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Abstract—Cloud computing can extend the traditional
education framework. In education, cloud can provide
students and teachers with tools to deploy computing
resources on-demand for lectures and labs according to
their learning needs. But how to select a perfect cloud server
is a key point, which is considered as a multiple criteria
decision making problem. So, in this paper, intuitionistic
fuzzy set is first introduced to express the decision maker’s
views. Intuitionistic fuzzy set (IFS) includes a membership
function and a non-membership function. More
importantly, a new operator with choquet integral is
developed to deal with assessment of education using cloud
computing. Meanwhile, score function and accuracy
function are demonstrated to obtain the final result. Finally,
we develop this method to apply in a case study to show its
applicability.

Index Terms—Choquet integral, Cloud computing,
Education, Intuitionistic fuzzy set, Multiple criteria decision
making.

L INTRODUCTION

In general, cloud computing is a distributed computing
paradigm that enables access to virtualized resources
including computers, networks, storage, development
platform or applications [1-2]. Recently, cloud computing
for education has attracted more attention [3-4]. In
education, cloud computing caters for desirable properties
to provide e-learning services, especially in scenarios
where these services are computer-intensive or are offered
in a high-scale way. The cloud can provide students and
teachers with tools to deploy computing resources on-
demand for lectures and labs according to their learning
needs [5]. Some educational institutions are already using
cloud computing to outsource email services, to offer
collaboration tools and data storage for students [6].

The application of cloud-based technologies has been
identified as a key trend that enables access to educational
services anywhere and promises scalability, enhanced
availability and cost savings. Sometimes students require
computing power for certain educational applications that
are difficult or impossible to run on their own computers
with usually limited resources or the institution's servers.

Thus, how to select a perfect cloud server is a key point,
which is considered as a multiple criteria decision making
problem. The first of step of this problem is to express
preferences of the decision maker. But in real world, it is
difficult to obtain these preferences. So, intuitionistic
fuzzy set is introduced in this paper to express the decision
maker’s views [7-8].

Atanassov [9] proposed the concept of intuitionistic
fuzzy set (IFS) characterized by a membership function
and a non-membership function, which is a generalization
of the concept of fuzzy set whose basic component of only
a membership function [10]. There are more and more
researchers focusing on intuitionistic fuzzy set used to
deal with multiple criteria decision making problems [11].
Lin [12] presented a new method for handling multiple
attribute fuzzy decision making problems, where the
characteristics of the alternatives are represented by
intuitionistic fuzzy sets. Liu and Wang [13] developed an
evaluation function for the decision making problem to
measure the degrees to which alternatives satisfy and do
not satisfy the decision maker's requirement. In this paper,
a new operator with Choquet integral is developed to deal
with assessment of education using cloud computing. It is
an interesting topic. Choquet integral considers the mutual
relationship between different criteria, which are few
applied in handling education problems. Finally, we
develop this method to apply in a case study to
demonstrate its applicability.

The rest of this paper is organized as follows. In Section
2, we review some concepts of intuitionistic fuzzy sets.
Section 3 proposed the new method including
intuitionistic fuzzy operator based on Choquet integral,
score function and accuracy function. An example is
demonstrated in Section 4 to verify the applicability of
this method. Finally, Section 5 concludes this paper.

II.  PRELIMINARY

In this section, some concepts of intuitionistic fuzzy
sets are introduced to deal with multiple criteria decision
making problem such as assessment of performance of
cloud computing in Education.

Definition 1. Let X be a universe of discourse, then a
fuzzy set is defined as:

A= {(x,uA(x)>|xEX}
which is characterized by a membership function
u,: X —>[O,1] , where u, denotes the degree of
membership of the element x to the set 4.

Definition 2. Let X be an ordinary finite non-empty set.
An intuitionisitc fuzzy set in X is an expression 4 given by

A ={<x,uA(x),vA(x)>|xEX}
(1)

where, 4 - X —[0,1] denotes the degree of membership
and v, X —>[0,1] denotes the degree of non-membership
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with the condition: ¢ < u, +v, <1, for all elements x in the
set X.
For each intuitionistic fuzzy set 4 in X, if the amount
7, (x)=1-u,(x)-v,(x),VxEX .
Then 7m4(x) is called the degree of indeterminacy of the
element x to the set 4. Especially, if

7w (x)=1-u,(x)-v,(x)=0,VxEX.
Thus, the intuitionisitc fuzzy set is reduced to a fuzzy

set. For computational convenience, in this paper, (u4(x),
v4(x)) is called as an intuitionistic fuzzy number.

Definition 3[14] Let a=(u,,v,) and b=(u,,v,) be

two intuitionistic fuzzy numbers, then it can be obtained
that

(1) a®b = (u, +u, —uu,,v,v,);

2) a®b=w,u,v, +v,-v,v,);

B) da=(1-(1-u)",v))A>0;

4) a* = ()" 1-(1-v,)"),A>0.

