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The TODIM is a decision-making method that can examine the psychological behavior of decision-makers (DMs). However, the
traditional TODIM method has still not been having the ability to overcome fuzzy information such as interval values and
linguistic variables. This paper proposes an extended TODIM decision-making model for multiple-attribute decision-making
(MADM) problems in a linguistic environment using dual-connection numbers (DCNs). The extended model uses linguistic
variables in which the values of alternatives and criteria for both of them are formatted in the triangular fuzzy numbers (TFNs) to
express the uncertain information. First, some definitions and basic operators of the TFNs and DCNs are introduced. Then, the
way how to convert fuzzy information in forms of the TFNs into DCNs and the step how to transform each criterion weight value
into a crisp value using the defuzzification of Minkowski are demonstrated. Furthermore, the traditional TODIM is improved to
address MADM problems with DCNs, and detailed calculation steps in determining decisions are explained. Finally, an il-
lustrative example which is a cadre selection problem is applied to demonstrate the conformity and validity of the extended
TODIM method and to compare it with some other methods.

1. Introduction

Multiple-attribute decision-making (MADM) has now become
a principal issue in decision science. This approach can de-
termine the best and optimal alternatives from a finite set of
alternatives. Hence, the approach has been widely applied in
many territories such as transportation [1], management [2],
energy [3], and industry [4-6]. However, along with the
growing variety of case studies and the increasing involvement
of decision-makers in decision-making, we still must consider
ways how to express the fuzziness information in human
perceptivity and give appropriate evaluation by optimal deci-
sion methods for MADM problems. So far, there are numerous
approaches to evaluate this fuzziness such as fuzzy set (FS),
intuitionistic fuzzy set (IFS), and set-pair analysis (SPA). By
using fuzzy truth-membership (TM), Zadeh in [7] proposed

FSs to interpret fuzzy assessment information. Based on the
concept of FS, Atanassov in [8] then introduced IFSs that
contain TM and the artificiality membership (AM). However,
the IFSs can only be used to incomplete information and they
cannot address uncertain and certain information. Then, Zhao
in [9] first introduced SPA to interpret the TM and AM; be-
sides, it also analyzes the relationship between uncertain and
certain information. The SPA utilizes the dual-connection
number (DCN) to formulate TM under certain and uncertain
circumstances. Moreover, it can also analyze mathematically
the characteristics, interrelation, and relation of these two
circumstances. Based on their advantages, DCNs have been
widely applied in an augmentative number of sectors to support
decision-makers (DMs) in making feasible and rational judg-
ments. A very recently, Garg and Kumar in [10] have used the
SPA with the DCN method under the IFS environment to
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resolve a real-life case in India. Then, Garg and Kumar in [11]
have also utilized the concept of DCN in the SPA theory to
integrate the TOPSIS method for measuring an exponential
distance for selecting the best flyover construction company in
India. Fu and Zhou in [12] presented the DCN based on the
triangular fuzzy number (TFS) for choosing a cadre of an
organization in China. Irvanizam et al. in [13] implemented an
application that supports a local government to distribute some
decent homes for impoverished families in Aceh.

For MADM problems, there exist two general methods to
support DMs for selecting the optimal solution sets from
various alternatives. One is a method using aggregation op-
erators (AOs) to integrate alternative information to form an
extensive value. This method tends to lose information during
the integration process of the AOs. To handle this situation,
there exists another method which is the use of classical de-
cision-making approaches such as PROMETHEE [14],
ELECTRE [15], and TOPSIS [16]. Those methods assume that,
in the judgment process, DMs always give their perceptions in
a rational way which does not suit all practical situations. For
these cases, Gomes and Lima in [17] first introduced a de-
cision-making method called TODIM for offering a solution to
handle irrational judgments using the theory of perspective.

