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In practical decision-making, the behavior factors of decision makers often affect the final decision-making results. Regret theory
is an important behavioral decision theory. Based on the regret theory, a novel decision-making method is proposed for the
multiattribute decision-making problem with incomplete attribute weight information, and the attribute values are expressed by
Atanassov intuitionistic fuzzy numbers. At first, a new distance of intuitionistic fuzzy sets is put forward based on the traditional
Canberra distance. Then, we utilize it for the definition of the regret value (rejoice) for the attribute value of each alternative with
the corresponding values of the positive point (negative point). The objective of this method is to maximize the comprehensive
perceived utility of the alternative set by the decision maker. The optimal attribute weight vector is solved, and the optimal
comprehensive perceived utility value of each alternative is obtained. Finally, according to the optimal comprehensive perceived
utility value, the rank order of all alternatives is concluded.

1. Introduction

Since Professor Zadeh introduced the concept of fuzzy set in
1965, it has been successfully applied in many fields such as
intelligent control, military engineering, economic predic-
tion, and decision-making [1-5]. Zadeh’s fuzzy sets have
been proved to be an effective tool to deal with fuzzy and
imprecise problems [6, 7]. However, in the process of solving
some decision-making problems, due to the limitation of the
time, energy, or incomplete knowledge of decision makers,
decision makers often hesitate, which makes the evaluation
results show three aspects: affirmation, negation, and hes-
itation. Traditional fuzzy sets cannot describe such problems
very well, so Professor Atanassov [8] extended fuzzy sets in
1986 and introduced the concept of intuitionistic fuzzy set
(IFS). By introducing the parameter of nonmembership
degree, IFS can express the information of affirmation and
negation at the same time; furthermore, it can describe the
fuzzy concept of “not this or that,” and then it can describe
the hesitation and uncertainty of the decision maker’s

judgment [9, 10]. Because of this, it can depict the fuzzy
essence of the objective world more delicately than Zadeh’s
fuzzy set in the processing mode. In recent years, the re-
search on the IFS theory has attracted great attention of
scholars and has been applied to the fields of economic
decision-making [11, 12], medical diagnosis [13, 14], image
processing [15, 16], pattern recognition [17, 18], fault tree
analysis [19, 20], and so on. Some other extensions of
Zadeh’s fuzzy set such as picture fuzzy set [6] and rough set
[21] all have received great attention and have many suc-
cessful applications in practice.

Most of the existing intuitionistic fuzzy MADM methods
are based on the expected utility theory, which assumes that
decision makers are completely rational. However, decision
makers often have subjective preferences, such as psycho-
logical and behavioral factors when making decision. So, it is
important to consider the subjective preferences of decision
makers in the decision process. As an important behavioral
decision-making theory, regret theory was firstly proposed
by Bell [22] and Loomes and Sugden [23]. In recent years,
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the research and application of the regret theory have
attracted many scholars’ attention [24-27]. Regret theory
holds that decision makers are concerned about the possible
results if they choose other schemes while considering the
results of schemes. If they find that they can get better results
by choosing other schemes, they will regret them psycho-
logically. Otherwise, they will be happy. Therefore, when
making a decision, the decision maker will estimate the
regret or rejoice that the decision may produce in advance
and try to avoid choosing the plan of expected regret; that is
to say, the decision maker is regret-averse. In this way, the
perceived utility value of the decision maker includes two
parts: the utility value of the current result and the perceived
utility value after comparing with other possible results,
“regret-rejoice” value. Chorus [28] and Qu et al. [29] pointed
out that the regret theory has some advantages over the
cumulative prospect theory in application. For example, in
decision-making, reference points need not be given, and
few parameters in the calculation formula were involved in
decision-making, which makes the calculation simpler [30].
In the decision-making model, regret theory replaces the
expected utility theory, and it is in line with the objective
reality of human beings [31].

Many information measures are proposed for fuzzy
sets, such as entropy, similarity, and distance [32]. In the
classical regret theory, the deviation involving two
numbers can be directly measured in accordance with the
absolute value of the difference between two numbers. To
measure the difference between two IFSs, we are required
to define the distance between two IFSs. Although many
intuitionistic fuzzy distance measures have been con-
structed, some existing distance measures have counter-
intuitionistic special cases, so it is very important to
develop new improved intuitionistic fuzzy distance
measures. Canberra distance, as a classical distance
measure, has been widely applied in image processing,
pattern recognition, and other fields based on the exact
number. Taking into account this distance measure, this
paper develops a novel intuitionistic fuzzy distance based
on the Canberra distance and further applies it to develop
a new intuitionistic fuzzy decision-making method
combined with the regret theory.

The structure of this paper is as follows: Section 2 first
introduces the concept of IFS and then provides some
preliminaries of the regret theory. Section 3 puts forward a
new intuitionistic fuzzy distance measure based on the
traditional Canberra distance. Section 4 develops the
intuitionistic =~ fuzzy  multiattribute  decision-making
(MADM) method based on the regret theory combined with
the proposed intuitionistic fuzzy Canberra distance. Section
5 provides an example, which explains the new method
through the example analysis. Finally, Section 6 is the
conclusion of this paper.

