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Based on the real-world knowledge innovation management characteristics of enterprises, in this paper a
novel bilateral matching (BM) decision-making method for knowledge innovation management considering
the matching willingness of bilateral enterprises is proposed. The method uses interval-valued intuitionistic
fuzzy sets (IVIFSs) as its basis. First, using the IVIFS preferences of the bilateral enterprises, their matching
willingness is calculated according to the TOPSIS method. Then, the BM model is constructed according to
the IVIFS preference, the matching willingness and the BM matrix of the bilateral enterprises. According to
the normalized interval-valued score function (NIvSF) and score function (SF), the BM model is transformed
into a BM model with SFs. Considering the fairness of each agent of each side, the BM model with SFs is trans-
formed into a two-objective BM model. Furthermore, a novel optimization algorithm is introduced to solve
the two-objective model, and then the optimal BM scheme is obtained. Finally, the effectiveness and feasibil-
ity of the proposed method are verified by a knowledge innovation management case study. The key findings
of the proposed work are as follows: (1) The proposed method establishes the BM model with IVIFSs and
matching willingness; (2) a new algorithm for the BM model is developed; and (3) the obtained BM scheme
using the proposed method reflects the matching willingness of the agents. The proposed method can be
extended to other BM problems in knowledge innovation management operating under other intuitionistic
fuzzy environments and can be applied to other decision-making problems in enterprise knowledge innova-

tion management.
© 2022 The Author(s). Published by Elsevier Espafia, S.L.U. on behalf of Journal of Innovation & Knowledge.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Mizouni & Ouali, 2021; Kadam & Kotowski, 2018; Lazarova & Dimi-
trov, 2017; Li, Zhang & Xu, 2020; Wang, Chen & Wu, 2019;

Bilateral matching (BM) belongs within the research realm of
decision-making. BMs have been investigated and applied in differ-
ent fields, such as the volunteer assignment of emergency tasks
(Chen, Zhang, Shi & Wang, 2021), random stable matching (Pit-
tel, 2020), heterogeneous workers-entrepreneurs matching (Choi,
2020), configuring cloud manufacturing tasks and resources
(Li, Yang, Su, Liang & Wang, 2020), venture capitalist and firm match-
ing (Antén & Dam, 2020), managing competition (Belleflamme &
Peitz, 2019; Ribeiro & Golovanova, 2020), etc. Gale and Shapley (1962)
first studied two renowned BM problems with ordinal preferences.
According to the aforementioned reference, it is well known that the
BM mainly concentrates on acquiring the appropriate BM scheme
according to the preferences of the agents. After the initial study, a
variety of BM theories were proposed (Kadadha, Otrok, Singh,

https://doi.org/10.1016/j.jik.2022.100209

Zhang, Gao, Gao & Yu, 2021); some deformations and applications for
BM were extended (Shu, Cai & Xiong, 2021; Xie, Wang & Miao, 2021;
Zhang, Kou, Palomares, Yu & Gao, 2019). Hence, the research on BM
is meaningful in theory and valuable in practice.