In cognitive psychology, the prospect theory, created by
Kahneman and developed by Tversky, is a theory that de-
lineates the way decision-makers (DMs) choose among
probabilistic alternatives by involving DM behavior risk. The
theory can help the DMs to determine decisions according to
the potential value of gains and losses to have the appro-
priate outcome. In addition, this theory also synthesizes the
aspects of declining sensitivity, reference dependency, and
loss aversion [17]. In the aspect of reference dependence, the
final outcomes are obtained through losses and gains based
on a reference alternative. In the aspect of diminishing
sensitivity, for gains, the DMs tend to be risk-averse,
whereas, for losses, they like to be risk preference. Mean-
while, in the aspect of loss aversion, the DMs’ attitudes to
losses are much more sensitive to gains.

In recent years, many scientists have extensively con-
ducted MADM research using the TODIM method. They
generally attempted to extend this method by utilizing the
theory of fuzzy set to solve the issue of uncertainty in the
MADM problems. For instance, Yu et al. in [18] developed a
new TODIM model for MADM in a group manner thathasa
large scale in solving multiple-granular unbalanced fuzzy
information. The proposed model used unbalanced lin-
guistic term sets to express uncertainty fuzzy information.
After calculating gain and loss under the unbalance lin-
guistic term sets, the classical TODIM approach was used to
rank the alternatives. Wang et al. in [19] described a dubious
linguistic model using TODIM for evaluating some emer-
gency events. The model utilized the information in the
fuzzy linguistic form to simulate the nonobjective infor-
mation assigned by a decision-maker using the sets of the
hesitant fuzzy linguistic model. Ren et al. in [20] proposed an
extension of TODIM using the probabilistic dual hesitant
under fuzzy environment to give a contribution for handling
the uncertainty in decision-making problems. This extended
TODIM method can define the aleatory and epistemic
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uncertainties in a single framework simultaneously. Besides,
Ren et al. also compared the Pythagorean TODIM method
with the Pythagorean fuzzy TOPSIS. The result showed that
the extended method is more useful to cover MADM
problems such as the Pythagorean fuzzy TOPSIS. Llama-
zares in [21] proposed a generalized TODIM method to
overcome inconsistency of the paradoxes affecting the model
weights. The proposed method introduced the properties of
weight monotonicity and weight consistency to avoid these
paradoxes. Wang and Li in [22] utilized a hybrid TODIM
method to evaluate the environmental protection institution
system (EPIS) in China by considering the hybrid infor-
mation with real and grey numbers. Lourenzutti and
Krohling in [23] introduced a novel approach to overcome
data types of heterogeneous systematically. This method is
called a modular explanation of the TODIM. As mentioned
before, we can see that some fuzzy perspective approaches
for their extension TODIM have adopted either the theories
of traditional probability, uncertainty, or fuzzy sets.
Meanwhile, the use of DCN in SPA can observe uncer-
tainties and certainties through the aspects of identity-dis-
crepancy-contrary (IDC). These aspects can depict the
relationship between two objects which is not owned by
other theories. It is nearly a kind of new uncertainty theory
that is different from the fuzzy set and probability theories,
but it can obtain those two theories under certain cir-
cumstances [24]. Therefore, it will be a great challenge to
integrate the TODIM method and its preference informa-
tion within DCN for handling a MADM problem.
Moreover, some publications describe applications of
some decision-making methods in their real cases. Irvani-
zam et al. in [25] developed an application for selecting a
smartphone using TODIM with TENs. Each criterion value
in forms of TFNs was changed into a crisp value using the
mean value of the beta distribution. After determining gains
and losses and using the classical TODIM, the application
can successfully show the selected smartphone that is
suitable for the user wanted. Ren et al. in [26] have
implemented a smart application using the TODIM method
with the Pythagorean fuzzy under the fuzzy environment.
The application was applied to a MADM selection problem
in determining a governor who manages a bank in Asia.
In many real decision-making processes, the assessment
information and DM’s judgment preferences may be in the
form of linguistic variables and under fuzzy environment. In
this kind of case, these two pieces of information can be
expressed in terms of fuzzy sets such as TFNs, Pythagorean
fuzzy numbers, and TrFNs. In this study, we utilize the
characteristic of TFNs to convert the information-pro-
cessing problem of TFNs to the information-processing
problem of DCNs. This step guides us to obtain the DCN
distance. Later on, because of the limited rationality of DMs
and dissimilar preferences when addressing gain and loss,
the TODIM method is applied to be a suitable instrument
that can advise an appropriate selection and an optimum
satisfaction for DMs. Additionally, DCNs are not only able
to represent uncertain and certain information but they also
can analyze characteristics, interrelation, and a relation of
these two pieces of information. Based on the
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abovementioned analysis, it will be a good idea to improve
TODIM with the DCN environment.