2. Preliminaries

Some basic concepts and properties of IFSs and regret theory
are reviewed in this section.
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Definition 1 (see [8]). Let X = {x;,x,,...,x,} be a universal
set. A set U is called an IFS in X if
U = {<x;py (x,), vy (x;) > | x; € X}. Here, py(x;) and
vy (x;) are the membership degree and nonmembership
degree of x;, respectively. They satisfy uy (x;), vy (x;),

vo (x;) + vy (x;) € [0,1] for Vx; € X. Let
my (%) =1 —py (x;) — vy (x;); then, my(x;) is called the
hesitancy degree of  x; Sometimes, IFS

U ={<x;uy (x;),vy(x;)> | x; € X} is also expressed as
U = { <x; py (x), vy (), 1y (x;) > | x; € X}

Remark 1. Grzegorzewski [33] introduced the concept of
intuitionistic fuzzy number (IFN) as an extension of the IFS
in the continuous case, and intuitionistic fuzzy numbers
have many applications in the engineering field [34]. In
order to avoid confusion and for convenience, if there is only
one element in X, we call U an Atanassov intuitionistic fuzzy
number (AIFN). Each AIFN has a physical interpretation,
for example, if A=<0.6, 0.2, 0.2>, then y, = 0.6, v, = 0.2,
and m, = 0.2, which can be interpreted as “the vote for
resolution is 6 in favor, 2 against, and 2 abstention.”

In actual decision-making process, most of the decision
makers are not so rational, so the decision maker’s behavior
factors need to be considered when making a decision. The
prospect theory and regret theory are put forward in this
context. In the increasingly complex, modern, political, and
economic environment, decision makers need to consider
not only the results obtained after choosing a certain scheme
but also the possible decision results after assuming that
other alternatives are chosen. In the regret theory, the
perceived utility function is composed of two parts: the
utility function of current decision-making results and the
regret-rejoice function compared with other decision-
making results. Let a and b, respectively, represent the results
that can be obtained by selecting scheme A and scheme B.
Then, the perceived utility of decision makers for scheme A
is

u(a,b) =v(a) + R(v(a) —v(b)). (1)

Among them, v (0) represents the utility value of scheme
6 and R(v(a)—v(b))is called regret-rejoice value. If
R(v(a) — v (b)) is positive, then it is called a rejoice value,
which indicates the extent to which the decision maker is
glad to choose the scheme or give up the scheme. If R(v(a) —
v (b)) is negative, then it is called a regret value, which
indicates the extent to which the decision maker regrets to
choose the scheme or give up the scheme. Obviously, the
regret gratification function R(-) should be monotonically
increasing and concave, i.e., it satisfies R’ (-) >0, R" (-) <0,
and R(0) = 0. Loomes and Sugden [23] pointed out that
regret-rejoice function R(-)can be expressed as follows:

R(Av) =1 — exp (—5Av). (2)

Here, §>0 is the regret avoidance coefficient of the
decision maker, and the greater § related to, the larger the
regret avoidance degree of the decision maker. Av is the
difference between the utility value of any two schemes.
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Figure 1 shows the image of the regret-rejoice function with
different values.

Let A;(i =1,2,...,m) be i-th alternatives, and g; is the
result of alternative A;. According to the regret theory, in
decision analysis, when the positive ideal point is taken as
the reference point, the decision-making evaluation value
will not be greater than the positive ideal point, and at this
time, the decision maker will regret. When the negative ideal
point is taken as the reference point, the decision-making
evaluation value will not be less than the negative ideal point,
and at this time, the decision maker is happy. Note that x;; is
the attribute evaluation value of scheme A; under the
evaluation attribute o; given by the decision maker; then,
according to Loomes and Sugden [23], the regret value of
each attribute evaluation value x;; of scheme A, is related to
the corresponding attribute valuex? of the positive ideal
point, and the joy value of each attribute evaluation value x;;
of scheme A; is related to the corresponding attribute value
x; of the negative ideal point. The gratification values can be
expressed as

Rilj =1- exp<8|xij - x}r|>,

) (3)
R;=1- exp<—8|xij - X; |>,
where §>0 is the regret avoidance coeflicient of decision
makers.

A large number of psychological studies have shown that
regret, as a negative emotion, has a stronger effect on utility
than rejoice. Therefore, the decision maker’s comprehensive
regret-rejoice value for the evaluation value of scheme A;

under the evaluation attribute o i is

R;; = Rilj + R,-zj =2- exp<5|x,-j - xj') - exp<—6|x,»j - x]_|>
(4)

According to Loomes and Sugden [23], power function
v(x) =x% 0<a<l,is used as a utility function of the at-
tribute value in this paper. The greater the degree of risk
aversion of decision makers is, the smaller « is. « is called the
risk aversion coefficient of decision makers. It can be proved
that if Ay, > 0, there is |[R (—6Av,)| > R (Av,). This shows that
compared with Av,, decision maker’s psychological per-
ception is more sensitive to —Auv,, that is, decision makers
are regret-averse.

