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In some complex decision-making problems such as talent selection, experts often hesitate between multiple evaluation values
during their decision making and can only give a range of information due to the fuzziness and imprecision of qualitative
decision-making attributes. Interval intuitionistic fuzzy sets and their decision-making methods provide a useful tool to describe
the fuzziness of decision attributes and decision experts” hesitation. However, the abnormal information in the expert decision
information has not been considered in the previous works; that is, some interval intuitionistic fuzzy numbers exceed the defined
interval range. This kind of abnormal decision information often makes it difficult to obtain accurate decision results using the
decision model. To avoid the abnormal information influence on decision-making results, the hesitancy degree-based interval
intuitionistic fuzzy sets are employed to propose an adaptive correction method of abnormal information, which can correct the
abnormal decision information without changing the decision preference of experts. The abnormal information correction
method is utilized to construct a new interval intuitionistic fuzzy entropy by combining hesitancy and fuzziness. This provides a
multiattribute decision-making method, including abnormal decision information. Finally, the effectiveness and superiority of the
proposed method and decision-making model are evaluated using an application case study of talent selection.

1. Introduction

As an essential work of modern human resource manage-
ment, talent selection plays a vital role in recruitment, pro-
motion, reserve cadre training, and performance appraisal. In
the talent selection process, the assessment content is so
complex, making it difficult to evaluate the assessment in-
dicators accurately. The conventional talent selection
methods, including permutation comparison, democratic
election, expert evaluation, performance evaluation, and ac-
tual investigation methods, employ the qualitative investi-
gation or simple statistical comparison and do not have a
reliable scientific basis for guiding the selection work. This
leads to a lack of scientific talent evaluation results as a
reference for decision making in the talent selection process.
New talent selection methods are mainly based on AHP
(analytic hierarchy process), fuzzy decision theory, neural
network, and fuzzy combination optimization method [1-4],
which can significantly improve the processing ability of fuzzy

talent evaluation indicators; for example, Capaldo and Zollo
utilized fuzzy logic and multiattribute decision methods to
study the talent evaluation problem [5, 6], Nussbaum et al.
employed the decision support system for talent selection [7],
Rothstein and Goflin studied the personality measure ap-
plication in talent selection [8], and Jessop determined the
minimum deviation weight required for talent selection [9].
Although the above methods provide a solution for evaluating
fuzzy indicators, the decision-making process is still based on
the comprehensive judgment of experts. Experts’ cognitive
results show hesitation between affirmative and negative in
the practical applications of the talent selection due to the lack
of complicated things knowledge. The impact of this hesitant
information on the selection results cannot be completely
described through the existing talent selection methods. As a
result, there is a specific deviation between the final selection
results and the experts” decision-making opinions, making it
impossible to select talents accurately and efficiently. Thus,
lots of researchers have started to focus on the multiattribute
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decision analysis methods. Lai and Ishizaka utilized the
multicriteria decision analysis method in talent selection
process [10]. Yang et al. combined multiobjective optimiza-
tion with integrated decision [11]. The paper will delve into
the talent selection method based on the intuitionistic fuzzy
set theory with references to the aforementioned papers.

In 1986, Atanassov presented the intuitionistic fuzzy set
concept [12], considering not only membership (as the tra-
ditional fuzzy sets) but also nonmembership and hesitation.
The mentioned concept provides a scientific and effective
method to deal with the imprecise and uncertain information
of expert decision-making opinions in talent selection. Later,
Atanassov and Gargov extended the intuitionistic fuzzy set
and developed the interval intuitionistic fuzzy set concept
[13], which can completely describe the attribute information
of things. Besides, aiming at the fuzzy attribute decision-
making problem, Xu presented the integration operator of
interval intuitionistic fuzzy numbers, including weighted
geometric integration and weighted aggregation operators
[14]. Li et al. [15] employed the perspective of interval evi-
dence combination to establish a new interval intuitionistic
fuzzy set decision-making method, and Tan et al. [16] pro-
posed an interval intuitionistic fuzzy number ranking method
based on TOPSIS (Technique for Order of Preference by
Similarity to an Ideal Solution). At the same time, the de-
termination of attribute and decision-maker weight vector in
the uncertain multiattribute group decision-making problem
is a research challenge that can be solved through the entropy
weight method. Zhao and Xu [17] proposed a reasonable
axiomatic condition of intuitionistic fuzzy entropy and a
series of intuitionistic fuzzy entropy relations by considering
both fuzziness and hesitation. Continuing their work, relevant
works have been performed on axiomatic conditions of in-
terval intuitionistic fuzzy entropy and entropy calculation
relation [18, 19]. However, since the membership and non-
membership degrees of interval-valued intuitionistic fuzzy are
interval values, the fuzziness description is more complicated
than intuitionistic fuzzy sets. When experts provide signifi-
cant information about interval-valued intuitionistic fuzzy
sets, abnormal interval-valued intuitionistic fuzzy numbers
that do not meet the defined conditions may appear. The
traditional interval-valued intuitionistic fuzzy decision-
making methods cannot deal with decision information
matrices containing this abnormal information. At the same
time, since during the entropy calculation process of some
published works, the defined axiomatic conditions of interval
intuitionistic fuzzy entropy cannot be fully satisfied in ex-
treme cases, the definition of interval intuitionistic fuzzy
entropy is still an open challenge.