In this paper, we consider the limited rationality of DMs.
An extended TODIM methodology with DCNs is intro-
duced. As the contributions and innovations, we provide an
extended TODIM methodology for the MADM with DCNs
and explain the steps of the proposed approach in detail.
Moreover, we show the conformity and validity of the
proposed approach by comparison of two existing decision-
making methods.

The leftover of this paper is sequentially described from
Section 2 to Section 5. Section 2 describes preliminaries by
reviewing some basic concepts of TFNs and DCNs. Later on,
Section 2 also reviews some operations of TFNs and DCNs
involving in the proposed extension TODIM procedure for
MADM. In Section 3, we describe the steps of the proposed
extension TODIM. Section 4 demonstrates the case study to
show whether the DM’s risk attitudes can give an influence
on the decision-making results or not. We then compare the
extended TODIM results with the results taken from
[12, 27]. Finally, Section 5 ends up in this paper with some
conclusions.

2. Preliminaries

As the foundation of this study, we in this section will
describe some basic definitions related to this research such
as definitions of a TFN, trapezoidal fuzzy number (TrFN),
linguistic variable, and dual-connection number. Addi-
tionally, we also introduce some basic mathematical oper-
ations that can be used to TFNs and DCNs.

Definition 1 (triangular fuzzy number/TEN). Let @ is a TFN
denoted as @ = (al,aM, aY), then the membership function
of @ is defined by

1 L
x—a
YRS aLstaM,
av —a
fa)=q a”-x U (1)
- 94 <x <a-,
a” —a
L 0, otherwise.

Definition 2 (trapezoidal fuzzy number/TrFN). Let b is
trapezoidal fuzzy number denoted as b = (b%, b1, bM2, bY),
then the membership function of b is described by [28]

([ x- bl

m, bL SbeMl,
B 1, bM< x <bMe,
fo(x) =14 (2)
U _
blh]ibj‘;’ bM< x <Y,
L 0, otherwise.

3
Definition 3. Assuming that b, = (b5,b¥,0Y) and
b, = (b},b)1,bY) are two TENs, then the following ex-

pressions can be applied [12]:
by + by =(by + b5, by + b5, b +b7), (3)

b, =(Aby, Aby', AbS ), A >0. (4)

Deﬁnition 4 (defuzzification of Minkowski). Let
a=(al,aM,aV) is a TEN, then the defuzzification of
Minkowski of @ that has been presented in [29] is

(@ o)

x=a+ E 20 (5)
Definition 5 (inverse ~membership function). Let
Lo [bEbM] — [0,w] and fE: [bMZLbU] — [0, w] are

left and right membership functions of b. Then, the inverse
membership function of f% and fX are defined as follows
[30]:

(0,1},
[0, 1].

L
gp: [0,0] —

’ (6)
gg: [0, 0] —

Definition 6. Let b= (b-,bM1,bM2 BY) be a TrFN, then the
centroid point of b is defined as follows [31]:

CP(b) = (xp(b), yp (b)), (7)
where
b2 W R(
p( B - .[bL b;ffB (x)dx + jbwl xdx + Jsz xfp x)dx,
fE()dx + j o dx + j i S5 (x)dx
Sp(B) - Jo295()dy + [, ya5 ()dy
[y g5 (dy + [ gk (dy

(8)
According to Definition 6, we can obtain the centroid
point of b for the TrEN case as defined in equation (3):
(bMZbU) _ (lebL)
(bM2 + V) — (bM1 + bL) |

xp () :;[bL P MMy

] (&™) - (&™)
7P =3 [1 TV + b9 — (b +bL)]'
9)

