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Introduction
Managers often have to face kinds of
decision-making problems in which a suitable
investment alternative has to be evaluated and
selected (Zhou et al., 2019; Yan et al., 2017;
Rostamzadeh et al., 2017). Such a choice
maybe related, for instance, to the technology
choose for product development or machine
selection for a manufacturing process (Frank et
al., 2013). This kind of investment alternatives
can be considered a multiple attribute decision-
making (MADM) problem as it involves
a variety of attributes that should be taken into
account from finite feasible schemes based
on the assessment information provided by
decision makers. Due to the uncertain objects
and ambiguous human thinking, sometimes
it is impossible for decision makers to give all
the evaluation values of attributes by exact
numbers. The definition of fuzzy set is firstly
introduced by Zadeh (1965) to address the
uncertainty and ambiguity, which has been
widely used in various domains. However, the
single membership degree of fuzzy set makes it
insufficient to describe complete information of
evaluated objects. Later, the intuitionistic fuzzy
set (IFS) (Atanassov, 1986), characterized by
a membership function and a non-membership
function, is introduced to improve the drawback
of fuzzy set. So far, the IFS has gained
increasing attention and has been widely used
in lots of areas, such as economics, engineering
technology and management. Recently, Yu and
Liao (2016) presented an attractive scientific
investigation of the development of IFS from
different perspectives. Mehdi et al. (2017) gave
a complete literature review on the development
of IFS and other type of fuzzy sets in MADM
problems from 2001 to 2016.

The previous studies indicated that the IFS
is an effective technique to handle complex
uncertainty and has shown a rational result in

many fields and applications. However, it can
only sign exact numbers for the membership
and non-membership degrees, but not address
the qualitative reference. Inspired by the idea
of linguistic terms (Herrera & Herrera-Viedma,
2000), Wang and Li (2010) first defined the
conception of intuitionistic linguistic set (ILS),
which integrates the advantages of IFS and
linguistic term and is powerful tool to cope with
vagueness information. Therefore, more and
more researchers have paid their attention to
ILS aggregation operators and corresponding
MAGDM approaches. For example, Wang
and Li (2010) defined some operational rules
on the ILS, including ILS expected values,
score function and accuracy function. Liu
(2013) studied the application of dependent
aggregation operators in ILS situation. Su et al.
(2014) investigated ordered weighted distance
measures between IL sets and applied them
to supplier selection. Xiao and Zhang (2016)
introduced the some IL induced distance
aggregation operator and investigated its
application in financial investment selection.
More recently, Liu et al. (2017) presented
the weighted induced aggregation operator
to facilitate ILS information and utilized it to
select low-carbon supplier. Zhang et al. (2017)
introduced two Heronian mean IL aggregation
operators and applied them in scientific
research capacity assessment.

In order to enrich the theory and practice
of the ILS, this study continues to study the
aggregated method for ILS and its application in
investment selection problem. We will develop
the IL weighted induced ordered average-
weighted averaging (ILWIOWAWA) operator,
which integrates the subjective information with
the particular attitudinal characters in form of
order-induced variables in the same expression
to aggregate the ILS information. Some of its
major features and special cases are studied.
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Finally, the practicality of the developed
operator is tested by a discipline evaluation
problem.

The rest of this paper is set out as follows.
In next section we give some basic knowledge
on the ILS and aggregation operators. Sect. 3
presents the ILWIOWAWA operator and studies
its properties. Sect. 4 discusses the applicability
and process of the ILWIOWAWA operator in
MAGDM problems, and an example concerning
disciplines selection is discussed in Sect. 5.
In Sect. 6 we will summarize main results.