Therefore, this paper verifies the possibility of employing
the fuzzy multiattribute group decision making in talent
selection. Considering the abnormal decision-making infor-
mation, an interval intuitionistic fuzzy decision-making
model with abnormal information is utilized to propose a
talent selection method. Firstly, the expression of interval
intuitionistic fuzzy sets is analyzed to present the following
assumption: the hesitancy degree in expert evaluation in-
formation is stable in a short time. The stable state of interval
intuitionistic fuzzy sets is adopted to develop a method for
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correcting abnormal information in interval intuitionistic
fuzzy sets. Secondly, the relevant definitions of hesitancy and
fuzziness are utilized to illustrate why the axiomatic definition
conditions of inter-region intuitionistic fuzzy entropy in the
existing literature cannot be satisfied in extreme cases. A more
reasonable axiomatic condition of interval intuitionistic fuzzy
entropy is presented, and the interval intuitionistic fuzzy
entropy expression in a finite field is proposed for applying to
multiattribute decision making with completely unknown
weight information. Finally, the efficiency and advantages of
the proposed outlier correction method and interval intui-
tionistic fuzzy entropy decision-making model are investi-
gated by applying to a talent selection application case.

The remaining parts of this study are arranged as follows.
Section 2 introduces the definition and operation rules of
interval intuitionistic fuzzy sets. The adaptive correction
method of interval intuitionistic fuzzy sets with abnormal
information is presented in Section 3. Section 4 verifies why
the existing axiomatic definition conditions of inter-region
direct fuzzy entropy cannot be satisfied in extreme cases and
revisits it in a more reasonable axiomatic condition of in-
terval intuitionistic fuzzy entropy. Moreover, the interval
intuitionistic fuzzy entropy expression in a finite field is
proposed. In Section 5, the abnormal information pro-
cessing method of interval intuitionistic fuzzy set and in-
terval intuitionistic fuzzy entropy are adopted to construct
an interval intuitionistic fuzzy decision model with abnor-
mal information. In Section 6, the proposed interval
intuitionistic fuzzy decision model is applied to a practical
talent selection decision making. Finally, Section 7 presents
the essential contents and conclusions of this study.

2. Interval Intuitionistic Fuzzy Set and
Its Algorithm

Definition 1 (see [12]). Let X be a nonempty set; then, A =
{<x, 1y (x), 74 (x))|x € X} is called the intuitionistic fuzzy set,
where u, (x) € [0,1] and v, (x) € [0, 1] are the membership
and nonmembership degrees of the element x in X belonging
to A, respectively, satisfying the following conditions:

O<pp(x)+v,4(x)<1, xeX (1)
Moreover, the element x in X belongs to the hesitation
74 (x) of A, which can be defined as

Tu(x)=1-pyu(x)—vy(x), x€X. (2)

The fuzzy degree A , (x) that the element x in X belongs
to A is described as

Ay (x) =|pa (%) = vy ()] (3)

For convenience, o = (y,,7,) is called the intuitionistic
fuzzy number, where y, € [0,1], v, € [0,1],and p, + v, <1.

If the membership degree p, (x) and nonmembership
degree v, (x) of the element x in the intuitionistic fuzzy set
belonging to A are represented with interval values, then the
intuitionistic fuzzy set can be extended to the interval
intuitionistic fuzzy set.



Mathematical Problems in Engineering

Definition 2 (see [20]). Consider that the discourse domain
is denoted by X, and the interval intuitionistic fuzzy set A is
defined as A = {(x, ﬁ~(x),7z(x)>|x € X}, where PZ (x) =
[y% (x),y%(x)] c[0,1] and 7X(x) = [vL x),v%(x)] c[0,1]
aré the membership and nonmembership dégrees of the
element x in X belonging to A, respectively, meeting the
condition u® (x)+18(x)<1. The ordered interval pair
o~ (x),i; (924)> composed of the membership interval
ﬁz?x) and nonmembership interval iz(x) is called the
interval intuitionistic fuzzy number.

The hesitation 77, (x), where the element x in X belongs
to A, can be described as

7~ (%) = 1 =i (x) - 75 (x)
R R L L (4)
:[1 —‘uz(x) —vz(x),l—yz(x) —vz(x)].