As the form of TEN & = (al,aM,aV) is similar to the
TrEN, then the centroid point of @ for the TEN is simply

replaced by the variables of b* = al,bY = gV, b1 = gM, and
bMe = gM,

Definition 7 (the area of the centroid point). Let a is a fuzzy
number that can be either a TFN or TrFN, then the area



between the centroid (the centre of gravity) point denoted by
(xp (@), yp(a@)) is defined [32]:

$(@) = xp(@)+ yp(@). (10)

Definition 8 (ordering fuzzy number). Let @ and b are two
arbitrary fuzzy numbers, then three following conditions are
satisfied [32]:

If $(@)>S(b), then a>b
If S(@) <S(b), then a<b
If S(@) = S(b), thena=b

A connection-number can be literally defined as a
number generated from the connection-degree [24]. Gen-
erally, the connection-degree formula in the SPA is defined
as

S F_p
-+ B+—@. 11
U=y NPY ()

Equation (11) shows the variable N is the total number of
features, the variable S is the number of identity-features,
and the variable P is the number of contrary-features. In
addition, the variable F is known as the number of features
which are not either identity- or contrary-features and the
value of F can be reached from the formula F=N-S-P.
Later on, S/N, F/N, and P/N are also called identity-degree,
discrepancy-degree, and contrary-degree, respectively. The
variable f is the coefficient of the discrepancy-degree, and it
is a real value from -1 to 1 or f € [-1,1], whereas the
variable & is the coefficient of the contrary-degree, and it is
stated as —1. When the values of § and € are not to be
considered, the variable f and € can be pretended as the
markers for the discrepancy-degree and the contrary-degree,
respectively. Clearly, when we assume p = S/N, g =F/N, and
r=P/N, then equation (11) can be shortly rewritten as

u=p+qp+reé, (12)

where the variables p, g, and r satisfy the equation
p+q+r=1. Furthermore, when r=0, we obtain u = p + g8
which is called an identical different dual-connection
number as known as the dual-connection number.

Definition 9 (dual-connection number). Let u is a dual-
connection number (DCN), then u=p+qB, where
p-q € RY, B € [-1,1], and R*is a positive real-number [33].

Definition 10. Assume thatu, = p, + q,f and u, = p, + q,3
are two dual-connection numbers, then the two basic
mathematical operations can be applied [12]:

”u+“b=(Pa+Pb)+(%+%)ﬁ’ (13)
Uy XUy = (papb) + (paqh + 9.9 + pbqa)ﬁ'

Definition 11. If @@= (al,aM,aV) is a TFN where
al <aM <aV € R* and R"is a positive real-number, then a
DCN of a is [12]
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u= = p7 + ¢p, (14)
where
pr=a,
.- V(@ - aL)22+ (@ - (15)
Bel-11].

Definition 12. Assuming that uz; = pz + q;f and u; = py +
‘Eﬁ are two DCNs, then the distance between these two

DCNs is
L(u;, ”Z) =

A variable can be expressed in either the crisp or lin-
guistic term. The crisp dataset is a dataset obtaining a real
value such as grading point average (GPA), age, and Human
Poverty Index (HPI), whereas the linguistic dataset is a
dataset expression that can be one word or sentence pre-
senting an information granular. All data used in this paper
are linguistic datasets.

Pz =yl +laz - a5 (16)

3. The Proposed Extension TODIM Method

Section 3 presents the proposed extension TODIM method
with DCNs using the concept of conversion of triangular
fuzzy numbers (TFNs). In order to apply the method of
classical TODIM for MADM problems with DCNs, we
attempt to extend the classical TODIM principle by com-
bining the concepts of centroid (the centre of gravity) point
of a TFN and identical different DCN. The proposed
TODIM steps are described as follows:

Step 1: construct the decision-matrix A = [@;;],,,., (@;; =
(afj,af‘f,a%)) where (i=1,2,...,m), (j=1,2,...,n),
m is the number of alternatives, and » is the number of
criteria in order to represent the fuzzy dataset.