3. A New Distance Based on the
Canberra Distance

In this section, we will propose a new distance measure
between two IFSs based on the Canberra distance. The
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FIGURE 1: Regret-rejoice function, RAv.
Canberra distance of two real vectors x = (x,%,,...,x,)
and y = (¥}, Y5 --.>¥,)is defined as follows (Perlibakas
(35]):
d(x,y) = il (5)
REn

As an important information measure, Canberra dis-
tance has been successfully applied in image processing,
medicine, and other fields [36-38]. Due to the fact that the
denominator is zero, the numerical value is meaningless.
Then, we propose a revised version of the Canberra distance
measure as follows:

Zd(»c,y) Z

Note that constant 2 can be changed as any other positive
numbers.

Let X = {x,X,,...,x,} be a universal set. Then, for two
given IFSs, A = {<x;,py (x;),v4 (x,), 74 (x;) > | x; € X}and
B ={<x;ug(x;),vg(x;), m5(x;)> | x; € X}, and the new
intuitionistic fuzzy information measure based on Canberra
distance d (A, B) is constructed as follows:

| _yll

— T (6)
2+|x | +|y,|

|7TA (x;) + 7 (xi)l

Z l/‘A

d(A,B
AB = 2|27 () —u

5 () 2+VA(x)+VB( i) 2+ () +mp(x) |

(7)



Next, we will prove d (A, B) is a valid distance measure.
In this section, let R* be a set of nonnegative real numbers.

Lemma 1. Let a,b,c € R* and a<b<c. Then,

a-c a-b
ja-cl _ la-bl

® 2+a+c 2+4+a+b
.. la—cl |b—cl
8
(i) 2+a+c22+b+c’ ®)
la—c| la - b |b—cl
(iif) 2+a+c32+a+b 2+b+c¢
Lemma 2. Let a,b,ceR* and d,(a,b)= (la-bl)/
(2 + a + b); then,
d,(a,b)<d,(b,c) +d, (a,c). (9)

Proof. For the case 0<a<b<c, according to Lemma 1, we
have
(i) d, (a,c)=d, (a,b); then, d, (a,b)<d, (a,c)+d, (b,c)
(ii) d, (a,c)=d, (b,c); then, d, (b,c)<d, (a,c) +d, (a,b)
(iii) d, (a,¢) <d, (a,b) + d, (b, ¢)
That is, d, (-, -) satisfies trigonometric inequality. And we
can easily prove that d, (-, -)satisfies trigonometric inequality

in other cases using a similar reasoning process. Then, the
conclusion is proved. O
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Theorem 1. Let A = {<x;,p,(x;),v4(x;)> |x; € X} and
B={<x;ug(x;),vg(x;)>|x; € X} be two IFSs in
X = (x},%,,...,X,). Then, d(A, B) defined in (7) is a valid
distance measure between A and B. That is, d (A, B) satisfies
the following properties:

(i) d(A,B)>0
(ii) d(A, B) = d (B, A)

(iii) d(A,B)<d(B,C) +d(A,C), for any IFSs A,B,
and C

Proof
(i) Obviously, d (A, B) >0.

(i) d(B,A) = (1/n) Z [((lpp (x;) = pra (x)1/2 + pp (x;) +

pa(x)) + (Ivg (xSl— Va2 +vp (%) +v,4(x;)) +
(lmg (x;) = wu (|2 + g (x;) + 74 (x))] =

(/1) Y [lpa (x,) = prp ()12 + g () + g () +
i=1

(Ivg () =vg (X2 + v, (%) + v5(x;)) + (|4
() = g (X2 + 74 (x;) + w5 (x;))] = d (A, B).

(iii) If A, B, andC are three IFSs, A ={<x; p,(x;),
va(x)> | x; € X}, B = {<x;,ug(x;),vg(x;)>
|x; € X}, and C = { < x;, e (), v (x;) > | x; € X},
then by (i) of Lemma 2, we have

dy (pa(x;) +pp(x;)) <dy (pp (%) + pie (%)) + dy (a (%) + pc (x5)),
dy(va () +vp(x) <dy (v (%) + ve (7)) +dy (va (x) + ve (%)) (10)
dy (4 (x;) + mp (x;)) <dy (75 (x;) + 7 (%)) + dy (714 (x7) + 710 (x7))

while

d(A,B) = % i[dl (ua (x;) + g (x3)) + dy (va (x;) + v (x7)) + dy (4 (x;) + 715 (;)) |- (11)

i=1

Consequently, d (A, B)<d(B,C) +d(A,C)

Then, we complete the proof of Theorem 1.