Currently, due to the complexity of the social environment, uncer-
tainty of cognition, and the fuzziness of judgements, the preference
information for practical problems is not usually in the form of exact
values, but rather in the form of intuitionistic fuzzy sets (IFSs)
(Dugenci, 2016). Interval-valued intuitionistic fuzzy sets (IVIFSs) (Ata-
nassov & Gargov, 1989) are treated as the popularization of IFSs, and
better reflect the uncertainty of human judgement because of the
degrees of interval membership, interval non-membership and inter-
val hesitancy. Therefore, studying BM with IVIFS preferences also has
significant research significance.
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With the development of the social economy and the changes in
organizational management, knowledge management has become a
form of management innovation. Knowledge management mainly
refers to the management of people, organizations and technologies,
emphasizing an organic combination of managing the wealth of
knowledge embedded in employees and organizations and the appli-
cation of information technology to exploit the knowledge innova-
tion and value creation of enterprises. Compared with knowledge
management, knowledge innovation management focuses on the
management of people and encourages people to create, share and
use knowledge effectively. Knowledge is the core economic resource
and intellectual capital of enterprises. Effective knowledge manage-
ment can improve an enterprise’s performance. With respect to
knowledge innovation management, Kamasak and Bulutlar (2010)
discussed the impact of two different forms of knowledge sharing,
including knowledge donation and knowledge collection. Car-
neiro (2000) proposed a conceptual model that focuses on the rela-
tionships between knowledge management, competitiveness and
innovation, which emphasized the importance of knowledge devel-
opment and the role of knowledge management in ensuring compet-
itiveness. Furthermore, for the critical knowledge service link in
knowledge management, Chen, Li, Fan, Zhou and Zhang (2016) con-
sidered the expected level of the attributes given by demanders and
suppliers and proposed a method to match the appropriate knowl-
edge service demanders and suppliers. Considering the difference
between the digital platform service mode and the traditional service
mode in knowledge services, Chang, Li and Sun (2019) proposed a
new method to match knowledge suppliers and demanders on digital
platforms. Han, Li, Liang and Lai (2018) proposed a BM method
between technical knowledge suppliers and demanders that consid-
ered the characteristics of the supply-demand network.

A large number of studies on IVIFSs have emerged in many
research areas. First, the theory of IVIFS has been generalized, as
reflected in the generalized Dice measure (Ye, 2018), distance mea-
sure (Diigenci, 2016; Liu & Jiang, 2020), ranking (Nayagam & Sivara-
man, 2011), knowledge measure (Das, Dutta & Guha, 2016; Guo &
Zang, 2019), entropy (Mishra et al., 2020; Wei, Wang & Zhang,
2011), divergence measure (Mishra et al., 2020; Mishra, Chandel &
Motwani, 2020), operator (Deschrijver & Kerre, 2005;
Zindani, Maity & Bhowmik, 2020), score function (Wang &
Chen, 2017, 2018), and so on. Second, the application scope of IVIFS
has expanded. For example, a multiattribute decision-making
(MADM) method for IVIFSs using set pair analysis (SPA) theory is
available (Garg & Kumar, 2020). A new framework and the latest
aggregation method for implementing multiattribute group deci-
sion-making based on the concepts of TODIM, WASPAS and TOPSIS
under interval-valued intuitionistic fuzzy uncertainty have been
developed (Davoudabadi, Mousavi & Mohagheghi, 2020). With
respect to the interval-valued intuitionistic fuzzy group decision-
making problem with incomplete attribute weight information,
Wan and Dong (2020) directly used the constant vector as the attri-
bute weight to solve the decision-making problem. Considering the
complexity of the decision-making environment, Liu, Yu, Chan and
Niu (2021) proposed a group decision-making method based on
interval intuitionistic fuzzy sets by integrating the variable weight,
correlation coefficient and similarity ranking technology with an
ideal solution. Based on the proposed connection number score
function (SF) and SPA theory, a new MADM method in an interval-
valued intuitionistic fuzzy environment was proposed (Kumar &
Chen, 2021). A group decision-making model for project delivery
system selection was proposed by using IVIFS theory, which can aid
project owners in project delivery system selections (An, Wang, Li
& Ding, 2018). A new MADM method based on the U-quadratic dis-
tribution of intervals and the transformed matrix of the decision
matrix in an interval-valued intuitionistic fuzzy environment was
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proposed, which overcomes the shortcomings of the existing
MADM methods (Chen & Chu, 2020).