1. Preliminaries
1.1 The Intuitionistic Linguistic Set
(ILS)

The linguistic approach is an approximation

of technique, which uses linguistic variables

to manifest qualitative aspects in term of

linguistic values. Let S:{s, \l:O,l,...,t} be a

linguistic term set with odd cardinality, in which,

any linguistic variable, s,, has the following

characteristic (Xu, 2005):

1. Negation operator: Neg(s;) =s,_;

2. Ordered set: s, <s, & m<n,

3. Max and min operator: max(s,,,
mz2n.min(s,,s,) =S, fm<n,
Definition 1 (Atanassov, 1986). An IFS [ in

Y ={y, Y55, } is given by:

I={{n v olrery @

where the function g, (¥) and v, (y) represent
the membership degree and non-membership
degree of the element y to the set [,
respectively, 0< 1, (»)+v,(¥) <1, forally € Y.

7,00 =\1-(1,()) =( (") is defined the
degree of indeterminacy of y to the set /.
Combining the advantages of the IFS and
linguistic term set, Wang and Li (2010) first
gave the concept of ILS.
Definition 2. An ILS Ain Y is defined as

$,) =S, if

ms

A= {<y[s9(v‘,),(/h v, (y))]>‘ Y e Y} @

where 1,(y) and v (») is called the membership
degree and non-membership degree of
the element y to linguistic variable s, |,

0<pu,(M+v,(M<L, hy eS.
Especially, we call 7,(x)=1-pu,(x)-v,(x) as
the indeterminacy degree or hesitation degree
of y to variable s,

respectively,

From Definitions 1 and 2, it is found that
the ILS integrates both the qualitative and
quantitative references. This means that ILS
enable the decision maker more convenient to
address his/her judgment.

Definition 3 (Wang & Li, 2010). An
intuitionistic linguistic number (ILN) is defined
as a = (s, ,(u(a),"(a))), where u(a) and v(a)
respectively represents the membership and
non-membership degrees of the variable s,,,
with u(a),v(a) € [0,1] and u(a) + (@) < 1.

Let d, = (s, (1(a),v(a))) (i = 1,2) be two
ILNs and A >0, some operational rules for ILNs
are defined by (Wang & Li, 2010):

18+ 8= (Suayea (1= (1= (@) (1- (@),
v(@ M(@,))).

2. 4,®4d,= <S9(a| )xb‘(a:)’(:u(al):u(az)v
V() + ()~ (e (@,))) ;

8.2, = (1005 (1- (1= )" (@) ).

Based on the
E@)=s

expected  function

| and the accuracy
(e e +={1-p(@)=v(@))]

function H(a) = %x(ﬂ(d)+v(a)) of ILN

@ = (s (#(@)v(@)), Liu (2013) gave
some rules to compare ILNs.

Definition 4. If @, = (,,.(#(a),"(@))))
(i=1,2) are any two ILNs, then:
1. If E(@,) > E(a,), then, then 4, is bigger than

d,, denoted by 4, > 4, ;
2. If E(a,) = E(a,), then

{H(dl) >H(a) = a,>a,

H(a)=H,) = a, =a,

1.2 The IOWA and WIOWA Operators
Definition 5 (Yager & Filev, 1999). An IOWA is
afunctionF: R" x R" — Rthathasanassociated
weighting vector W =(w,,w,,...,w,) €[0,1]"
with w, +...+w, =1 such that:

F((ll,b]>,...,<ln,bn))=Z:;w/.aj 3)

where a; is b, value induced by the order-
induced variable /..

Due to its superiority of order-induced
mechanism, the IOWA operator has been
widely used and popularized in recent years.
However, the order-induced variables of IOWA
are not calculated in aggregation progress,
which often cause information loss in the final
aggregated results. Recently, Aggarwal (2015)

2, XXIl, 2019 EM 41



Business Administration and Management

introduced an improved IOWA, called the
weighted IOWA (WIOWA) operator to conquer
this limitation. In the WIOWA operator, the order-
induced variables not only play an inductive
role, but also directly involved in the operation
of information integration by moderated the
associated weights.

Definition 6. A WIOWA is a function:
R'"XR" —> R that has an associated
weighting vector W =(w,,w,,...w,) €[0,1]"
with w, +...+w, =1such that:

n

WIOWA((l,,b,),...(1,.b,)) =D . v,a, (4)

j=1

where a; is b, value induced by the order-
induced variable /. The weight v, is associated
with w, € W (j=12,..,n), as

- Wils()
J n
(%)
ZW,,-’Um
j=1
where (o(l),..,o(n)) is a permutation
relation of (L,...,n) that satisfies the condition
Ly 215, forall j>1.