If we consider the important degree of x; (i = 1,2,...,n)
and let w; (i=1,2,...,n) be the important degree of

x, (i=1,2,...,n),
Y, w; =1, then we can get a weighted distance d,, (A, B)
between A and B as follows:

|14A (x;) — pg (xi)l + lVA (x;) +vg (xi)|

which satisfies w; € [0,1] and

|7TA (x;) + mp (xi)|

dy (A,B) = i w;
i=1

2+ py (x;) = pg ()

2+v,(x) +vp(x;) 2+my(x;) +m5(x;) |

(12)
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Remark 2. If w;=1/n, (i=12,...,n), then
dy (A, B) = d(A, B). Obviously, dy, (A,B) is also a valid
distance, and the proof process is similar to d(A,B) in
Theorem 1.

4. A New Regret Theory-Based Decision-
Making Method

In this section, we will put forward a new intuitionistic fuzzy
MADM method based on the regret theory combined with
the above proposed distance. The detail decision process is
shown in Figure 2.

For an intuitionistic fuzzy MADM problem, for the
convenience of description, the following symbols represent
the set or quantity in the decision:

X ={xy,x,,...,x,}: the set of m alternatives (m>2).

O ={o0,,0,,...,0,}: the set of n attributes (n>2),
where o; represents the jth attribute.

w = (W, w,,...,w,) : the vector of attributes’ weights.
This is because in the decision-making process, dif-
ferent attributes usually have different importance.
Here, w; is the weight information of attribute
0; (j=12,...,n), satisfying w;>0(j=12,...,n)
and Yiiw; = 1. When the attribute weight informa-
tion is partially known, the set of mathematical ex-
pressions that record the known partial weight

information is denoted by H.

X;j = <f;j» v;j > the evaluation value of alternative x;
given by the decision maker under attribute o;. The
numbers y;; and v;; show the degree of satisfaction and
dissatisfaction of the decision maker with the value of
the alternative x; under the index o}, respectively. They

satisfy 0<p;; < 1 0<v;;<1,and0<py;; +v; <L
Now, we can get an intuitionistic fuzzy decision-making
matrix X = (x; mxn- 1t is required to determine the order of
alternatives and choose the optimal alternative.
Now, we propose a new decision-making method based
on the regret theory. The decision maker’s comprehensive
regret-rejoice value of the evaluation value x;; = <y;;, v;; >

of scheme x; under the evaluation attribute o; is

R,»j:Rilj+R =2- exp[8d( XijX )] exp[ 6d( XijX )]
(13)

In this paper, function v;;(x;;) = S(x;)% 0<a<1, is
used as a utility function of the attribute value, and S(x) is
the score function of the AIFN. Then, the decision maker’s
perception utility function of the corresponding attribute
value x;; of scheme x; can be expressed as

Fi.:vij+Rir:2+S(xi) exp[éd( Xij» X )]

- exp[ 5d<x1],x )]

Next, we discuss the method to determine the attribute
weight of intuitionistic fuzzy MADM. Let H be the set of
known weight information. For each scheme x;, its com-
prehensive perceived utility function is

(14)

F(x)—inj

= Y ujfers(x) - ewfod(x, )] P

—_exp[ (Sd(xlj,x )]}

The weight should be determined so that the greater the
comprehensive perceived utility, the better the scheme x; is.
Therefore, the following optimization model can be estab-
lished, and its objective function is

max F = (F(x;),F(x,),...,F(x,,)). (16)

According to the fact that “the greater the compre-
hensive perceived utility, the better the scheme” and the fair
competition among the schemes aimed at the maximization
of the comprehensive perceived utility of the decision maker
to the scheme set, the optimization model for solving the
attribute weight is established as follows:

-espl-(x;5) ]}, ”
w € H,

s.t ngw] =1
ijO, j=L2,...,n

The optimal weight vector w* = (w;,w;},...,w,*)" can
be obtained by solving the above model with MATLAB or
LINGO software.

Thus, it can be seen that the optimal comprehensive
perceived utility value of the decision maker to scheme x; is

H,; = ij* {2 +S(x,~ ) exp[&d( X X )]
j=1 (18)

- exp[ 8d(x,],x )]}

Finally, according to the comparison of the optimal
comprehensive perceived utility value, the ranking results of
all schemes can be obtained. The larger the value H; is, the
better the corresponding alternative x; is.

Next, the calculation steps of the MADM method based
on the regret theory are given as follows:

Step 1: calculate the score §;;
Value Xij = <Uijp V>,
- (Srj)mxn

Step 2: determine the positive and negative ideal point.
The positive ideal point is defined as x* =

(x1,X35...,%,), where x7 = <1,0>, j=1,2,...,n

= p;; — v;; of attribute

and get the score matrix
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Description of the fuzzy MADM model (consider attribute and alternative)

v

Describe attribute values by AIFNs

v

Construct the new distance measure

A 4

A 4

Construct the optimization| | Solve attributes’
model by regret theory weights

Compute the comprehensive
perceived utility value of
each alternative

!