Step 2: to reduce the influence of different lengths to the
result of the matrix A, the matrix A is transformed in
normalization way to the matrix Z = [Z;j],,, (Z;; =

(ziLj, zf‘f, zg)) using

L M U
aj; aj; aj;
m U’ xm M om L 5
Zi:l“ij il aij 2t aij

< l/ag l/af‘f l/aiLj > e
, , , forjeC g
> (el ym (valt) v (al) J & Sreon

forj € Cbeneﬁt’

(17)

Step 3: convert the normalized decision-matrix Z =

.[Zij],,.,xn (z;; = .(z{‘j, zf;fl, zg)) into the dec.:ision—matrix of
identical different dual-connection number

U= [”ij]mxn(uij =cj+ dijﬁ) using
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A Yo— z
;= . Bel-11].
(18)

Step 4: receive the weight matrix W = [@],,,(@; =
(w?,w?” ,wS-])) for alternative A; with respect to each
criterion C; from the decision-maker.

Step 5: convert the TEN weight values into crisp values
using defuzzification of Minowski or Definition 4 so
that the criterion weight matrix W is becoming W =

[@;]1,, where w; is a crisp value.

Step 6: normalize the TEN’s weight so that the total of
criterion weight is equal to 1:
@j

w; = 19
Y, (19)

Step 7: compute the relative weight w;, of criterion C;
to the criterion C, that can be expressed by

wj
wjr = w_r’ (20)
where w, = max{wjl (j=12,3, ...,n)}.

Step 8: calculate the distance of two DCNs L (u;, ;)
that can be adopted from equation (16):

L(wijoiyy) = |eij = g +|ds; = i (21)

Step 9: enumerate the dominance of each alternative A;
over each alternative A, for each scheme of the cri-
terion C; using equation (22). This can be performed as
the classical TODIM methodology:

wjrL (1t )
L S A
2 =1 Wjr

if (8(@;) > S(@)).

$; (A Ax) =1 0,

if (8(3;) = (3.

1 (Z?:] wjr)L(Uij’ukj)) if(S(aij)<S(akj))>

0 W

(22)

where 0 is a variable or parameter that indicates the
losses attenuation factor. Hence, the matrix of
dominance degree under the criterion C; is con-
structed as

5
Al A2 Am
A [ ¢ dh P
¢'] = [(Mk]mxm = A’z ¢]21 ¢122 (pJZm (23)
A, . , j
i 2 g

where (k=1,2,3,...

Step 10: enumerate the degree of global dominance for
each alternative A; over each alternative A, under the
criterion C; by using

§(A; Ay) = Z ‘/’j (Ap Ap)- (24)
=1

)m;j: 1,2,3,...,1’1).

Step 11: normalize the matrix of global dominance
degree in order to get the global value for each alter-
native A; by using

Thor 0 (An Ay) - IEII\?{ka:I 8(As A}
I}g}/[x{ i O (A AL} - r}g;gl{ZZ“:l 8(AL A}
(25)

y(4) =

Obviously, the global value of each alternative A; will
not be greater than 1 or less than 0.

Step 12: select the best alternative in which the global
value y(4;) has the greater value through the final
ranking order.

4. Results and Discussion

This section will show the results presented by using an
illustrative example and compared to the obtained results of
[12, 27]. We also demonstrate a sensitivity analysis for
conveying the conformity and validity of the extended fuzzy
TODIM approach.