1.3 The ILWIOWA Operator
The WIOWA is used to infuse real values rather
than types of fuzzy numbers. Aggarwal (2015)
studied its application in IF environment. Later,
Liu et al. (2017) further extended it to the ILS
situation and gave a MADM method for supplier
selection problems.

Definition 7. For the collection of ILNs

a,= (505(24)) (1=1,2,.0.,m). f

n

e L, =D v,B (6)

J=1

ILWIOWA((,.d,),

where f3, is d; value induced by the /, and the
weight v, is determined by w; according to
Eq. (5), W =(w,,w,,...w,)€[0,1]" such that
w, +...+w, =1, then the ILWIOWA is called the
intuitionistic linguistic WIOWA operator.
Although the WIOWA and the ILWIOWA
operators have improved the rule of the order-
induced variables, they fail to take into account
the importance of the ILSs’ principal component
in the aggregation progress, which may lead to
loss subjective information in some situations.
In order to overtake this limitation, a new

aggregation method for ILS will be discussed
in next section.

1.4 ILWIOWA Weighted Average

Operator

The ILWIOWA weighted average (ILWIOWAWA)
operator is an integrated method that
combines the key advantages of the WIOWA
and weighted average to aggregate the IL
information. Therefore, it is able to consider
both the complex attitude of decision makers
and subjective information of the evaluated
objects in decision-making problems. It can be
defined as follows.

Definition 8. Let 4, = @,(y,.,v,))
(i=12,..,n) be a group of ILNs to be
aggregated, @ = (@,,®,,...,0,) is the weight
vector of them, which meets @, €[0,1] and
Y, w; = 1. An ILWIOWAWA operator is defined
as:

ILWIOWAWA((L, @), -, (L, @n)) = X7y 9;8; (7)

where f, is @ value induced by the order-
induced variable /, the combined weight is given
as v, =0v, +(1-9)w, with 6 €[0,1] represents
the relative importance of the WIOWA method
and o, the weight (WA) , ordered according
to f3, that is, according to the j-th largest value
of /, and the weight v, associated with w, € W
(j=1,2....n), is determined by Eq. (5).

Given the ILWIOWAWA operator is a
unification of two aggregation concepts,
namely WIOWA and WA, it can be considered
a part related to WIOWA operators and the
WA operators separately. As a result, we have
the following formulation of the ILWIOWAWA
operator:

Definition 9. Let 4, = (5,.(4.v))
(i=L2,.,n) be a group of ILNs to be
aggregated, v = (0, ©,,..., ®,) is the weight
vector of them, which meets w, € [0,1] and
Y1 w; . An ILWIOWAWA operator is defined as:

ILWIOWAWA((y, @1), ---, {ln, @) = ®)
=8X 1 viB + (1 —8) XL, wid
where f,is @, value induced by the order-induced
variable /,, and the weight v, is determined by
w, € W, as defined in the Eq. (5), 4 € [0,1].
Obviously, if 6 = 1, we get the ILWIOWA
operator and if & = 0, the ILWA operator.
Furthermore, based on the approaches
mentioned in the recent literature (Merigd
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& Gil-Lafuente, 2013; Zeng, 2016; Zeng
et al.,, 2016), we can get a series of special
cases of IL aggregation operators by signing
different weighting schemes (vectors) on the
ILWIOWAWA operator, such as the IL induced
OWA (ILIOWA), the IL ordered weighted
averaging (ILOWA), the window-ILWIOWAWA
and the Olympic-ILWIOWAWA operators.

Next, a numerical case is given to show the
aggregated process of the ILWIOWAWA operator.