Rank all alternatives

FI1GURE 2: The calculation process of the intuitionistic fuzzy MADM model.

The negative ideal point is defined as x~ =

(x7,X35...,%,), where x; = <1,0>, j=1,2,...,n

Step 3: calculate the distances d (x; 7» x}T) and d (x; 7 x]‘-),
where d(A,B) represents the intuitionistic fuzzy
Canberra distance between A= <p,,v,> and

B = <ug,vg>. Then,

L Hi Vij 1=y = vy
)

Btpy 24 3y

d(x

(19)
Hij 1—”fj+1—ﬂij""ij

d(x;,x;) = + :
(’f 1) 24p; 3+ 3— -

Step 4: according to equation (14), calculate the per-
ceived utility function value F;; of attribute value x;;
corresponding to each alternative.

Step 5: establish optimization model (17), and calculate
the optimal weight vector w* with the help of MATLAB
software.

Step 6: the optimal weight obtained from Step 5 is
substituted into equation (18), and the comprehensive
perceived utility value of each alternative is obtained.
The merits and demerits of the scheme are determined
according to the comprehensive perceived utility value
H;. The higher the value of H;, the better the corre-
sponding alternative x;.

5. Numerical Example

The effectiveness and practicability of this method are il-
lustrated by an example of assembly parts’ supplier selection

H :{w = (Wpwy, ..., ws)" |w, £0.3,0.1 <w,<0.2,02 <w; <0.5,0.1 Sw, <0.3ws

in Xu [39]. With the economic globalization and the con-
tinuous expansion of enterprise scale, the problem of sup-
plier selection has become an important management
decision-making problem that all large enterprises need to
seriously consider. Let a manufacturing company prepare to
find the best supplier in the world for purchasing the most
critical parts in the assembly process.

After the primary selection, there are five alternative
suppliers x; (i = 1,2, 3,4, 5). Now, the company will evaluate
the suppliers according to the following five evaluation
indicators (attributes): product price (o0,), product quality
(0,), service performance (05), supplier’s situation (o,), and
risk factors (o5). After experts’ discussion, the evaluation
values of each attribute of the candidate suppliers are finally
obtained. Suppose the manufacturing company invites N
experts to make the judgment. They are expected to answer
“Yes” or “No” or “I do not know” to the question whether
alternative x; satisfies attribute o ;- Let Qy (1, j) and Qy (4, §)
denote the sum of “Yes” and “No,” respectively. Then, the
degrees to which alternative A; satisfies and does not satisfy

attribute o j can be calculated as

Q)
1] N 4
(20)
_Qn ()
TN

Then, the evaluation values are expressed by AIFNs, as
shown in Table 1.

It is assumed that the attribute weight information is
partially known, and the attribute weight satisfies

(22)

—w; 0.1, wy >w, ws <0.4, w;y — Wy > ws — wy}.
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TaBLE 1: Attribute evaluation value of each alternative supplier o;.

Evaluation attribute

03

04

05

Suppliers

01 )
x4 <0.449, 0.370> <0.565, 0.162>
X5 <0.719, 0.188> <0.630, 0.232>
X3 <0.546, 0.192> <0.727, 0.182>
Xy <0.520, 0.337> <0.630, 0.100>
X5 <0.727, 0.128> <0.520, 0.299>

<0.705, 0.232>
<0.448, 0.378>
<0.641, 0.322>
<0.539, 0.271>
<0.619, 0.318>

<0.730, 0.170>
<0.557, 0.160>
<0.399, 0.200>
<0.679, 0.188>
<0.618, 0.229>

<0.646, 0.354>
<0.597, 0.192>
<0.658, 0.192>
<0.708, 0.198>
<0.609, 0.120>

Next, we use the proposed decision-making method to
sort the five suppliers and choose the best desirable supplier.

These  suppliers are  sorted according to
H;(i=1,2,3,4,5) from large to small. The result is
X4>X5>X>X5>X,, and supplier x, is the best choice.

ij
X;j = <#;v;;>. Then, we get the score matrix
§=(Si})sxs» and the calculation result is shown in

Table 2.

Step 2: determine the positive and negative ideal point.

Step 1: calculate the score S;; = y;; —v;; of attribute

The positive ideal point is defined as

X" = (X%, X3), (23)

where x7 = <1,0>, j=1,2,...,5.

The negative ideal point is defined as

X = (X6, X5, (24)

where x; = <0,1>, j=1,2,...,5.

Step 3: calculate the Canberra distances d (x
d(x; i
Step 4: the perceived utility function F;; of attribute x;;
corresponding to each alternative is calculated. In this
paper, « = 0.88and § = 0.3 are used for calculation, and

the calculation results are shown in Table 5.

ij»x;) and
x]T), and the results are shown in Tables 3 and 4.