4.1. An Illustrative Example. This subsection will explain
how the proposed fuzzy TODIM can be suitably applied to
a cadre selection problem for an organization in China as
obtained in [12]. The organization had to assess cadres
based on six criteria (attributes): morality and ideology
(AT)), working attitude (AT,), work custom (AT3), level of
education and structure of knowledge (AT,), leadership
(ATs), and ability of exploitation (ATs). Assume that there
were 5 cadre candidates (A;, A,, A;, A,, and A;) who will
be selected by the organization based on their highest
scores. The criterion values of each attribute for each cadre
candidate and the weight of each criterion are expressed in
the form of TFNs. All criteria are previously defined as
benefit criteria.
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TaBLE 1: The decision-making matrix.
. Criterion (attribute)
Alternative
AT, AT, AT, AT, AT AT,
A, (0.8, 0.85, 0.9) (0.9, 0.92,0.95)  (0.91, 0.94, 0.95)  (0.93,0.96,0.99) (0.9, 0.91, 0.92)  (0.95, 0.97, 0.99)
A, (0.9, 095, 1) (0.89, 0.9, 0.93) (0.9, 0.92, 0.95) (0.9, 0.92, 0.95) (0.94, 0.97, 0.98) (0.9, 0.93, 0.95)
A, (0.88, 0.91, 0.95)  (0.84, 0.86,0.9)  (0.91, 0.94, 0.97)  (0.91, 0.94, 0.96)  (0.86, 0.89, 0.92)  (0.91, 0.92, 0.94)
Ay (0.85, 0.87, 0.9) (0.91, 0.93, 0.95) (0.85, 0.99, 0.9) (0.86, 0.89, 0.9) (0.87, 0.9, 0.94) (0.92, 0.93, 0.96)
As (0.86, 0.89, 0.95) (0.9, 0.92,0.95) (0.9, 0.95,0.97)  (0.91, 0.93, 0.95) (0.9, 0.92, 0.96)  (0.85, 0.87, 0.9)
TaBLE 2: The normalized decision-making matrix.
) Criterion (attribute)
Alternative
AT, AT, AT, AT, ATs AT,
Ay (0.17, 0.19, 0.21) (0.19, 0.2, 0.21) (0.19, 0.2, 0.21) (0.2, 0.21, 0.22) (0.19, 0.2, 0.21) (0.2, 0.21, 0.22)
A, (0.19, 021, 0.23)  (0.19, 0.2, 021)  (0.19, 0.19, 0.21)  (0.19, 0.2, 0.21) (0.2, 0.21, 0.22)  (0.19, 0.2, 0.21)
As (0.19, 0.2, 0.22) (0.18, 0.19, 0.2) (0.19, 0.2, 0.22) (0.19, 0.2, 0.21) (0.18, 0.19, 0.21) (0.19, 0.2, 0.21)
A, (018, 0.19, 0.21) (019, 0.21,0.21)  (0.18,0.21,02)  (0.18,0.19,02) (018,02, 021)  (0.19, 0.2, 0.21)
As (0.18, 0.2, 0.22) (0.19, 0.2, 0.21) (0.19, 0.2, 0.22) (0.19, 0.2, 0.21) (0.19, 0.2, 0.21) (0.18, 0.19, 0.2)
TasLE 3: The dual-connection number decision-making matrix.
. Criterion (attribute) (u=p+gp)
Alternative
A Tl A T2 A T3 A T4 A T5 A T6
A 0.19+0.014 0.203 +0.008 8 0.198 +0.008 0.207 +0.008 8 0.198 +0.005 0.21 +0.006
A, 0.213+0.015 0.199 +0.007 8 0.194 +0.009 8 0.198 +0.008 8 0.211+0.007 B 0.201 +0.007 8
As 0.204+0.012 8 0.19+0.008 8 0.198+0.01 8 0.203 +0.008 8 0.194 +0.008 0.199 +0.006 8
Ay 0.195+0.01 8 0.205+ 0.007 8 0.209+0.0158 0.192 +0.007 8 0.196 +0.009 0.201 +0.006
As 0.199 +0.014 8 0.203 +0.008 3 0.2+0.01 8 0.2+0.007 0.2+0.009 8 0.188+0.007 8
TaBLE 4: Weight, defuzzification, normalization, and the relative weight matrices.
. Criterion (attribute) (u=p +4gp)
Weight
AT, AT, AT AT, AT AT,
W, (0.19, 0.21, 0.23)  (0.15, 0.17, 0.19) (0.1, 0.13, 0.15)  (0.15, 0.17, 0.19) (0.1, 0.13, 0.15)  (0.23, 0.24, 0.25)
Defuzzification 0.195 0.155 0.105 0.155 0.105 0.2325
Normalization 0.206 0.164 0.111 0.164 0.111 0.245
The relative weight w;, 0.839 0.667 0.452 0.667 0.452 1

4.2. Computation Steps and Results. In order to determine
the most-right cadre from the selected candidates, we use the
procedure of the proposed fuzzy TODIM approach intro-
duced in Section 3. The results and the computation steps are
sequentially explained in the following:

Step 1: construct a decision-making matrix A as pre-
sented in Table 1.