Example 1. Let ¢ =(s5,.(0.3,04)),
@, =(5,,(0.5,04)), a; =(s,,(0.2,0.5))) and
a, =(s,,(0.6,0.3)) be a collection of ILNs defi-
ned in the linguistic set S = {s,,5,,55,5,,55,5,5,},
and their weight vector is
o =(0.2,035,0.3,0.15) . Assume the associated
order-induced variables and weighted vector
of the ILWIOWAWA operator are L =(7,3,5,8)
and W =(0.1,0.4,0.3,0.2), respectively. First we
recorder the aggregated argument in the form
(1,a,) according to the values [ :

((8:(5:(02,0.9)),(7,(5.,(0.3,04)),
(5.(5:.(0.2,0.6)))).(3.(s,.(0.5.0.49))))..

In order to calculate the combined weight
v, (j=12,3,4) we should first calculate the
moderated weight vj(j =1,2,3,4):
0.2x8

- =0.276.
(0.2x8)+(0.1x7) +(0.3x 5) +(0.4x5)

Y

Similarly, we can get v, = 0.121, v, = 0.258,
v, = 0.345.
Let 6 = 0.4, the combined weight 7,
(j=1,2,3,4) is obtained by the Definition 6:
v, =0.4%x0.276+0.6x0.2 = 0.2304,
v, =0.4x0.121+0.6x0.35=0.2584,
v, =0.4%0.258+0.6x0.3 =0.2832,
v, =0.4x0.345+0.6x0.15 = 0.228.

Therefore, we obtain the result aggregated by the ILWIOWAWA operator:
ILWIOWAWA((8,(5:,(0.2,0.5)))(7,(5,,(0.3,0.4))), (5, (5:,(0.2,0.6)))), (3.(s5,(0.5,0.4))))
=0.2304®(s,,(0.2,0.6)) ©0.2584 ® (s,,(0.3,0.4)) ©0.2832 ®(s,,(0.2,0.6)) ® 0.228 ® s, (0.5,0.

= (83.0424-(0.3057,0.4723))

The aggregation of ILNs can also be proceeded by Eq. (8). In order to draw a comparison, the
aggregation results of intuitionistic linguistic IOWA (ILIOWA) operator is given as follows:

ILWIOWA WA((8,(s3,(0.2,o.5))),(7,(54,(0.3,0.4))),(5,(s3,(0.2,0.6)))),(3, (5,,(0.5,04))))
=0.40(0.1®(s5,,(0.2,0.6)) ®0.4®(s,,(0.3,0.4)) 0.3®(s,,(0.2,0.6)) © 0.2 ® (5,,(0.5,0.4)))

®0.6®(0.2®(s,,(0.3,0.4)) ®0.35®(5,,(0.5,0.4)) ©0.3®(s,,(0.2,0.5))) ©0.15®(s,,(0.6,0.3)))

== (830424, (0.3057,0.4723))

Obviously, the aggregation results are same
for both methods.

It is noticed that if the weighting vector
doesn’t satisfy with the normalization, i.e.,
V= z:zl v, #1, then the ILWIOWAWA operator
should formed as following:

ILWIOWAWA(Ly, @y), .., {Ly, @) =
©

s (1-8) -
= 7529;1 v B+ TSZ?ﬂ w;d;

where 7, =Zn:vj and W, :iw‘ .

j=1 i=1

According to the ILNs’ operational rules
described earlier, the above theorem can be
driven as follows.

Theorem 1. Let a4, = <s9’,(,u,.,v,)>
(i=1,2,..,n) be a set of ILNs, the aggregation
result of the ILWIOWAWA is still an ILN.

The ILWIOWAWA operator features the
general desirable properties aggregation
operators should have, such as monotonicity,
boundedness, idempotency, nonnegativity and
reflexivity. These aforementioned properties
can be proven by the next theorems:
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Theorem 2. (Monotonicity). Let (@, d,, ... d,)
and (@', a', ...a") (i =12, .., n) be two set of
ILNs, if @', > a, for all 7, then

ILWIOWAWAGL @), @) 2
> ILWIOWAWA((Ly, &), oo, (b @) 1O

Theorem 3. (Idempotency). Ifall 4, = (sa (v, )>

areequal, i.e.,di:d:<sa S (1 v)) (i=12,...,n)
forall i, then

ILWIOWAWA((Ly, &), ..., (L, @,)) = @ (11)