However, to the best of our knowledge, there is little research on
the theory and method of IVESs in the field of BM. For instance, two
new similarity measures between triangular intuitionistic fuzzy
numbers were displayed, which were used to develop the corre-
sponding decision-making approaches for BM problems under a tri-
angular intuitionistic fuzzy environment (Yue, Zhang, Yu, Zhang &
Zhang, 2019). The problem of machine position matching in intelli-
gent production lines was solved from the perspective of position
uniformity, and an interval-valued intuitionistic fuzzy BM method
considering the automation level was proposed (Liang, Yang & Liao,
2022). An intuitionistic fuzzy Choquet integral aggregation operator-
based two-sided matching model was developed, which can effec-
tively solve personnel-position matching problems with correlated
evaluated attributes (Yu & Xu, 2019). In addition, the theory and
method of IVIFSs are less studied than those of IFSs. For instance, a
decision-making method was presented for solving the BM problem
with IvIFSs and matching aspirations (Yue et al., 2016). An interval-
valued intuitionistic fuzzy two-sided matching decision-making
approach was proposed, in which agents' behaviours are considered
(Yue & Zhang, 2020). Nevertheless, the proposed interval-valued
scores in Yue et al. (2016) could be less than 0. The method proposed
in Yue and Zhang (2020) is actually based on interval-valued intui-
tionistic fuzzy numbers (IVIFNs) rather than IVIFSs. The matching
aspiration proposed by Yue et al. (2016) and Yue and Zhang (2020) is
also based on IVIFNs rather than on IVIFSs.

The main ideas contained in this paper are as follows: First, the
TOPSIS method is used to calculate the matching willingness of the
bilateral agents directly based on IVIFS preferences, which leverages
information as much as possible. Then, the BM model is constructed
according to the IVIFS preference and matching willingness, a
method that has been ignored by some scholars. Moreover, the nor-
malized interval-valued score function (NIVSF) and SF are intro-
duced. On this basis, a new optimization algorithm is used to solve
the model and obtain the optimal BM scheme, providing new solu-
tion possibilities.

Motivated by the aforementioned ideas, this paper investigates
the BM problem with IVIFSs from the view of matching willingness to
obtain more reasonable formulas of matching willingness and a more
effective BM scheme. The key contributions of this work are as fol-
lows: (1) Two effective computational algorithms for matching will-
ingness in the IVIFS environment are proposed. (2) A BM model using
IvIFSs and matching willingness is demonstrated. (3) An effective
algorithm for solving the demonstrated BM model using the NIvSFs is
developed. (4) An algorithm for solvingthe BM problem on the basis
of IVIFSs and matching willingnessis given. (5) A sensitivity analysis
of the proposed algorithm is conducted. Compared with previous
studies, two effective computational algorithms for obtaining the
matching willingness of bilateral agents are given based on the TOP-
SIS method; the method has a stronger theoretical foundation and is
more helpful to improve the satisfaction of the bilateral agents. In
addition, the proposed algorithm using NIvSFs to solve the BM model
is also a new attempt, which can be extended to multiple intuitionis-
tic fuzzy set decision-making environments. Finally, the developed
algorithm for solving the BM problem with IVIFS and matching will-
ingness is novel, which enriches the research of relevant methods.

The remaining structure of this paper is as follows. Section 2
explores some concepts of IVIFS and BM. Section 3 presents the BM
problem for IVIFSs considering matching willingness. Section 4 pro-
poses the BM decision-making method with IVIFSs using the TOPSIS
technology. Section 5 uses a BM case study in knowledge innovation
management to reveal the effectiveness and feasibility of the pro-
posed method. Section 6 discusses the sensitivity of the BM case. Sec-
tion 7 summarizes this paper.
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Preliminaries
IVIFS

Definition 1 (Atanassov & Gargov, 1989): Assume G is a limited
domain; then, an IVIFS is defined by F = { <X, pz(x), ¢ ( ) |xeG},
where p(x) = [pL(x). PEX))(PF(x) C [0.1]) and gz(x) = [g5(x), g8 ()]
(gz(x) € [0,1]) represent the mterval valued membership Jegree and
interval-valued non-membership degree, respectively, and meet

0<pR(x) + qF(x)<1
Definition 2 (Atanassov & Gargov, 1989): Assume
hg(x) = [1,1] = ps(x) — g(x); then, hz(x) = [hL(x), hf(x)] stands for the

interval-valued hesitancy degree.

In particular, when pz(x) + gz(x) = [1, 1], F degenerates into a con-
ventional fuzzy set. For convenience, an IVIFS F = { <X, pp(x), z(x) > |
x e G} is abbreviated as F = { <pg(X), qg(x) > }. Furthermore, an ele-
ment of F is represented in f = <DPg, g5 > and is referred to an IVIFN.
Let W be the set of IVIFNS.