The fuzzy degree A ~ (x) that the element x in X belongs
to A can be expressed ﬁy Ai(x) and 5% (x) [21]:

A% () = [k (x) = = (0 A% (x0) =]l () = 2 ().

(5)

When the fuzzy degree A 3 (x) indicates that the element
x belongs to A, it is unnecessary to utilize the interval
A % (%), &% (x)] because &% (x) > &i (x) may occur. For
example, the fuzzy degree of the interval intuitionistic fuzzy
number {[0.3, ()~4L], [0.4,0.45]) can be calculaged using re-
lation (5), Az(xl:L [0.3 —9.%I =01, AZ(x)=104-
0.45] = 0.05, that is, A% (x) > A7 (x).

Definition 3 (see [22]). Let a = {[a,b], [c,d]), a; = {[a;,
b,], [c;,d]), and «, = {[a,,b,], [c,,d,]) be the interval
intuitionistic fuzzy numbers. Now, the following operations
can be applied to these numbers:

(1) Complementary operation: & = {[c,d], [a,b]).

(2) Intersection operation:

a; N a, ={[min(a,,a,), min(b;,b,)],
- [max(c,, c;), max(d,, d,)]).

B

IIFWA (ay, oy, . . .5 at,,) =<[1 -

n n

IIFWG (a;, 1y, - - - at,,) :(|:H az-u‘,l_[bl-u"

i=1 i=1

3. Abnormal Information Processing of Interval
Intuitionistic Fuzzy Sets

In the face of complex decision-making problems, experts
should give decision-making opinions on multiple attribute
information of multiple decision-making objects. Since experts
prefer to express their intuitive feeling with interval intui-
tionistic fuzzy sets, they should provide the corresponding
interval intuitionistic fuzzy sets. According to Definition 2, each

(3) Union operation:

a U, =([max(a;,a,), max(by,b,)],
- [min(cy,¢,), min(d,, d,)]).

(7)

(4) Sum operation:

o, ®a, ={[a, +a, —a,a,,b; + b, —bb,], [c;c,,d d,]).
(8)

(5) Multiplication:

o, ®a, ={[aa,,b,b,], [c; + ¢, —cic,dy +d, — did,]).
9)
(6) Scalar multiplication:
Aa=([1-(1-a)1-(1-b)"], [d'], 1>0.
(10)

(7) Exponential operation:
I EY) 1 A
o =([d b ], [1-(1-ot1-a -]y, A>o.
(11)

The weighted arithmetic average and weighted geometric
average operators for the interval intuitionistic fuzzy
numbers with multiple attributes can be obtained using the
above operations (see [14] for details).

Definition 4 (see [14]). Let «o; = [a;,b;], [c;d;], i= 1,2,

..,nbe an interval intuitionistic fuzzy number describing n
attribute indices of the decision unit, the corresponding
weight is denoted by w;,w,,...,w,, and the condition
Y wi=1,w;>0,i=1,2,...,n is satisfied. Now, the
weighted arithmetic average operator IIFWA and the
weighted geometric operator IIFWG of the interval intui-
tionistic fuzzy number can be defined as

(12)

interval intuitionistic fuzzy set A= {(x, ;72 (%), 72 (x))|x € Xl
provided by experts should meet the condition u® (x) + %
(x) < 1. If the membership and nonmembership of ah interval
intuitionistic fuzzy set appear in expert decision information,
satisfying p® (x) + v2 (x) > 1, then the interval intuitionistic
fuzzy set should be ‘provided again by experts for abnormal
situations. However, to deal with real decision-making prob-
lems, it is often difficult for experts to directly find this abnormal
information while providing interval intuitionistic fuzzy sets.



Decision makers should give feedback on the mentioned ab-
normal information to corresponding experts in the informa-
tion processing stage to modify the abnormal interval
intuitionistic fuzzy sets, which requires a lot of time and labor
costs.

By analyzing the expression of interval intuitionistic fuzzy
sets of experts’ opinions, hesitation describes the degree to
which experts’ judgment information belongs to neither
membership nor nonmembership, reflecting experts’ cognitive
level of decision objects or attributes. Due to the relative stability
of the experts’ cognitive level in a short time, their hesitation
degree on the judgment information of specific objects or at-
tributes is also relatively stable. If an adaptive correction method
of abnormal information can be designed based on the hesi-
tation degree of expert decision information and the abnormal
interval intuitionistic fuzzy set meeting p2 (x) +v8 (x) > 1 is
mapped to the one satisfying the conditionAyB (x) +HR (x)<1,
so that the hesitation degree of the mapped one is similar to that
of the expert decision information, then it can be adopted as the
correction information of abnormal one for decision
calculation.

