TOPSIS
method which is based on the centroid method is
found to be consistent in KM framework. All meth-
ods give a; > az > ay for the ranking. As all com-
parative results indicate the validity of our method,
the ranking of the alternatives do not differ, but the
scale of optimum distances might vary. Moreover,
we note that the proposed method provides stable
decisions and does not need additional steps. There-
fore, we might conclude that it is distinguishable
among the existing MCDA applications.

6. Conclusion

The importance of KM tools is increasing within the
realms of corporate world, as competitive business
environment forces businesses to operate more effi-
ciently and effectively. There exist many solutions
for companies seeking KM solutions, however the
question remain which of these solutions fits best to
the specific needs of the organization.

This study proposed a group decision framework
based on the Interval Type-2 fuzzy TOPSIS method

for evaluating and selecting a suitable KM tool. In
order to check the usability of the proposed frame-
work, it is applied in a real case of company. It
should be emphasized that although the proposed
framework is developed for this specific KM tool se-
lection problem, it can also be extended to evaluate
other kinds of software.

In our study, we integrated the new centroid
based ranking method of Wu and Mendel 36 as a new
approach for Interval Type-2 fuzzy TOPSIS analy-
sis. This method considers the centroids of the In-
terval Type-2 fuzzy sets. We preferred to use this
method as it satisfies all Type-2 properties and it
seems to be more feasible in large scale terms with
respect to other methods. It is also notable that
this method provides a robust analysis in compar-
ative studies. Furthermore, we compared our study
with the method proposed by Chen and Lee®*. This
step included the substitution of ranking method of
Wu and Mendel 3. For the following steps, we re-
marked that our approach provided more normal-
ized values. On the other hand, both methods of-
fered same ranking order. Finally, we conclude
the same remark of Wu and Mendel 3® by stating
that our method could be an alternative choice in
Type-2 TOPSIS studies. As future research, the
methodology based on Interval Type-2 fuzzy logic
can be combined with other MCDM techniques on
the problem of KM tool selection, and results can be
compared to the findings of this article.
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