Arithmetic rule of IVIFNs

The following arithmetic rule of IVIFN is employed.
Definition 3 (Xu & Chen, 2007): Assuming f; = <DPg G, > =

t.ppllg a8 ]> and f, = <pr . g5, > = <Ipt .p{ ] lg; .05 | >
are IVIFNs, then the basic operation rules of IVIFNs are employed
below:

i) fi+F2= <Ipp +Pk —pp Py PF +PF —Pf DY LGk 45 9F 4F ] >
ii) fy <fo= <[Pk g PR DL L LG5, +0p — Gk 45 0F + a5 —4f aF >
i) fy = <[1 - (1-pL)" 1 (1-pf)).l(af)". (af)) > . 1> 0,
iv) (F)' = <[k ) 02 )11 - (1- g ) 1~
v) (F1)° = <lag, . af 1. Pk . 1>

(1-g)]>.1>0,

Operators of IVIFNs

Definition 4 (Xu & Chen, 2007): Assume f;= <[pt pR],
— — 1 1
laz, a5 )= f2= <[Pk .PE 119z .95 | > fi = <Ipg.pE ) ag a5 | > s

the I collection of IVIENs. Let IVIFWA : ¥ — W if the following for-
mula holds:

— — — I —
WIFWA (f1,fa, . 1) = Y wif;
i=1

—< IO -0 [T 1T ()"

i=1 i=1

where w = (wq, wy, ..w)) is the weight vector of (f;,f5, ....fl) and has
nonnegativity and normalization; then, IWIFWA(f,fy,...f)) i
referred to as an interval-valued intuitionistic fuzzy weighted averag-
ing operator.

In Definition 4, if wy, ws, ...w; are equal, then the above operator is
simplified as an interval-valued intuitionistic fuzzy averaging opera-
tor and is exhibited as follows:

Journal of Innovation & Knowledge 7 (2022) 100209

o ]
IvIFAW(fhfz,. ) ;H'

1

=< {1 - g (1-pt)"1- g (1 pﬁﬂ 7 L’] (q%")%’,ljl (q?);] N

2)
Definition 5 (Xu & Chen, 2007): Assume
fr=<lpg, pf )19z a4 1= f2 = <Ipp PR Mag 05 1> 1= <[Pt

PRl [g: .qR]> is the I collection of IVIFNs. Let IVIFWG : V'L, if
1 1 1
the following formula holds:

~116)"

len e oo pre-a-
3)

where w = (wq,wy,..w;) is the weight vector of (f;.f,,...f;) and
meets the criteria for nonnegativity and normalization; then, IVIFW
Gw(f1.fo,....f)) is referred to as an interval-valued intuitionistic fuzzy
weighted geometric operator.

In Definition 5, if wq, w5, ...w; are equal, then the above operator is
simplified as an interval-valued intuitionistic fuzzy geometric opera-
tor and is exhibited as follows:

WIFWG,, (fl.,fz., 1)

WIFGy ( To.-) =11 (1) o)
- [H (), I 7qg)j -

i=1 i=1

1

L] [ gyt

_:1_

NIVSF

According to Yue et al. (2016), the following definition of NIVSF is
used.
_ Definition 6: Assume f = < Pg, G > is an IVIEN; then, the NIVSF of
fis defined as:

§;+ 1,17\
< _ S
= ( 5 (5)
where parameter 7>0. In the above formula, Ef is the interval-valued

score function (IvSF) and is represented in:

8 = (PF — qp) + (2o — Dhg (6)

P

where a represents the support ratio and can be obtained in accor-
dance with Yue et al. (2016).

Novel distance measure for IVIFSs

In this subsection, a novel distance measure for IVIFSs, which is an
extension of that proposed in Diigenci (2016) and Boran and
Akay (2014), is developed.