Theorem 4. (Bounded). The aggregation
result by the ILWIOWAWA operator lies between
the max and min aggregated values, i.e.,

min(d;) < ILWIOWAWA((I,, d,), 12
oy {ly, @) < max(d;) (12)
Theorem 5. (Permutation). Let
(L, dy),y s (L @))(E = 1,2,...,m) is  any
permutation of ((l, d,), ..., {ly, @,))

ILWIOWAWA((L,, d,), ..., (L, d,)) =

= ILWIOWAWA((ly, &), ..., {ln, @,)) (13)
We can get a more general model of the
ILWIOWAWA operator by using the quasi-
arithmetic means (Merigo, 2011; Zeng, 2017),
then we get a more general IL aggregation
operator, called the quasi-arithmetic
ILWIOWAWA (QILWIOWAWA) operator.
Definition 10. Let 4, = (5,.(4.7,))
(i=1,2,..,n) be a group of ILNs to be
aggregated, © =(@,,®,,...,0,) is the weight
v§ctor of them, which meets @, €[0,1] and

Do =1. The QILWIOWAWA operator:
i=1

Q" xR" — Q that has an associated weighing
vector W with w, € [0,1]and ) w, =1, such that:
Jj=1
QILWIOWAWA((Ly, @), ..., {Ln, @y)) =
=8X' T v B) + (1 - &Y (EL widy)

where f,is @, value induced by the order-induced
variable /,, and the weight v, is determined by
w, € W, as defined in the Eq. (5), 1 € [0,1].
An important features of the QILWIOWAWA
operator is that it generalizes a number of
special cases by employing more complicated

(14)

formulas in its continuous monotone functions.
For example, if X = g° and Y = 4’ then the
QILWIOWAWA reduced to the generalized
ILWIOWAWA (GILWIOWAWA) operator.

1.5 MAGDM with the ILWIOWAWA

Operator
We explore the application of developed
operator in MAGDM problem with IL information
in this section. Let A={4,4,,..4,} be
a set of alternatives to be assessed and
c={C,G,,..,C,} be the n attributes
being considered in the evaluation. Let
o=(w,0,,..,0,) the weights of each attribute

4;is @, where 0 < », < 1 and Do =1,

i=1
Assume E={e,e,,...e,} be the % decision
makers with the associated weighting vector
A=(4,2,.. 4, )€[0,1]" and the sum of the
weights is 1. Based on the proposed operator,
the MAGDM process is given as follows:

Step 1: Identify the IL decision matrix
Dk = (aij("))mxn given by decision maker
e(t=12,..,k).

Step 2: Apply the ILWA operator to
aggregate the evaluations of the decision
makers E based on the weight vector 1. Then
aggregation result forms the IL collective matrix
D =(a,),.,, where

a” = ILWA(dll-,-,&Zi,-,...,dki,-), (15)

(i=12...m),(G=12..,n).

Step 3: Utilize the Eq. (5) to calculate the
weight vector v, = 6v; +(1-96)®;, to be used for
the ILWIOWAWA operator.

Step 4: Get the aggregated results for each
alternative A4, by the ILWIOWAWA operator
defined by Eq. 7 or 8. In this step one can consider
some particular cases of the ILWIOWAWA
operators that described in Section 3.

Step 5: Rank and select the best one(s)
according to the aggregation results obtained
in the step 4.

2. lllustrative Example

In this section, an example concerning
a university that wants to fund some money
in the best discipline for developing the level
of scientific research. Based on the opinion
survey and preliminary screening, four potential
disciplines are considered to get the money:

1. A,: Regional Economy;

2. A,: Econometrics;
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3. A, Industrial Economy;
4. A,: Economic Statistics.

To secure greater benefits and guarantee
fairness, the university invite three experts to
assess the four alternatives according to the
following attributes (criteria):
= C,-Influence of papers;
= C,—Amount of projects;

IL decision matrix — Expert 1

= C,— Number of awards;
= C,- Contribution to society.