Step 5: according to equation (17), the following linear
programming model is established:
maxV = 1.873%w, + 2.2942w, + 1.5653w;
+2.2187w, + 2.3540ws,
[ w, <0.3,
0.1<w,<0.2,
0.2<w, 0.5,
0.1<w,<0.3,
(25)
w; —w; <0,
s.t. 4
wy = wy,
w5 <0.4,
W3 — Wy = Ws — Wy,

W, +tw, +w; +tw, +ws =1,

[ Wy, Wy, ..., w520,

TABLE 2: Score matrix of attribute values of each alternative under
each attribute.

Evaluation attribute

Suppliers

0, 0y 03 0y 05
X, 0.0790 0.4030 0.4730 0.5600 0.2920
X 0.5310 0.3980 0.0700 0.3970 0.4050
X3 0.3540 0.5450 0.3190 0.1990 0.4660
Xy 0.1830 0.5300 0.2680 0.4910 0.5100
Xs 0.5990 0.2210 0.3010 0.3900 0.4890

TaBLE 3: Distance set between attribute values of each scheme and
corresponding values of PIS.

Xy % X X3 x5
X 0.3989 0.3171 0.2141 0.1983 0.2475
X 0.2059 0.2704 0.3991 0.3226 0.2951
X3 0.3314 0.2002 0.2554 0.4347 0.2509
X4 0.3473 0.2685 0.3364 0.2355 0.2137
Xs 0.2010 0.3494 0.2730 0.2786 0.2843

TaBLE 4: Distance set between attribute values of each scheme and
corresponding values of NIS.

Xy X X3 X3 x3
X 0.4533 0.6054 0.5288 0.5768 0.4367
X, 0.5636 0.5417 0.4472 0.6076 0.5784
X3 0.5834 0.5672 0.4650 0.5833 0.5705
Xy 0.4718 0.6488 0.5219 0.5705 0.5571
Xs 0.6130 0.5018 0.4724 0.5458 0.6348

TaBLE 5: Perceived utility function values of attribute values cor-
responding to each alternative.

Evaluation attribute

Suppliers

0, 0, 03 0, 05
Xy 0.0739 0.3923 0.5591 0.6703 0.2657
Xy 0.6186 0.4826 0.0060 0.3975 0.4545
X3 0.3341 0.6254 0.4041 0.1804 0.5028
Xy 0.1167 0.5838 0.3110 0.6002 0.5441
X5 0.7307 0.2101 0.2850 0.3702 0.5868

Solving model (25), we get the optimal attribute weight
vector w* = (0.1,0.1,0.2,0.25,0.35)".

Step 6: calculate the comprehensive perceived utility
value of each alternative, and get
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H, = 0.4190,
H, = 0.3698,
H, = 0.3979, (26)
H, = 0.4728,
H, = 0.4490.

According to the result of Xu [39], the ranking order is
X5>X,>X, >X,>%5, which is different from the result of this
paper. This is because the optimization model established by
the score function in Xu [39] does not consider the influence
of the degree of hesitation on the ranking of IFSs.

Most of the existing intuitionistic fuzzy MADM methods
are based on the expected utility theory assuming that de-
cision makers are completely rational. However, in the actual
MADM process, decision makers often have subjective risk
preferences, such as psychological and behavioral factors for
alternatives. So, it is important to consider the risk attitude
of decision makers in the decision process. In this article, a
new regret theory-based decision-making method is pro-
posed for the MADM problem in which attribute values are
expressed by AIFNG.

The advantage and limitation of the proposed decision-
making method can be summarized as follows:

(1) The comprehensive perceived utility value con-
structed in this paper not only considers the score
function but also considers the decision maker’s
regret gratification value; therefore, it is more in line
with the objective reality

(2) How to determine the most suitable values of pa-
rameters in the regret theory is its limitation

The novelty of this paper is the proposition of a new
decision-making method based on the regret theory, which
can better reflect the psychological and behavioral factors of
the decision maker than many existing decision-making
methods. This paper also develops a new weighting method
based on the intuitionistic fuzzy Canberra distance.

6. Conclusion

For the MADM problem in which attribute values are
expressed by AIFNSs, this paper develops a new decision-
making method based on the regret theory combined with
an extension of the Canberra distance measure. The main
contributions of this article are as follows:

(1) Regret theory can describe humans’ psychological
behavior under uncertain conditions more truth-
fully, and it can explain the phenomena that expected
utility theory cannot. Our decision-making method
considers the psychological factors of decision
makers based on the regret theory, which can be
more in line with the reality.

(2) This article first constructs a new distance of IFSs
based on the traditional Canberra distance. Then, a
new weighting method is put forward by establishing
an optimization model, which is a model of the

Discrete Dynamics in Nature and Society

maximum optimal comprehensive perceived utility
value under given weighting information. The new
method enriches and develops the weight attribute
determination method.

(3) A numerical example of supplier selection is utilized
to show the effectiveness and feasibility of the pro-
posed method. The proposed MADM method based
on the regret theory has advantages of simple cal-
culation process and easy software implementation.

In future, we will apply the proposed MADM method to
solve other decision-making problems, such as the risk
evaluation, system optimization, and material selection.
Furthermore, we will develop the new intuitionistic fuzzy
distance for the application of clustering analysis and image
processing.