Definition 7: Assume

=1 =2 -n
f5,.f5, - f5} are  two
[pkL k.R

—k
<lppl P lagt agf > fr, = <pE L ak > = <Ipgh g gt ap) >
The novel dlstance measure for IVIFSs is defined as:

A2 ~
Fr={ff,.J5, - J5} and  Fp={
IVIFSs, where f;l =<pf. @ >=

k,R kR
* ‘“(pfl ~Pg

DY = J iy ('a(p’;f o) - (e - q)[

)~ B(ae )| +

(s n)| ) o

(1"~ )
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Table 1
Notations and acronyms.
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Notations and acronyms

Meaning

BM
IVIFS

IVIFN

NIVSF

IVSF

SF

X ={X1: X2 Xm}
Y =AY1:Y2 -V}

X 1 41 2 g2 ngn
Fr={<pl,.q >, <P, Q% >,..., <P%, q% >
i { pr qFf pF,x,qFJx 3o prr qFJl }

<ph. gk > = <[p7 Pkf] [kx>qkf]>
FJ FJ /

F]
kL kR
[pf]x »pFJx ]

g5, ¢85

Fi— {f<p-/ q-; >, <p§:,q§: > <PR Gy >

P>
jL jR
P

- < o )

iL iR
k.

X
VVj
wl
g 551
oL
sk,
SJ

k

Oy + 0y
V= [ij]mxn

A=AyUAg

Bilateral matching

Interval-valued intuitionistic fuzzy set
Interval-valued intuitionistic fuzzy number
Normalized interval-valued score function
Interval-valued score function

Score function

Set of matching agents of side x

Set of matching agents of side y

The jth IVIFS of side x
IVIEN of x; towards
Interval-valued satisfaction of ; towards y;

Interval-valued dissatisfaction of x; towards y;,
The kth IVIFS of side y
IVIFN of y,, towards ;

Interval-valued satisfaction of y, towardsy;

Interval-valued dissatisfaction of y, towards x;
The jth matching willingness of x;

The kth matching willingness of

NIVSF of x; towards y;,

NIVSF of y, towards x;

SF of x; towards y,

SF of y towards x;

Objective function value

BM matrix

BM scheme

where r is the L, norm and «, B, y indicate the support ratio, opposi-
tion ratio, and abstention ratio of IVIFSs and satisfy « + 8 + y = 1.

BM

The following mathematical symbols for the BM problem are
employed in this paper. Let x = {x1, X2, Xm} and ¥ = {¥1, ¥2, -, Vn}
be two separate sets of agents. Here, x; and y, represent the jth and
the kth agents on each side. Let M ={1,...m}, N={1,..,n}, and
2<m<n.

Definition 8 (Yue & Zhang, 2020): Assume A : yUy — xUy is a
one-one mapping. If the mapping Ameets these conditions, i)
A(xj) € v, il) Ay) € xU{yied i) A(x;) = vy if A(yy) = x; then A is
called a BM.

In Definition 8, A(x;) = yy indicates that A();, ;) is a matching
pair, and A(y,) = y, indicates that A(y,,y,) is a single matching
pair.

Definition 9 (Yue & Zhang, 2020): For BM A: xUy— xUy,
another form is A = Ay U Ag, where Ay, is the set of matching pairs,
and Ag is the set of single matching pairs.

BM problem for IVIFSs considering matching willingness

LetFX—{<p ‘. FX>
of side x, <p; X,qﬁ >—<[p

<pX, 2> s <px,qx>}bethe]thleFS
k f[qu x]> Here [pmp X]Stands

for the mterval-valued satlsfactlon of x; towards Vi and [q 2 q"XR}

stands for the interval-valued dissatisfaction of x; towards y. Let F,}:

={< p v Gy > <p 2 qéy > ..., <P, g% > } be the kth IVIFS of side
k k k

_ j.R jL _jR L R
Y, <p%z7 qu{ > =< WFZ,I)’FZ], [ql‘_::’qlfl]>. Here, [pll?z’plﬁl stands for
the interval-valued satisfaction of y, towards y;, and [p’éh p’;f] stands
k k

for the interval-valued dissatisfaction of y, towards ;. Let WJX be the
Jjth matching willingness of x; towards agents of side y, which is non-
negative and normalized. Let w} be the kth matching willingness of
¥\ towards agents of side x, which is also nonnegative and normal-
ized. Let A" = A}, U A¢ be the reasonable optimum BM.