Because of the uncertainties associated
with the phenomena in analysis, the evaluated
information of each alternative with respect to
each attribute provided by the experts (whose
weight vector is A =(0.25,0.30,0.45)", are
expressed in ILNs, given in Tab. 1-3.

G [ C, C,
4, (5,,(0.2,0.6)) (5,,(0.3,0.4)) (55,(0.5,0.5)) (5,,(0.2,0.7))
4, (5,,(0.4,0.4)) (53,(0.5,0.4)) (5:,(0.1,0.7)) (53,(0.3,0.5))
4, (5,,(0.4,0.6)) (55.(0.7,0.1)) (5,,(0.5,0.2)) (5,,(0.2,0.8))
A, (5:,(0.5,0.4)) (53,(0.6,0.3)) (5:,(0.7,0.1)) (5,,(0.3,0.6))
Source: own
IL decision matrix — Expert 2
el [ C, C,
4, (5,,(0.2,0.7)) (5,,(0.8,0.1)) (5,,(0.7,0.3)) (5,(0.2,0.8))
4, (5:,(0.3,0.6)) (5,,(0.9,0)) (5;,(0.6,0.3)) (56,(0.3,0.6))
Ay (5,,(0.4,0.6)) (5,,(0.9,0.1)) (5,,(0.8,0.2)) (5,,(0.2,0.7))
A, (55,(0.5,0.4)) (5,,(0.4,0.3)) (5,,(0.2,0.7)) (55,(0.7,0.1))
Source: own
IL decision matrix - Expert 3
o [ ¢, C,
4, (5,,(0.4,0.6)) (55,(0.3,0.5)) (54,(0.5,0.5)) (5,,(0.2,0.8))
4, (5,,(0.8,0.1)) (56-(0.3,0.6)) (5:,(0.2,0.8)) (53,(0.1,0.9))
A, (5,(0.2,0.7)) (55,(0.4,0.4)) (5,,(0.9,0.1)) (5,,(0.7,0.2))
4, (5:,(0.4,0.3)) (5,,(0.3,0.6)) (55,(0.4,0.5)) (5,,(0.5,0.5))
Source: own
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IL collective decision matrix D
& C, C, C,
A, | (55,,(0.297,0.628)) | (i554,(0.519,0.292)) (5,5, (0.571,0.429))| (s,,(0.2,0.774))
Ay | (557,(0.617,0.242)) | (5,4:,(0.759,0)) | (5;,(0.331,0.577)) |(s3,,(0.216,0.689))
Ay {(5405-(0.317,0.643))| (i535,(0.740,0.187)) |(5,5,(0.816,0.146)) (s, ,5.(0.486,0.412))
A, [(5,9.(0.457,0.351)) ((s,,5,(0.419,0.410)) | (s, ,,(0.450,0.370)) | (s;,,(0.533,0.323))
Source: own
I-1:F<H Order-induced variables
& C, C, C,
U 9 5 8 7
Source: own
118 | Aggregated results rendered by the ILWIOWAWA operator
Aggregate result Score Rank
A, (83712,(0.321,0.510)) S| 507 4
A, (155.791,(0.498,0)) S, g30 1
A, (5,,635,(0.647,0.284)) 5, 705 3
A, (55611,(0.473,0.359)) 5010 2
Source: own

First, we utilize the ILWA operator to convert
decision information given by the three experts
into an IL collective decision matrix D = (4, ),
listed in Tab. 4.

In this example, the weight vector
of four attributes is assumed to be
o =(0.18,0.24,0.32,0.26)", and the ILWIOWAWA's
weight vector is W = (0.15,0.20,0.35,0.30)" and
6 =0.4 . In addition, the order-induced variables
are given in Tab. 5.

By employing the information discusses,
we can utilize the ILWIOWAWA operator to
summarize the rows of the collective matrix

and therefore get the overall preference values
of the Candidate alternatives. Tab. 6 shows
the scores and order ranking with each of
alternatives obtained by the ILWIOWAWA
operator.