Definition 4[15] Given two intuitionistic fuzzy values
A and B, the following operations are valid:

1) a®b=bDa;

2) A(a®b)=Aa®Ab;

3) Aa®@Aa=(A4 +4)a.

III. PROPOSED METHOD WITH INTUITIONISTIC FUZZY
SET

In this section, to evaluate the performance of cloud
computing in education, a new proposed method is
introduced.

A. Description of the problem

For an evaluation problem, we construct the decision
matrix D = [&1’9] , where all the arguments

&(i=1,2,..m;j=1.2,.n) are intuitionistic fuzzy numbers

mxn

provided by the decision maker. As for every alternative
a,(i=1,2,..,m), the decision maker is invited to express

evaluation or preference according to each criterion
¢,(j=12,....n) by a intuitionistic fuzzy element
8 = (u;,v,)i =1,2L ,m; j=1,2,L ,n), where u; indicates the
hesitant degree that the decision maker considers what the
alternative ¢, should satisfy the criteria Cs Yy indicates
the hesitant degree that expert e considers what the
alternative @; should not satisfy the criteria ¢; . Then we
can obtain a decision making matrix as follow:

al 1 al 2 al n
D = a21 a22 aZn
(2)
a a
ml mn

22

B.  Intuitionistic fuzzy operators and value function

For multiple criteria decision making problems, it does
not need assumption that criteria or preferences are
independent of one another, and was used as a powerful
tool for modeling interaction phenomena in decision
making. As an aggregation operator, the Choquet integral
has been proposed by many researchers as an adequate
substitute to the weighted arithmetic mean or OWA
operator to aggregate criteria [16-18].

Definition 5. A fuzzy measure on X is a set function u:
P( X) —[0,1], satisfying the following conditions:

(1) Boundary condition: u (® )=0,u (X)=1;

(2) Monotonicity: if 4, BE P(X) and A € B then u (4) <
u (B).

Here, u(A4) can be regarded as the grade of subjective
importance of decision criteria set 4. The similar situation
is to u(B). Then, we could obtain the following operations.

(1) if u(AUB) = u(A)+u(B), then 4 and B are
considered to be without interaction (or to be
independent), which is called an additive measure.

) if u(AUB) > u(A)+u(B), then 4 and B are

considered to be a positive synergetic interaction (or
complementary), which is called a super-additive
measure.

(3) if u(AUB) < u(A)+u(B), then 4 and B are
considered to be a negative synergetic interaction (or
substitutive), which is called a sub-additive measure.

Definition 6. Let /' be a positive real-valued function on
X. The discrete Choquet integral of f with respect to u is
defined by

c(f)= Zﬁn [“(A('»)_"(Aum)]
(3)

where (.) denotes a permutation on X such that f;) < f;
<.. Sﬂn). Also A(,‘): {1, ceey I’l}, A(,,+1): (O3 Obviously, this
Choquet integral is a linear expression up to a reordering
of the elements.

Definition 7. Let a; = (u;, v;) (i =1, 2, ..., n) be a
collection of intuitionistic fuzzy numbers on X, and u be a
fuzzy measure on X. The intuitionistic fuzzy operator
based on Choquet integral of a; with respect to u is defined
by

IF(a1 2y senn @, ) a(l)(u(Am)—u(A(z, ))@a(z)(u(A(z))—u(Am ))
®...@q,,(u (A(”) )_ u (A<ﬂ+l> ))

- 2 “a, (“(Am ) _”(Au+1> ))

i=

“

where (.) denotes a permutation on X such that a(y < a)
<..< A(n)- Also A(,‘): {1, ceey I’l}, A(,,+1)= b .

Definition 8. Let a; = (u;, v;) (i =1, 2, ..., n) be a
collection of intuitionistic fuzzy numbers on X, and u be a
fuzzy measure on X. If all g, (i =1, 2, ..., n) are equal, that

is, foralli, g =a = (ua, WV, ), then /F(a,a,,...a,)=a-
Definition 9. Let 4 =(u, v, ) (i =1, 2,

bi=<uh,vb’) (i =1, 2,

..., n) and

..., n) be two collections of
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intuitionistic fuzzy numbers on X, and u be a fuzzy
measure on X. (.) denotes a permutation on X such that a(;)
< ao) <..< A(n) and b(]) < b(z) <..< b(,,). If ag) < b(,-) for all
i, that is, u, <u, and v, > vbl,then

IF(a,ay,....a,) < IF (b,,b,,...,b,)
(%)

Definition 10. Let a = (u, v) be an intuitionsitic fuzzy
number, a score function S of an intuitionistic fuzzy
number can be represented as follows:

S(a)=u-v, S(a)E[-11]
(6)
Definition 11. Let a = (u, v) be an intuitionsitic fuzzy

number, a accuracy function H of an intuitionistic fuzzy
number can be represented as follows:

H) = wu + v, He € [0, 1]
(7
The larger the value of H(a) is, the more the degree of
accuracy of the intuitionistic fuzzy number is.