The analysis of the interval intuitionistic fuzzy set definition
shows that the hesitation degree description is neither mem-
bership nor nonmembership degree. The hesitation degree of
intuitionistic fuzzy set in relation (2) can be obtained by sub-
tracting the real numbers corresponding to membership and
nonmembership degrees, while the hesitation degree of interval
intuitionistic fuzzy set in relation (4) can be calculated by
subtracting the interval numbers corresponding to membership
and nonmembership degrees. If interval intuitionistic fuzzy sets
degenerate into intuitionistic fuzzy sets, relation (4) is converted
to relation (2). This means that the hesitation degree and the
correction method of interval intuitionistic fuzzy sets are a
generalization of those of intuitionistic fuzzy sets.

It is assumed that the steady value of hesitation degree of
expert’s intuitionistic fuzzy set for a specific decision object or
attribute is 77, and the expert has abnormal intuitionistic fuzzy
number a = (y,, v,) for the decision attribute corresponding to
the decision object, where y, € [0,1], v, € [0,1], y, + v, > 1,
and 7, =1 -y, —v, describe the hesitation degrees of ab-
normal intuitionistic fuzzy numbers. Consider that line seg-
ments represent the membership, nonmembership, and
hesitation degrees of intuitionistic fuzzy numbers. Now, the
visual representation of the correction mapping f (6) can be
described with a schematic diagram shown in Figure 1.

The correction mapping of abnormal intuitionistic fuzzy
numbers presented in Figure 1 should satisty the following
conditions:

M 2] + V(X + 7T0£
0="—"——o
Yo + Vo + T,

! ! !
Yo T Vet T, =1,

/_[’ltx
4/"oc_§’ (13)
v, ="
o 6’
nl="e

L7 9
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FIGURE 1: The schematic diagram of abnormal intuitionistic fuzzy
number correction mapping.

By solving the above equations, the components of the
modified intuitionistic fuzzy number o' = (4,,v,) can be
obtained as

[4’ :lu(x(l _T[oi)
Mgt
(14)
'Voi _ va(l —77,'(;).
o T 7y

It can be easily verified that the modified intuitionistic
fuzzy number ' = (u,, v,) satisfies the condition y, + v, < 1,
and the hesitation degree has a stable value 7,. The men-
tioned method can extend the correction method of ab-
normal information of intuitionistic fuzzy numbers to
interval ones. If the abnormal interval intuitionistic fuzzy
number is denoted by a = {[a,b], [c,d]), then the stable
interval value of expert hesitation degree can be described as
(Ahak =[1-b -d,1-a —c'], while the correction
mapping is indicated by f(0;,0;). Now, the modified in-
terval intuitionistic fuzzy numbers o' = ([a’,b'], [¢',d'])
can be obtained by solving the following equations:

b+d+ 7k
T 1, =D
b+d +7,

' 1 <'L
b+d +7m, =1,

(15)

’ a
da =—-=
GR)
0oL
or
TR
ﬁf:ﬁ.
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Solving relation (15) gives the components of the modified
interval intuitionistic fuzzy number o' = ([a’,b'], [¢',d']) as

()

a=—->7=
a+c
b(l—ﬁ;f)
[ —
b+d
(16)
c(l —ﬁ;R>
(="
a+c
d(1—ﬁ;f)
d=———~
b+d

Specifically, whena = b,c = d,a’ =b',c' = d' are chosen
in relation (16), equation (16) converts to equation (14). This
means that the intuitionistic fuzzy number abnormal in-
formation correction method is a particular case of its in-
terval one.

4. Fuzzy Entropy of Interval Intuitionistic
Fuzzy Sets

It can be seen from Definition 3 that any interval intui-
tionistic fuzzy set A includes hesitation and fuzzy degrees as
two kinds of preference expression information. The former
describes neither membership nor nonmembership, while
the latter describes the difference between membership and
nonmembership. The fuzzy degree of the intuitionistic fuzzy
set in relation (3) can be obtained through the relation of the
distance between real numbers corresponding to member-
ship and nonmembership. However, the fuzzy degree of
interval intuitionistic fuzzy sets in formula (5) only calcu-
lates the left and right endpoints of membership and
nonmembership interval numbers according to the distance
relation between real numbers, which can neither extend the
fuzzy degree of intuitionistic fuzzy sets nor reflect the fuzzy
degree definition essence. Therefore, in this paper, the
mentioned fuzzy degree is redefined by calculating the
Euclidean distance between interval numbers.

Definition 5 (see [23]). The fuzzy degree A~ (x) that the
element x in X belongs to A can be defined s

V2o
= - d(fiz (0,7 ()

= g \j(ﬂi‘ (x) = 7% (96))2 +<u§ (%) =4 (x))z,
(17)

5;(96)

where d(ﬁz(x)ﬁz (x)) represents the Euclidean distance
between interval numbers.

For the fuzzy degree Az(x) in Definition 5, the fol-
lowing natural conditions should be satisfied:

1) Osﬁz(x)sl.

(2) E~ (x) =0 if and only if ﬁ~ (x) = 7~ (x).