Data Availability

The data supporting this numerical example are from [39]
which has been cited.

Conflicts of Interest

The authors declare that they have no conflicts of interest to
this work.

Acknowledgments

This research was supported by the National Natural Science
Foundation of China (no.71661012). This paper was selected
as an excellent paper from the 6th International Conference
on Fuzzy Systems and Data Mining (FSDM2020) which is to
be held online during November 13-16, 2020.

References

[1] X. Xie, D. Yue, H. Zhang et al., “Fault estimation observer
design for discrete-time takagi-sugeno fuzzy systems based
on homogenous polynomially parameter-dependent Lyapu-
nov functions,” IEEE Transactions on Cybernetics, vol. 47,
no. 9, pp. 2504-2513, 2017.

[2] J. Qin, W. Fu, H. Gao et al,, “Distributed k-means algorithm
and fuzzy c-means algorithm for sensor networks based on
multiagent consensus theory,” IEEE Transactions on Cyber-
netics, vol. 47, no. 3, pp. 772-783, 2017.

[3] Y. Z. Han and Y. Deng, “An enhanced fuzzy evidential
DEMATEL method with its application to identify critical
success factors,” Soft Computing, vol. 22, pp. 5073-5090, 2018.

[4] G.C. Mahata, “A production-inventory model with imperfect

production process and partial backlogging under learning

considerations in fuzzy random environments,” Journal of

Intelligent Manufacturing, vol. 28, no. 4, pp. 883-897, 2017.

K. Mittal, P. C. Tewari, and D. Khanduja, “Productivity

improvement under manufacturing environment using

shainin system and fuzzy analytical hierarchy process: a case
study,” The International Journal of Advanced Manufacturing

Technology, vol. 92, pp. 407-421, 2017.

[6] A.Si, S. Das, and S. Kar, “An approach to rank picture fuzzy
numbers for decision making problems,” Decision Making:
Applications in Management and Engineering, vol. 2, no. 2,
pp. 54-64, 2019.

[5



Discrete Dynamics in Nature and Society

[7] M. Stankovic, P. Gladovic, and V. Popovic, “Determining the
importance of the criteria of traffic accessibility using fuzzy
AHP and rough AHP method,” Decision Making: Applications
in Management and Engineering, vol. 2, no. 1, pp. 86-104,
2019.

[8] K. T. Atanassov, “Intuitionistic fuzzy sets,” Fuzzy Sets and
Systems, vol. 20, no. 1, pp. 87-96, 1986.

[9] W. Jiang, B. Y. Wei, X. Liu et al,, “Intuitionistic fuzzy power

aggregation operator based on entropy and its application in

decision making,” International Journal of Intelligent Systems,

vol. 33, no. 1, pp. 49-67, 2018.

I. Montes, N. R. Pal, and S. Montes, “Entropy measures for

atanassov intuitionistic fuzzy sets based on divergence,” Soft

Computing, vol. 22, pp. 5051-5071, 2018.

[11] R. Joshi and S. Kumar, “A novel fuzzy decision-making

method using entropy weights-based correlation coefficients

under intuitionistic fuzzy environment,” International Jour-

nal of Fuzzy Systems, vol. 21, no. 1, pp. 232-242, 2019.

P. Rani, D. Jain, and D. S. Hooda, “Extension of intuitionistic

fuzzy TODIM technique for multi-criteria decision making

method based on shapley weighted divergence measure,”

Granular Computing, vol. 4, pp. 407-420, 2019.

[13] M. X. Luo and R. R. Zhao, “A distance measure between
intuitionistic fuzzy sets and its application in medical diag-
nosis,” Artificial Intelligence in Medicine, vol. 89, pp. 34-39,
2018.

[14] N. X. Thao, M. Ali, and F. Smarandache, “An intuitionistic

fuzzy clustering algorithm based on a new correlation coef-

ficient with application in medical diagnosis,” Journal of

Intelligent & Fuzzy Systems, vol. 36, no. 1, pp. 189-198, 2019.

F. Zhao, H. Liu, J. Fan et al., “Intuitionistic fuzzy set approach

to multi-objective evolutionary clustering with multiple

spatial information for image segmentation,” Neuro-

computing, vol. 312, pp. 296-309, 2018.

[16] D. Kumar, R. K. Agrawal, and H. Verma, “Kernel intui-
tionistic fuzzy entropy clustering for MRI image segmenta-
tion,” Soft Computing, Soft Computing, vol. 24, pp. 4003-4026,
2020.

[17] X. Luo, W. M. Li, and W. Zhao, “Intuitive distance for
intuitionistic fuzzy sets with applications in pattern recog-
nition,” Applied Intelligence, vol. 48, pp. 2792-2808, 2018.

[18] H. Verma, A. Gupta, and D. Kumar, “A modified intui-
tionistic fuzzy c-means algorithm incorporating hesitation
degree,” Pattern Recognition Letters, vol. 122, pp. 45-52, 2019.