Remark 1. Matching willingness wj?‘ and w} can be acquired in accor-
dance with the theory of TOPSIS. Two algorithms will be introduced
in the next section.

In summary, this paper shall investigate how to obtain the opti-
mum BM A" = A, UA; in accordance with IvIFSs FX and F, and
matching w1llmgness W]X and wk To acquire the optlmum BM, the
related concepts and theories of IVIFS and BM will be adopted in Sec-
tion 2 and then displayed in Section 4 in detail. The chief notations
and acronyms for this paper are shown in Table 1.

BM decision-making with IVIFSs using TOPSIS from the view of
matching willingness

The procedures of the proposed BM decision-making method
with IVIFSs and matching willingness are given as follows. First, the
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Construction of the
IvIFS BM model

Computation of
matching willingness

Solution of the BM
model with SFs

Transformation of the
IvIFS BM model

Algorithms 1-2

matching willingness is computed through Algorithm 1 and Algo-
rithm 2. Then, the IVIFS BM model considering the matching willing-
ness is constructed through the multiobjective programming
method. Third, the BM model is transformed into a biobjective BM
model using NIVSF and SF. Finally, the optimal BM scheme is obtained
through Algorithm 3. (Fig. 1)

Multi-objective
programming method

Fig. 1. Solution idea for BM decision-making with IVIFSs.

Computation of matching willingness

In Section 3, the matching willingness W]X and w} are unknown.
This subsection will introduce two approaches to determine them.
The procedures of Algorithm 1 for determining WJX are displayed
below.

Algorithm 1:

Input: IVIFSF _{<px q,X> <pX,qX> - <px,q X>}

Step 1: Compute the’ pos’1t1ve ideal IVIFS of side’ X 1e FX

{<p-x-,q-x >, <p-x,q-x >, <p-x,q-x > }, where IVIFN <p}—,g<7 qF
J* J*

> = [kaL,p X] [q . ,q : R~ is calculated by:
kL kL|:
pFﬁ = maX{pﬁlx ]EM}
iR = max{pffjeM}
FX F

kL _ : kL|:
qﬁi = mm{qfix JGM}

kR | KkR|:
qFJi = mm{ql_rjx ]eM}
Step 2: Compute the negative-ideal IVIFS of side y, i.e, F]X =

2
{<p)(7 x> <P><7QX>7

n n k k
R <p?ﬁ’ qué > }, where IVIFN <p?ﬁ’ q?j{

> =< [p"XL,p"XR lq X,q"XR] > is calculated by:

p’F‘XL = mm{p flieM

p"f = mm{p,X ieM
Fy

q’;} = max{q"L]eM

——— ) ——
—
©
=

q’_‘XR = max{q_ ieM

Step 3: Calculate the positive distance between FX ={< p L1 q_

1<Pm‘]ix>,----<PX7QX>}andF —{<p—x Q—x> <p—;<7q—x>

< p_x, q_x >} by Eq. (7), namely, DX Calculate the negatlve dlS-

tance between F ={ <p_x, q_X >, <p_X, qFX > .., <p_X, q_X >} and

-, ={ <p—Xv q—x >, <p—)<7 q—x >
J Fp.’ 'Fp Fp’ 'Fp
4

Dj .