(3) &A( x) =1 if and only if yz(x) = [0,0], v~(x)
[1,1], or /,t~(x) = [1,1], v~(x) [0,0].

(4) A~ (x) A~ (x), where A ~ (x) is the fuzzy degree
of the com}?lement operation A “ of the interval
intuitionistic fuzzy set A.

According to Definition 5, when the interval intui-
tionistic fuzzy set A degenerates into the intuitionistic fuzzy
set, the fuzzy degree relation (17) converts to the intui-
tionistic fuzzy set fuzzy degree relation (3), that is, the fuzzy
degree A~ (x) in Definition 5 is an extended version of that
of lntultlonlstlc fuzzy set in Definition 1.

Although the hesitation and fuzzy degrees in Definition
2 were employed in [17] to present the axiomatic condition
of entropy of interval intuitionistic fuzzy sets, some natures
are still flawed under the particular condition that the en-
tropy value is 0. Therefore, the mentioned axiomatic con-
ditions are redefined using [15].

Definition 6 (see [23]) E: A(X) — [0,1] is a real nu-
merical function of A~ (x) nz(x) and 71~ (x;), which
satisfies the following conditions’

(1) E(A) =0 if and only if A is an exact set, that is,
Vx € X, ﬁz(x) = [0,0], ?X(x) =[1,1] or ﬁz(x) =
[1,2], ?X(x) = [0, 0].

(2) E(A) =1 if and only if A=
€ X}

(3) E(A) = E(A"), where A is the complement set of A.

(4) E (A) decreases monotonously with respect to
A~ (x;), while it increases monotonously with re-
spect to 77% (%) ﬁ%(xi).

{<x, [0,0], [0,0]>]x

Definition 6 can be utilized to present the entropy
function theorem of interval intuitionistic fuzzy sets and
reconstruct the entropy value formula for a finite field X.

Theorem 1 (see [17, 23]). Let D ={(y,z;,2,)|ly < [0,1],
z,<[0,1],2z,<[0,1]}, and F: D — [0, 1] is a continuous
function. Now, the entropy function E: A(X) — [0, 1] can
be constructed as

E(A) =

;F(ﬁz(xi), e (), 72 (). (18)

S | =

The axiomatic conditions in Definition 6 will be satisfied,
if and only if the function F meets the following conditions:

@) F(y.z1,2,)
(2) F(y,z,z,) =1, ifand only if y = 0,2, =2, = 1.

=0,ifand only if y =1,2, =2, = 0.

(3) The function F is a monotonously decreasing
function of y, while it is a monotonously increasing
function of z; and z,.

Theorem 1 was proved in [23].



We construct the entropy formulas in reference to
[17,24]. According to Theorem 1, the entropy relation of the
interval intuitionistic fuzzy set can be described as

ER-LY 2-2(85(x) +(ﬁ4;(x,~>) () ]

i=1

(19)

5. Multiattribute Group Decision-Making
Method with Unknown Weights Using
Interval Intuitionistic Fuzzy Entropy

Let A={A,A,..,A,}, C={C,Cy...,C,}, and
P ={P,,P,,..., P} be the alternative scheme, the decision
attribute, and the decision expert sets, respectively.
D ={D,,D,,...,D;} describes the decision information
matrix set of the expert group, where D; (I =1,2,...,k)
denotes the decision information matrix of the scheme set A
on the attribute set C for the expert P, (I =1,2,...,k).

! !
dn dln
D= + | (20)
d. ... d

ml "’ mn
where dﬁj = ([y%,yﬁ?], [v%,vif]) (i=12,....mj=12,
.., n) represents the interval intuitionistic fuzzy set decision
information given by the expert P, for attribute C; of the
scheme A;. In the decision attribute set, if the decision at-
tribute is a benefit, the scheme is better for higher scheme
attribute values; if the decision attribute is cost type, the
complementary operation of interval intuitionistic fuzzy set
can be utilized to transform it into a benefit attribute value.
Among them, expert and decision attribute weights are
entirely unknown. Specific decision-making steps are
summarized as follows:

Step 1: correction of abnormal information of the
decision matrix.

(1) Screening abnormal information: traverse k expert
decision matrices D; (I =1,2,...,k) and indicate
whether there is abnormal interval intuitionistic
fuZZy. set dﬁ = ([‘uﬁ»]L-, ,uﬁ], [vf]L-, vﬁ]) in the decision
matrix D; so that gt + v >'1.