The aggregation results listed in Tab. 6
show that the ranking of the four alternatives
is A, > A, > A, > A,, and thus the most
desirable alternative is 4, in this case. It can
be seen that the significant features of the
ILWIOWAWA operator used to this problem
is its ability to incorporate subjective opinions
and complex attitude characteristics through
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of the ILWIOWAWA

Scores and ranking of the potential alternatives by the particular cases

ILWA ILIOWA ILWIOWA
A, S1.599 S1.529 S1.446
A, 52829 53078 2845
A, $0.997 1814 S1.739
A, S1.998 S1.902 $2.019
Ranking A, A, >4, > 4, A,> A, > A, > 4, A,> A, > A, > A,
Source: own

order-induced variables. Moreover, it can deal
with the preferences information that may not
be exact but can be expressed in ILNs. On the
other hand, it is possible to use some special
cases of the ILWIOWAWA operator, such as the
ILWA, the ILIOWA and the ILWIOWA operator
to derive an overall values of the alternatives.
Tab. 7 shows the aggregated results.
Obviously, we get the same best alternative,
i.e., 4, for all the particular cases. However, the
ordering of the all alternatives may be varied
according to the particular cases in which
they are used. Therefore, this method is very
useful and effective as it provides the decision
maker(s) more choices to choose different
schemes. Thus, they can select the best one(s)
according to their beliefs or interests.

Conclusions
In this paper, an integrated method for
aggregating IL information has been developed,
namely the ILWIOWAWA operator. The main
features of this operator is its ability to handle
subjective opinions and complex attitudes that
can be represented by order-induced variables.
The desired properties of the proposed weighted
induced operator has also been studied, which
shows the practical and effective application to
MAGDM. Moreover, a method and process for
tackling MAGDM problems with IL information
have been investigated. Finally, a numerical
example of financing selection is illustrated to
verify the effectiveness and feasibility of the
introduced method.

In the future, we are going to study some
extensions of the ILWIOWAWA operator by using

similarity measures and generalized means.
Other application areas, such as management,
environment, military and economics, can also
be considered in our research work.

This paper is supported by the Projects of
National Social Science Fund of China (No.
17CTJ012).
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FINANCING SELECTION METHOD IN DISCIPLINE EVALUATION USING
A WEIGHTED INDUCED MODEL

Yufen Chen, Huanhuan Jin, Chao Chen, Chonghui Zhang

The selection of a suitable financing alternative involves multifarious attributes that should
be assessed to provide a basis foundation for decision-making. As an effective generation of
intuitionistic fuzzy set and linguistic term, the intuitionistic linguistic set (ILS) has greater power for
processing uncertain information during decision-making process. Keep this feature in mind, the
main purpose of this paper is to investigate a weighted induced aggregation approach for decision-
making problem concerning financing selection with complex uncertainty in term of intuitionistic
linguistic (IL) information. For this, a new intuitionistic linguistic aggregation operator based on the
weighted induced approach, namely the IL weighted induced ordered average-weighted averaging
(ILWIOWAWA) operator, is proposed to integrate intuitionistic linguistic information. The special
advantage of this operator is that it can integrate the subjective information with the particular
attitudinal characters in form of order-induced variables in the same expression during information
fusion. Moreover, it is able to deal with uncertain information represented by intuitionistic linguistic
set very effectively. Some of its properties and particular cases are mathematically explored. We
have proved that it has the properties of monotonicity, boundedness, idempotency, nonnegativity
and reflexivity. A further extension of the proposed operator is also represented in term of quasi-
arithmetic means, then we get the quasi-arithmetic ILWIOWAWA (QILWIOWAWA) operator, which
encompasses a very broad class of IL aggregation operators. In addition, based on the developed
operator, a procedure for multiple attribute group decision-making (MAGDM) problems has been
discussed. Finally, a numerical application related to the discipline evaluation in university is used
to show the validity and practicability of the proposed method.

Key Words: Intuitionistic linguistic set, multiple attribute decision-making, induced aggregation
operator, financing selection.
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