Step 2: determine a normalized decision-making matrix
Z using equation (18) as shown in Table 2.

Step 3: convert the matrix Z into the DCN form as
shown in Table 3.

Step 4: receive the weight matrix W in form of TFNs as

shown in Table 4.

Step 5: convert the matrix W into crisp values using
Definition 4.

Step 6: normalize the TFN’s weight.

Step 7: compute the relative weight w;, of criterion C;
to the criterion C,.

Step 8: calculate the distance of two DCNs L (u;, uiy;).

Step 9: enumerate the dominance of each alternative A;
over each alternative A, for each scheme of the cri-
terion C;. As an experiment, we in this study use 6 = 1.
It implies that there are contributions from the losses
with the actual value to the global value [34]:



Advances in Fuzzy Systems

0 -0.335 -0.273 -0.200 -0.211

0.069 0 0.049 0.068 0.054
g, =1 0.056 -0.237 0 0.047 0.036 |,
0.041 -0.330 -0.229 O -0.197
0.043 -0.264 —0.173 0.041 0
0 0.029 0.048 -0.134 0
-0.178 0  0.041 -0.202 -0.178
g, =| -0.291 -0.250 0 -0.320 -0.291 |,
0.022 0.033 0.052 0 0.022
0 0.029 0.048 -0.134 0
0 0.026 -0.137 0.045 -0.194
-0.231 0 -0.204 0.048 —-0.246
g5 =| 0.015 0.023 0 0042 0 >
-0.403 -0.431 -0.379 0 -0.354
0.021  0.027 0 0039 0
0 0.039 0.029 0.053 0.036 (26)
-0.240 0  -0.163 0.035 -0.135
g, =| —0.178 0.027 0 0.044 0.022 |,
-0.321 -0.213 -0.267 0 -0.231
-0.223 0.022 -0.134 0.038 0
0 —-0.368 0.029 0.026 -0.223
0.041 0 0.045 0.044 0.037
D5 =| —0.258 -0.409 0 -0.166 —-0.249 |,
-0.234 -0.394 0.018 0 -0.211
0.025 -0.333 0.028 0.023 0
0 0.048 0.054 0.046 0.074
-0.195 0 0.030 -0.053 0.057
Js=| -0.219 -0.124 0  -0.112 0.055
-0.188 0.013 0.027 0 0.057

-0.300 -0.232 -0.223 -0.234 O

Step 10: enumerate the degree of global dominance
0(4;, Apfor each alternative A; over each alternative
Ay under the criterion C;, and the result is shown in the
following matrix:

0 -0.561 -0.251 -0.164 —-0.517
-0.735 0 —-0.203 -0.061 -0.411
d=| -0.874 -0.970 0 —-0.465 —-0.428
-1.083 -1.321 -0.777 0  -0.913
-0.433 -0.751 -0.454 -0.227 O
(27)

Step 11: determine the normalization of the global
dominance degree matrix y(A4,):

7
A [ 11666
A, 1.2044
y(A) = A; 0.6091 (28)
Ay 0
As 1

Step 12: rank all alternatives based on the global value
p(4;) in descending order. The final result is
A,>A >As>A5>A,. The best or the right one is al-
ternative A,.

We then take the final result in terms of the ranking
order to compare with other fuzzy MADM methods (set-
pair analysis [12] and ideal solution (IS) [27]). The com-
parison results show slight differences as shown in Figure 1.

As seen in Table 5, the results obtained from set-pair
analysis and ideal solution methods are exactly the same. It is
because the objectives of both methods are equal to build the
ideal solutions and calculate the distance in various schemes.
The method of ideal solution used the TFN to calculate the
positive IS and negative IS, whereas the method of set-pair
used the DCN to determine the absolute-positive and ab-
solute-negative ideal DCNs. However, the result obtained
from the proposed model is almost the same as the two
others. The model showed that the alternatives A5 and A5 are
being at the 3rd and 4th positions, respectively, whereas the
two others suggested the alternatives A; and A, are being at
the third and fourth positions, respectively.