[19] M. Kumar, “Applying weakest t-norm based approximate
intuitionistic fuzzy arithmetic operations on different types of
intuitionistic fuzzy numbers to evaluate reliability of PCBA
fault,” Applied Soft Computing, vol. 23, pp. 387-406, 2014.

[20] S.Kabir, T. K. Geok, M. Kumar et al., “A method for temporal
fault tree analysis using intuitionistic fuzzy set and expert
elicitation,” IEEE Access, vol. 8, pp. 980-996, 2020.

[21] H. K. Sharma, K. Kumari, and S. Kar, “A rough set approach
for forecasting models,” Decision Making: Applications in
Management and Engineering, vol. 3, no. 1, pp. 1-21, 2020.

[22] D. E. Bell, “Regret in decision making under uncertainty,”
Operations Research, vol. 30, no. 5, pp. 961-981, 1982.

[23] G. Loomes and R. Sugden, “Regret theory: an alternative
theory of rational choice under uncertainty,” The Economic
Journal, vol. 92, no. 368, pp. 805-824, 1982.

[24] X. D. Peng and J. G. Dai, “Approaches to pythagorean fuzzy
stochastic multi-criteria decision making based on prospect
theory and regret theory with new distance measure and score
function,” International Journal of Intelligent Systems, vol. 32,
no. 11, pp. 1187-1214, 2017.

(10

(12

(15

[25] Y. Yang and J. Q. . Wang, “SMAA-based model for decision
aiding using regret theory in discrete Z-number context,”
Applied Soft Computing, vol. 65, pp. 590-602, 2018.

[26] M. M. Xia, “A hesitant fuzzy linguistic multi-criteria decision-
making approach based on regret theory,” International
Journal of Fuzzy Systems, vol. 20, pp. 2135-2143, 2018.

[27] J. Somasundaram and E. Diecidue, “Regret theory and risk
attitudes,” Journal of Risk and Uncertainty, vol. 55, pp. 147-
175, 2017.

[28] C. G. Chorus, “Regret theory based route choices and traffic
equilibria,” Transportmetrica, vol. 8, no. 4, pp. 291-305, 2010.

[29] G. Qu, T. Li, W. Qu et al,, “Algorithms for regret theory and

group satisfaction degree under interval-valued dual hesitant

fuzzy sets in stochastic multiple attribute decision making

method,” Journal of Intelligent and Fuzzy Systems, vol. 37,

no. 3, pp. 3639-3653, 2019.

X. Zhang, Z. P. Fan, and F. D. Chen, “Risky multiple attribute

decision making with regret aversion,” Journal of Systems &

Management, vol. 23, no. 1, pp. 111-117, 2014.

[31] H. D. Wang, X. H. Pan, J. Yan et al,, “A projection-based
regret theory method for multi-attribute decision making
under interval type-2 fuzzy sets environment,” Information
Sciences, vol. 512, pp. 108-122, 2020.

[32] M. Kumar, “Intuitionistic fuzzy measures of correlation co-
efficient of intuitionistic fuzzy numbers under weakest tri-
angular norm,” International Journal of Fuzzy System
Applications, vol. 8, no. 1, pp. 48-64, 2019.

[33] P. Grzegorzewski, “Distances and orderings in a family of
intuitionistic fuzzy numbers,” in EUSFLAT Conference, IEEE,
Zittau, Germany, September 2003.

[34] M. Kumar, “Evaluation of the intuitionistic fuzzy importance

of attributes based on the correlation coeflicient under

weakest triangular norm and application to the hotel ser-

vices,” Journal of Intelligent and Fuzzy Systems, vol. 36, no. 4,

pp. 3211-3223, 2019.

V. Perlibakas, “Distance measures for PCA-based face rec-

ognition,” Pattern Recognition Letters, vol. 25, no. 6,

pp. 711-724, 2004.

[36] C. Ananth, M. Karthikeyan, N. Mohananthini, and
G. Yamuna, “Adaptive and robust multiple image water-
marking using canberra distance and dual tree complex
wavelet transform,” Journal of Computational and Theoretical
Nanoscience, vol. 16, pp. 1234-1240, 2019.

[37] S. M. Emran and N. Ye, “Robustness of chi-square and
canberra distance metrics for computer intrusion detection,”
Quality and Reliability Engineering Internatioal, vol. 18, no. 1,
pp. 19-28, 2002.

[38] Y. M. Yang, R. Jia, H. Xun et al., “Determining the number of
instars in simulium quinquestriatum (diptera: simuliidae)
using k-means clustering via the canberra distance,” Journal of
Medical Entomology, vol. 55, no. 4, pp. 808-816, 2018.

[39] Z. S. Xu, “Multi-person multi-attribute decision making
models under intuitionistic fuzzy environment,” Fuzzy Op-
timization and Decision Making, vol. 6, no. 3, pp. 221-236,
2007.

[30

(35



