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Abstract

The decision of IT outsourcing in hospi-
tals requires close attention to the evalua-
tion of vendor selection process because
the selection decision involves conflicting
multiple criteria and is replete with com-
plex decision-making problems. Based on
Extended Ordered Weighted Averaging
(EOWA) operator, a method of multi-
criteria decision making with linguistic
preference information is introduced to
the problem. An illustrative numerical
example is also provided to illustrate the
feasibility and practicality of the pro-
posed method.
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1. Introduction

Problems like increasing costs, insuffi-
cient capacity due to aging of population
and inefficient ways of working will lead
to new ways of thinking within hospitals
[1]. The successful adoption of Infor-
mation Technology could provide a hos-
pital with a vessel to decrease spending
and improve quality. The impact of IT
could be seen from many processes with-
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in hospitals. However, managing, imple-
menting and developing IT do not belong
to the core competences of a hospital.
One solution regarding the adoption of IT
could be the decision to outsource[2]. The
decision-making process around IT out-
sourcing in a hospital is difficult and
comprehensive. A lot of factors should be
taken into thorough consideration in the
process. It requires close attention to the
evaluation of vendor selection process
because the selection decision involves
conflicting multiple criteria and is replete
with complex decision-making prob-
lems[3]. Selecting the most appropriate
vendor is considered an important strate-
gic decision that may impact the perfor-
mance of outsourcing engagements.
While with the uncertainty of internal and
external environment and the complexity
of the relationships with outsourcing ven-
dors, there might be many risks when a
hospital wants to choose an IT outsourc-
ing vendor that best fits its need. Hence,

it is quite necessary for a hospital to uti-
lize some decision making tool to fufill
that purpose. Meanwhile, the indices used
for the evalution of IT outsourcing ven-
dors are mostly qualitative, a hospital of-
ten has to face with the problems of fuzz-
iness of the indices. To deal with such
problems, this paper introduces a multi-
criteria decision making(MCDM) method



based on linguistic preference infor-
mation to solving such problems. This
paper is structured as follows. In Section
2, the multi-criteria decision making
method and an operator EOWA are intro-
duced. In Section 3, a method, based on
MCDM and EOWA operator, is intro-
duced to ranking IT outsourcing vendors.
In Section 4, an numerical example is
provided to illustrate the proposed meth-
od. Finally, in Section 5, some conclu-
sions are drawn.

2. Theoretical Background

2.1. Multi-criteria Decision Making.

In a real-world decision process, a deci-
sion maker is often faced with complex
decision environments and problems.
Sometimes there are many factors of the
problems, and the interrelationships
among the factors are very complicated.
Relationships between factors of a prob-
lem may be highly nonlinear; changes in
the elements may not be related by simple
proportionality. This is essentially a prob-
lem of Multi-criteria decision making
(MCDM), which deal mainly with prob-
lems about evaluation or selection.
MCDM approaches seek to take explicit
account of more than one criterion in
supporting the decision process. A com-
plete MCDM process should involve the
following elements: criterion set, prefer-
ence structure, alternative set, and per-
formance values. MCDM s useful in cir-
cumstances which necessitate the consid-
eration of different courses of action,
which can not be evaluated by the meas-
urement of a simple, single dimension.
Due to the above reason, MCDM is natu-
rally utilized to the evaluation process of
IT outsourcing vendors.

MCDM process is characterized by a
decision maker, who is asked to provide
his or her own preferences on a prede-
fined set of alternatives with respect to
each criterion in a predefined set of crite-
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ria. In some cases, due to reasons like
time pressure, lack of knowledge or data,
or limited expertise related with problem
domain [4], the decision maker might on-
ly provide the information with a linguis-
tic term. Further, in some situations, the
decision maker tends to provide the in-
formation with linguistic preferences. Xu
has applied an extended ordered weighted
averaging (EOWA) operator to multi-
criteria decision making with linguistic
information [6].

2.2. Representation of MCDM with
Uncertain Linguistic Information.

Let S :{5i| i=—t,...,t} be a finite and

totally ordered discrete label set. Any la-

bel, Si , represents a possible value for a

linguistic variable, and among the others,
it has the following two characteristics

[5]:
e The set is ordered: s;>s; if

i>J;
e There is the negation operator:
neg(s) =+, -

In a way, S can be defined as follows:

S ={s_, = extremely poor, s_, = very poor,
s_, =poor,s_, =slightly poor, s, = fair,
s, =slightly good,s, = good,
s, = very good, s, = extremely good}

preserve all the given information, Xu has
extended S to a continuous label set

S ={s,Jac[-q,q]} where q(q>t) isa
sufficiently large positive integer. If

s, €S, then S, is called original label,
otherwise, it’s called virtual label. In gen-
eral, the decision makers would utilize
the original linguistic labels to evaluate

alternatives, and the virtual linguistic la-
bels might only appear in calculation.