Even though the proposed method used the concept of
the dual-connection number to convey the fuzzy informa-
tion as presented by the set-pair method, the method
compared the dual-connection number distance of all
possible criteria pairs for each scheme to rank the alter-
natives. Hence, the obtained result in terms of ranking from
the proposed method is slightly closer to the decision-
makers’ perception than the two others. Once the organi-
zation in this case study had to select a single cadre, the three
discussed decision methods can be applied and have sug-
gested the same result.

4.3. Sensitivity Analysis. Sensitivity analysis is a simulation
used in decision-making to analyze how the different pa-
rameter values give impacts on a specific decision under a
certain range condition. In this case study, the simulation is
used to predict whether there is an influence on the alter-
native ranking order or not when we modify the different
values of losses 0. According to Kahneman and Tversky in
[35, 36], the parameter 8 should be given a range from 1 to
2.5.

In these experiments, we attempted to give different
values of the parameter 8 that ranged an interval from 1 to
2.5 and recalculated the ranking orders for each of the
modified parameter value. As seen from Table 6, when we
modify the value of 6 from 1 to 2.5, we see that the ranking
order for each modified value of 6 does not change. This
indicates that the psychological behavior of DM in this case
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tA4) (4)
[ Theext. TODIM
[ Set-pair analysis
[ Ideal solution
FiGure 1: The comparison results.
TaBLE 5: The comparison results.
Methods The result
The extended TODIM A>A>As>As>A,
Set-pair analysis [12] Ay>A>As>As> A,
Ideal solution [27] A>A>As>As>A,

TasLE 6: The ranking-order results of alternatives for each different
value of the parameter 6.

The v(4)
parameter  The ranking order
] Ay Ay Ay Ay A
0=1 Ay-A -As>Ay-A, 1666 1.2044 0.6091 0 1
0=15 Ay-A-As>Az-A, 1.2060 1.2511 0.6134 0 1
0=2 Ay >A>As>As>A, 1.2437 1.2959 06175 0 1
0=2.25 Ay-A-As>Ay-A, 1.2620 1.3177 0.6185 0 1
0=25 A-A-As>A-A, 12799 1.3389 0.6215 0 1
Sensitivity analysis
6 T T T T T
5+ . * = * * * - -

The ranking order
w
1

0 1 1 1 1 1
6=1 0=15 0=2 0=225 6=25
The losses attenuation factor (6)
—— (A (Ay)
—— (Ay) (As)
—— (A3)

FIGURE 2: The sensitivity analysis.
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study does not affect the selection process in the decision-
making. This analysis can be seen in Figure 2.

5. Conclusions and Future Studies

This research proposes an extended TODIM that based on
TFNs for handling the problems under a multiattribute
fuzzy decision-making environment. It shows in a detailed
manner how to utilize the concepts of DCNs in expressing
uncertain information and select the appropriate alterna-
tives using the TODIM in considering the DM judgments on
the given alternatives. In addition, this also demonstrates
how the alternatives’ values in form of TFNs are transformed
into DCNs and the weight values in form of TFNs are
converted into crisp values through a defuzzification process
using the defuzzification of Minkowski. By adopting the
classical TODIM methodology, the matrix of dominance
degree can be constructed, and the ranking order based on
the global value of each alternative can be performed. In the
end, we resolve a cadre selection problem for an organi-
zation in China reviewed from [12] to prove the conformity
and validity of the extended TODIM method. In comparison
with set-pair analysis and ideal solution methods, even
though the extended TODIM can give a chance to the DM
with her or his psychological behavior to affect the fuzzy
information, it returned almost the same result in terms of
the ranking order with the two others.

In the future study, it will be a worthy idea to combining
the TODIM method with some other traditional decision
methods, such as EDAS, AHP, PROMETHEE, and ELEC-
TRE, and further consider other computation approaches of
connection-degree such as gradual analysis, enumeration,
hierarchical analysis, and statistical approaches to generate
connection numbers. In addition, this research could be
continued by reextending the calculation procedure with
anticipation that a new method can be applied appropriately
for other similar personal selection cases, such as manager
selection, scholarship recipient selection, school principal
selection, and others.
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