Hong and Choi [19] represented that the relation
between the score function S and the accuracy function H
is similar to the relation between mean and variance in
statistics. According to the score function S and the
accuracy function H, Xu [20] proposed an order relation
between two intuitionistic fuzzy numbers to further
compare these two intuitionistic fuzzy numbers in the
following:

Definition 12. Let a; = (uy, v1) and a, = (us, v2) be two
intuitionistic fuzzy numbers, S(a;) = u; - v and S(a;) = u, -
v, be the scores of @ and a», respectively, and let H(a,) =
w1+ vi and H(ay) = up+ v, be the accuracy degrees of a;
and a,, respectively, then we can acquire the following
characteristics:

(1) if S(a) < S(b), then the number a is smaller than b,
denoted by a<b;

(2) if S(a) = S(b), then the accuracy function should be
introduced to compare two intuitionistic fuzzy numbers.
Thus, we can obtain that

1) if H(a) < H(b), then the number « is smaller than b,
denoted by a< b;

2) if H(a) < H(b), then the number a is equal to b,
denoted by a = b.

The operational laws of S and H can be applied in the
process of aggregation of information in decision matrix.

C. Process of proposed method

In this section, we will propose a procedure to form this
evaluation model based on mentioned methods, where
values take the form of intuitionistic fuzzy numbers. The
procedure includes the following steps:

Stepl. Based on the problem background, a decision
maker is invited to provide several attributes and
alternatives.

Step 2. The decision maker constructs a decision matrix
based on his/her preferences.

Step 3. The attribute weights of the » attributes denoted
as w= (wy, wy, ..., wy)! with 0 < w;<1(G=1,2,..n)and
Ef’_l w, =1 can be determined.

Step 4. Using discrete Choquet integral, he
intuitionistic fuzzy operator based on Choquet integral can

be introduced to aggregate information of each alternative
on each attribute.

Step 5. The score function and the accuracy function is
defined to compare different intuitionistic fuzzy numbers
related to alternatives.

Step 6. The rank-order can be obtained. Then, we can
select optimal alternative by the largest score.

Step 7. End.
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Figure 1. The process of the proposed method

IV. ILLUSTRATIVE EXAMPLE

Based on the proposed framework in Figure 1, we
invite a famous expert as the decision maker to implement
process of decision making. Three companies which
provide cloud service for educational system are selected
by the decision maker as the alternatives including 4, 4,
Az and A4 Then, the decision maker identifies three
criteria denoted as quality C;, price C,, and consumer
satisfaction C;. Then, the decision maker gives
preferences of each alternative on each criterion,
respectively. Therefore, the intuitionistic fuzzy decision
matrix D =[a, ], canbe illustrated in Table 1.

TABLE L
ORIGINAL INTUITIONISTIC FUZZY DECISION MATRIX
G G G
A 02,0503} | {0.603,0.1} | {03,05,02}
A, (04,0501} | {020503} | {03,05,02}
As 0.3,03,04} | {04,04,02} | {04,050.1}
Ay {0.7,0.2,0.1} {0.5,0.5} {0.8,0.1,0.1}

1JET — Volume 10, Issue 8, 2015: "Interactive Computer Aided Learning" 23



PAPER
A NEW MULTIPLE CRITERIA DECISION MAKING METHOD AND ITS APPLICATION IN CLOUD COMPUTING FOR EDUCATION

After obtaining the decision matrix, the decision maker
provides the fuzzy measure of these three criteria denoted
as A = (0.3, 0.3, 0.4)". Then, the intuitionistic fuzzy
operator based on Choquet integral from Eq. (4) is applied
to aggregation preferences of the decision maker in
Tablel.

TABLE II.
THE RANKING ORDER
score rank
A, 0.36 3
A 0.25 4
A; 0.38 2
Ay 0.46 1

Based on the Definition 10 and Definition 11, it can be
calculated the score and accuracy of each alternative
shown in Table II. Finally, using the operational laws
related to score function and accuracy function in
Definition 13, the ranking order of alternatives can be
acquired in Table II which is demonstrated as 44 f 43
f 4, f A, From this ranking order, we can select 4,as
the best choice.

V. CONCLUSIONS

As we know, cloud computing is a distributed
computing paradigm that enables access to virtualized
resources including computers, networks, storage,
development platform or applications. More importantly,
cloud computing can extend the traditional education
framework. In education, cloud can provide students and
teachers with tools to deploy computing resources on-
demand for lectures and labs according to their learning
needs. But how to select a perfect cloud server is a key
point, which is considered as a multiple criteria decision
making problem. So, in this paper, intuitionistic fuzzy set
is first introduced in this paper to express the decision
maker’s views. Intuitionistic fuzzy set (IFS) includes a
membership function and a non-membership function A
new operator with Choquet integral is developed to deal
with assessment of education using cloud computing.
Finally, we develop this method to apply in a case study to
demonstrate its applicability. Although the proposed
method in this paper can deal with assessment of cloud
server, it cannot address more complex problems such as
group decision making. Then, we will extend this method
in group decision making in the future.
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