(2) Correction of abnormal information: suppose that
there is an abnormal interval intuitionistic fuzzy set
dﬁ,j,. Now, the arithmetic mean of the hesitation
interval of the interval intuitionistic fuzzy set can be
calculated after removing abnormal information in
the i’ — th row and the j' —th column of the de-
cision matrix D). Let the mean value of the row

hesitation interval be [n'L, nﬁ?], the mean value of

1
the column hesitation interval be [7'L, 78], and the
preference coefficient between decision object

hesitation and decision attribute hesitation of the
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decision maker be y (y is larger than 0.5 if decision
maker hopes to keep experts’ stable judgement of
decision objects; y is less than 0.5 if decision maker
hopes to keep experts’ stable judgement of decision
attributes; otherwise, y is equal to 0.5); then, the
stable value of the hesitation interval in the abnormal
information  correction  process  is [nﬁ,L.,,
nffzj,] = [yﬂé,L+ (1- y)ﬂ’;, )/7'[?2 + (1 -y, while
thé abnormal information can be corrected using
relation (16).

Step 2: conversion of the cost attribute value.

For the k expert decision matrices D; (I =1,2,..., k)
modified by the abnormal information, aiming at the
cost attribute, the interval intuitionistic fuzzy set
complement operation under this attribute can be
transformed into the benefit attribute value, and the
transformed k expert decision matrices are indicated
by D, (I=1,2,...,k).

Step 3: information integration of decision-making
experts.

(1) Combine the jth attribute values of the ith scheme
given by k experts with the decision matrix D; (I =
1,2,...,k) to form the vector KD;;= (dilj,dl.lj,...,
dl T ,df-‘j) and calculate the corresponding entropy
vector using relation (19).

(2) Calculate the weight w! ; for each expert on thejth
attribute of the ith scheme.

(3) The interval intuitionistic fuzzy set weighted ag-
gregation operator [19] is employed to integrate k
expert decision matrices D; (I =1,2,..., k) and
obtain the expert comprehensive decision matrix
A D.

dll"'dln X
@) AD={ : - i |d=YLwd,i=1,2, ..,
d, --d

m;j=1,2,...,n

mn

Step 4: integration of decision attribute information.

(1) Employ relation (19) to calculate the entropy matrix
E (A D) of the comprehensive decision matrix A D
as

E(dy) -+ E(dy,)

E(AD) = (21)

E(dml) ) E(d‘mn)

(2) Calculate the attribute weight vector w = (w,, w,,
Low,) W= (1_ZZ1E(dij))/(”—Z?':1 >
E(d), j=12,....n

(3) The weighted aggregation operator of interval
intuitionistic fuzzy sets is utilized to weight and
aggregate the comprehensive decision matrix A D
to  obtain  the integration  result as
SAD = (SAD,,SAD,, ...,SAD,, ...,SAD,),

1

where SAD; = Z§:1 djjwj, i=12,...,m.
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Step 5: ranking the advantages and disadvantages of
decision objects.

(1) Relation (19) can be employed to calculate the en-
tropy vector E(SAD) of the integration result SAD
as

E(SAD) = (E(SAD, ), E(SAD,), ..., E(SAD,,)).
(22)
(2) According to the interval intuitionistic fuzzy en-
tropy definition, the lower values for the scheme’s

entropy in the integration result reflect a superior
scheme.

6. Application of Interval Intuitionistic Fuzzy
Entropy-Based Multiattribute Decision-
Making Model in Talent Selection

To solve the recruitment problem of company A, for example,
three experts in company A evaluated 3 candidates and picked

the top one among them with 4 evaluation indices: thinking
logic,innovation capacity, management coordination, and
decision-making  ability. In the decision process,
A={A}, A, A}, C={C,,C,,C5,Cy}, P = {P,, P,, P3}, and
D = {D,, D,, D;} describe the scheme, the decision attribute,
the decision expert, and the expert decision matrix sets, re-
spectively. The experts employed interval intuitionistic fuzzy
sets to express the interviewers’ comprehensive evaluation to
obtain the interval intuitionistic fuzzy set decision matrix
D, (1=1,2,3) of expert P; (I =1,2,3) on scheme set A on
attribute set C, while the matrix element dé j = ([‘ugf,
yff], [v%,vf?]) (i=1,2,3;j=1,2,3,4) represents the satis-
faction and dissatisfaction of expert P; on scheme A; on at-
tribute C;. The specific data of the decision matrix are given as
follows:

{[0.70,0.80], [0.05,0.15]) <[0.75,0.80], [0.05,0.10])
D, =| ¢[0.55,0.65], [0.20,0.30]) ([0.68,0.76], [0.15,0.21])

{[0.75,0.80], [0.10,0.15]) ([0.42,0.48], [0.45,0.55])

{[0.70,0.76], [0.10,0.15]) ([0.82,0.85], [0.05,0.10])
D, =| ([0.55,0.60], [0.25,0.30]) {[0.65,0.70], [0.20,0.25])

([0.70,0.85], [0.05,0.10])

([0.86,0.92], [0.05,0.10]) ([0.70,0.75], [0.05,0.15])
D, =| ¢[0.70,0.75], [0.05,0.10]) <([0.65,0.76], [0.10,0.15])