For any two labels s, s, €S, we
have two operational laws:
S, ®Sz=5,.4:

us, =s,,, » where uel01]-

7]

2.3. Extended Ordered Weighted Av-
eraging (EOWA) Operator

An EOWA operator of dimension N is a
mapping: S" —§ that has associated a
weighting vector w= (W, W,,...,w,) to

n

it, such that w; €[0,1], >w, =1 and is
j=1

defined to aggregate a collection of lin-

guistic variables 5a115a2’---’3 accord-

ing to the following

EOWA, (s,,.5,, .5, )

=Ws, Ow,s;, D..OW,s,

n

expression:

where ’g:znleﬂj, S, is the j™ largest
-1
of the S, .

3. A Method for Evaluation of IT Out-
sourcing Vendors Based on MCDM
with Linguistic Preference Infor-
mation

In this section, a method for evaluation of
IT outsourcing vendors based on MCDM
with linguistic preference information is
proposed as follows:

Step 1. For an evaluation of IT out-
sourcing vendors based on MCDM with
linguistic preference information, let
X ={X,%,,.... X, } be the set of alterna-

tives, C={c,,c,,...,c,} be the set of cri-

teria. First, the decision maker compares
these alternatives with respect to each cri-
terion by the linguistic terms in the set
S={s|i=-t,..t}, and then constructs
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the linguistic preference relation ma-
trisz(rij)nxm » where I €S-

Step 2. Utilize the EOWA operator
z,(W) = EOWA,,(Fiy, iz, Bi) '
i,j=12,..,n to aggregate
r;(i=12,...,n) corresponding to the al-

ternative X; with respect to each criteri-

on, and then get all the averaged prefer-
ence degrees z(w)(ieN) of all the
other alternatives.

Step 3. Rank all the alternatives and se-
lect the best one(s) in accordance with the
values of z (w)(ieN) . The alternative

which has the biggest value of
Z,(@)(i € N) is the best one.

4. An Numerical Example

The purpose of vendor selection is to de-
termine the optimal IT service vendor
who will offer the best all-around pack-
age of products and services, but select-
ing the right vendor is influenced by a
variety of factors. In this paper, ten key

criteria were selected as follows: y, :
Technical capability; u, : Financial per-
formance; u, : Performance history; U, :
Quality; U, : Price; Ug: Flexibility ; u,:
Reputation; u, : Delivery time; u, : Expe-
rience; u,,: Market share.

Let’s suppose that there are four IT
outsouncing vendors
X, =(i=1,2,3,4) available to be ranked.
Here, we assume that the weighting vec-
tor of the criteria
is w =(0.07,0.08,0.10,0.12,0.13,0.13,0.12,
0.10,0.08,0.07).The linguistic labels used
are shown in the following set:
S ={s_, -, S, }={extremely poor, very
poor, poor, a little poor, slightly poor, fair,



slightly good, a little good, good, very
good, extremely good }.

Step 1. The decision maker compares
the four alternatives with respect to the
ten criteria and constructs the linguistic
preference relations as shown in Table 1.

Table 1. Linguistic preference relation

u, U u, i, Uty Uy

5 55 52 s s,
x 55 S S.08 5, s, 55 52 s,
X 55 5 s, s, 5 5 55 5 5,
Xy

)

s, 5 s, 5, kX 3, Sy 5, 5,

Step 2. Utilize the EOWA operator
= EOWA, (K, 1 fias s Tisa B iy T

i4)7i50 Vi Ni71 Nigr N9y

to aggregate r, (j=1,2,34,5,6,7,8,9,10)

r

corresponding to the alternative X; with

respect to each criterion, and then get all

the averaged preference degrees of all the

alternatives. The result is as follows:
z,(w)=0.07xs, ®0.08xs, ®0.10xs,

@0.12xs,®0.13xs, ®0.13xs,
@0.12xs,®0.10xs, ®0.08xs,
@0.07xs ;=54

z,(w) =0.07xs, ©0.08xs, ®0.10xs,
@©0.12x5s,®©0.13x5,®0.13xs5,
@0.12xs, ®0.10xs, ®0.08xs ,
@0.07x8, =5, g

2,(w) =0.07xs, ®0.08xs, ©0.10xs,
@0.12xs,®0.13xs, ®0.13xs,
@0.12xs,®0.10xs, ©0.08xs,
@0.07 xSy =S, 45

z,(w) =0.07xs, ®0.08xs,®0.10xs,
@0.12x5,®0.13x5, ®0.13x s,
@0.12x 5, ®0.10x s, ®0.08x s,

@0.07x5 , =8, 4

Step 3. Rank all the alternatives and se-
lect the best one(s) in accordance with the

values of z,(w)(i=12,34):
2,(w) - 2,() = 2,(w) > 7,(w), SO the best

alternative is X, .

)
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5. Summary

In this paper, the problem of evalution of
IT outsourcing vendors is studied. Based
on EOWA operator and multi-criteria de-
cision making with linguistic preference
information, a method is introduced to the
problem. An illustrative numerical exam-
ple is also provided to illustrate the feasi-
bility and practicality of the proposed
method. The proposed method is straight-
forward and can effectively avoid the loss
of information.
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