{[0.55,0.60], [0.25, 0.30]

{[0.50, 0.60], [0.25, 0.35])

0.35,0.45], [0.40, 0.50])
0.70,0.80], [0.05,0.10])

q
4
([0.50, 0.65
{[0.30,0.35
4

],
I,

0.40,0.50])

0.78,0.85], [0.05,0.10])
[0.60, 0.65], [0.25,0.30]) <[0.65,0.70], [0.15,0.20])

{[0.45,0.50
{[0.65,0.73
([0.65,0.75

1,
1,
I,

[
[
[0.25,0.30])
[
[
[

[0.30,0.35])
[0.12,0.20])
[0.15,0.22])

{[0.60,0.70], [0.15,0.20])
([0.45,0.50], [0.05,0.15])
([0.70,0.80], [0.05,0.10])
([0.40,0.45], [0.35, 0.40])
([0.62,0.75], [0.10,0.15])
([0.70,0.74], [0.15,0.20])
([0.60,0.65], [0.25,0.35])
([0.55,0.63], [0.05,0.15])
<[0.50,0.55], [0.15,0.20])

6.1. Talent Selection Analysis of Multiattribute Decision-
Making Model Using Abnormal Information Modification and
Interval Intuitionistic Fuzzy Entropy

Step 1. After inspection, it can be concluded that D, (3,2)
and D, (1, 1) are abnormal interval intuitionistic fuzzy sets
in the expert decision information matrix, and the prefer-
ence coeficient proposed by the expert is y = 0.5. According
to the correction method of abnormal information in Sec-
tion 5, the corrected interval intuitionistic fuzzy numbers of
D, (3,2) and D;(1,1) are obtained as {[0.39,0.44], [0.41,

(23)

0.50]) and ([0.74,0.81], [0.04,0.09]), respectively. More-
over, the corrected decision information matrix is still
represented as D = {D,, D,, Ds}.

Step 2. The four comprehensive evaluation attributes are all
benefit ones without any need to transform.

Step 3. The entropy relation (19) is employed to calculate
each expert’s weight on the jth attribute of the ith scheme,
while the expert decision matrix is integrated to obtain the
expert comprehensive decision matrix AD as

{[0.7133,0.7911], [0.0590, 0.1243])  {[0.7649,0.8067], [0.0500,0.1133]}

AD=

([0.6144,0.6792], [0.1264,0.1974])>  {[0.6604,0.7424], [0.1428,0.1976])

([0.6845,0.7814], [0.1003,0.1570]>  <[0.5045,0.5722], [0.2947,0.3728])
([0.3698, 0.4367], [0.3780, 0.4439])  {[0.5451,0.6174], [0.2324,0.2999])
([0.7182,0.8021], [0.0832,0.1423])  <[0.5504, 0.6485], [0.0643,0.1500])
{[0.6088,0.7045], [0.1759,0.2346])>  {[0.6518,0.7234], [0.0994, 0.1543])

(24)
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TaBLE 1: Calculation results of three decision models.

Decision model Interviewer ranking results Winner
Outlier correction decision model (the proposed method in this article) Ay > A3 > A A,
Decision model 1 Ay > A > A, A,
Decision model 2 Ay > A > A A,

Step 4. By using the comprehensive decision matrix A D,
the attribute weights can be calculated as

w = (w;, w,, w3, w,) = (0.1747,0.2213,0.2875,0.3165).
(25)
The SAD results after integrating are given by
SAD, ={[0.6018,0.6692], [0.1497,0.2320]),
SAD, =([0.6403,0.7262], [0.0930, 0.1648]), (26)
SAD, =([0.6174,0.7020], [0.1492,0.2122]).

Step 5. According to the aggregation result SAD = (SAD,,
SAD,,SAD;), the corresponding entropy values are calcu-
lated as follows:

E(SAD,) = 0.4601,
E(SAD,) = 0.4198, (27)
E(SAD;) = 0.4483,

As previously discussed, the smaller the entropy value is,
the better the result is. Accordingly, the ability ranks of the
three interviewers are given as follows: A,>A;>A,.

The proposed interval intuitionistic fuzzy set abnormal
information correction method and decision model can ef-
fectively solve complex decision-making problems in real
applications like abnormal expert decision-making
information.

6.2. Comparative Analysis of Decision-Making Methods.
To further evaluate the advantages of the proposed multi-
attribute decision-making method, two new decision-
making models are constructed in this section to deal with
the aforementioned talent selection problems and compare
the results of these three decision-making models. After
eliminating the abnormal information processing steps form
the proposed decision model, decision model 1 is con-
structed. Decision model 2 can be obtained by replacing the
entropy formula of inter-region intuitionistic fuzzy sets in
the proposed decision model with the decision model after
entropy formula (28) in reference [24].

(1- &5 () (2+ 7L (5) + 72 ()

El (A) = 4

S| =
M=

Il
—

(28)

The aforementioned talent selection case employs de-
cision-making model 1 to calculate the following results:

w = (wy, wy, wy, w,)
= (0.1421,0.2397,0.3113,0.3069);
E(SAD,) = 0.4487, (29)
E(SAD,) = 0.4187,
E(SAD;) = 0.450.

It can be concluded from the calculation results that
although the final decision results can be obtained by
direct use of the decision information data containing the
intuitionistic fuzzy number of the abnormal interval, there
is a significant difference between the calculated attribute
weight vector and one obtained after correcting the ab-
normal information. Finally, the ranking result of the
interviewers A; and Az obtained from model 1 is that
Ay > Aj. This completely contradicts the proposed method
results.

The aforementioned talent selection case adopts deci-
sion-making model 2 to calculate the following results:

w = (W, wy, w3, wy)
=(0.1394,0.2397,0.2840, 0.3369);
E(SAD,) = 0.2687, (30)
E(SAD,) = 0.2278,
E(SAD;) = 0.2659.

According to the decision result of model 2, although the
decision attribute vector and the entropy value of the se-
lected person’s comprehensive ability are different from the
corresponding ones obtained from this method, the primary
trend of the data result remains the same.

Decision results are summarized in Table 1 to visually
analyze the differences in the calculation results of the three
decision models.

According to the calculation results of the three deci-
sion-making models (see Table 1), although the final
candidate for all decision models is A;, the interviewees’
ranking results are different. Among them, the interviewer
ranking result calculated by decision model 1 is completely
different from the other two ones. Due to the lack of ab-
normal data processing in the decision information, the
result of the interviewers A, and A; is the opposite of the
proposed method. Simultaneously, although the calcula-
tion result of decision model 2 is similar to the proposed
method, the proposed axiomatic definition and calculation
formula of interval intuitionistic fuzzy entropy can meet all
extreme conditions and provide superior applicability.
Therefore, the proposed multiattribute decision-making
model combining interval intuitionistic fuzzy number



Mathematical Problems in Engineering

anomaly information correction method with entropy
theory can effectively solve the multiattribute decision-
making problem with unknown weights containing
anomalous information and has various applications.
Through the comparative analysis of three decision-making
models, the method proposed in this paper avoids the
manpower, time, and economic costs caused by human
factors. Compared with the traditional decision-making
model, it has the advantages of efficient algorithm, strong
realizability, and wide application fields.

7. Conclusion

This paper focuses on the situation that abnormal interval
intuitionistic fuzzy sets may appear in expert decision-
making information in the process of multiattribute expert
group decision making in talent selection. The main inno-
vations of the paper are listed below:

(1) The hesitation degree is utilized to design a cor-
rection method of abnormal interval intuitionistic
fuzzy set, which is capable of mapping abnormal
interval intuitionistic fuzzy set to standard infor-
mation based on the constant preference of experts
in decision making. The correction method of ab-
normal interval intuitionistic fuzzy set is utilized to
solve the talent selection problem based on the
multiattribute decision making. This method can
make up for the lack of ability for current multi-
attribute methods to deal with abnormal informa-
tion. This method can avoid possible changes from
abnormal information. The proposed method in the
paper can correct abnormal information. The cor-
rection process mainly refers to the experts’ judge-
ment information. The method cannot accurately
know experts’ long term judgement preferences. In
consecutive research, this problem needs to be
further improved.

(2) This paper calculates the distance of interval num-
bers and the ambiguity of interval intuitionistic fuzzy
sets. Then, the hesitation degree is combined with the
fuzzy degree of interval intuitionistic fuzzy sets to
modify the previous definition of interval intui-
tionistic fuzzy entropy and construct its relation in a
finite field when limit condition cannot be satisfied.
The correction method of abnormal interval intui-
tionistic fuzzy set and interval intuitionistic fuzzy
entropy are utilized to solve the talent selection
problem based on the multiattribute decision
making. The entropy weight method is adopted to
propose a multiattribute group decision-making
method with a completely unknown weight, where
its feasibility and effectiveness are verified through a
numerical example.

(3) The proposed method can avoid the result deviation
and some invalid data caused by the intuitionistic
fuzzy number in the abnormal interval during the
systematic evaluation of experts in a talent selection
procedure. Compared with the traditional decision-

making method, the adaptive abnormal data cor-
rection method greatly improves the efficiency of
talent selection and makes the process of acquiring
selection data and results more accurate and fast. This
considerably improves the talent selection and pro-
vides more accurate data selection and results in talent
selection methods. In the future, the multiattribute
group decision model method based on interval
intuitionistic fuzzy entropy can also be extended to
many practical problems such as performance eval-
uation, professional assessment, and so on.
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