Step 4: Calculate the closeness degree ch of x;, where ch is com-
puted by:

s <PRey Qe > } DY ECI- (7 ), namely,
J° J°

The NIVSF and SF Algorithm 3

DX
_ J
CjX T DX 4 DX (10)
i j
Step 5: Calculate the matching willingness WjX of x;, where ij is
computed by:
cX

wl=_—1 (11)
X
DY T ¢

Output: Matching willingness of x;, i.e., wj?( .
Similarly, the procedures of Algorithm 2 for determining W}: are
displayed below.
Algorithm 2:
. T _ 1 1 2 2 m  am
Input: IVIFSF}, = { <p?z, q?Z >, <pr’ q?ky >, <pr{’ qﬁ: >}

Step 1: Compute the positive-ideal IVIFS of side y, ie., F‘,’:* =

{<p s q y > <p q%, >, <p;1'y, q’F’"z >}, where IVIFN <p’%r,
q’_y > =< [p’y ,p’ q’Fﬁ ,q"gf] > is calculated by:
ks
i = max{plten}
pﬂF‘R = max{p’R keN }
) (12)
q%‘L = mm{ jL keN}
iR _ . iR
q’?kyq = mm{q’?: keN}
Step 2: Compute the negative-ideal IVIFS of side y, i.e., F,Z, =
{<p B q 8 >, <P B Q—V EgERII <pg:1;7 q;—% >} where IVIFN <pl?:07

'EV« > =< [p%;: ,p%i:], [q%,ﬁ,q’ﬂ:] > is calculated by:
P = minfpitlken}

PR = min{p%‘? keN}
l
}

[
gt = max{qﬁﬁ keN
[ Fr
q’%‘f( = max{q{F"y2 keN
Step 3: Calculate the positive distance between F, c=1{< p L2 q y
<Py Gy > <Pp. 4 >} and Fr. ={ <Py 4y > <p-y : q-y
L < pFV’ q?,, >} by Eq. ( ), namely, D;”. Calculate the negat1ve d1s—
ke ks

tance between Fy = { <pl,, g}, >, <p%, ¢% >,.., <p™, ¢" > } and
Fk Fk Fk Fk Fk Fk

2

=V 1 1 2
F,. = {<p- L, >, <D%, ., Q=
e={<p . qFZ, <P . qF{

> <p%, quﬁ, >} by Eq. (7),
namely, D,
Step 4: Calculate the closeness degree ¢} of y,, where ¢} is com-

puted by:
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Y
Y _ Dk

€ =—25— 14

k Dz)/ n D;;y ( )

Step 5: Calculate the matching willingness w}: of y,, where W;: is
computed by:

y
C

Y _
W, = —————
k Y
Zk':l{'eN Ck'

(15)

Output: Matching willingness of y,, i.e., w}:.

From the above descriptions, Algorithm 1 is divided into five
steps, which do not require many computations. The computational
complexity is as follows: Step 1 requires only n Max operations; Step
2 requires only n Min operations; Step 3 requires no more than 21n?
operations; Step 4 requires only 2n operations; Step 5 requires no
more than 2n operations. The complexity of the computation of Algo-
rithm 2 is the same as that of Algorithm 1. Furthermore, the matching
willingness of the bilateral agents can be determined through Algo-
rithm 1 and Algorithm 2.

Construction of the BM model

First, the BM variable vy, is introduced, i.e.,

v =4 b A =7
! 07 A(X]) # Yk
Consequently, a BM matrix V = [vjk]mxn can be established. In accor-
dance with IVIFSs F/' = { <p_x7 q_X >, <p_x7 q_X > p-x, a >}
and Fk {<p_y7 q_ > <p_y7 q_y >, .., <p_y, q_y >} the matchlng
k
willingness wj?‘ and w}, and the BM matrix V = [v]k]mxn, a BM Model
(16) can be built, i.e.,

n
“k =k .
max B, = kz <Pt Qg > Vi eM
=1

m . .
max B,,k:Zq}’F{? q%i>vjk:k€N (16)
Jj=1
Zv,k_l,]eM Zvlk<1 keN;vy =0or1,jeM,keN
k=1 Jj=1
Sk sk :
where <pf‘x, G > = <pt§f’ ql’ﬁx >wi = <[pka7kaR [q;‘_XL7Q£]R]>\A/jX
<P’y7 qu> = <pr7 qlﬁv>wk = <[p%y-,p%yv [quV7q%§]>W]}</- The
k k k k k

objectlves of Model (16) are to maximize the IVIFN satisfactions in
consideration of the matching willingness. The constraints of
Model (16) are the one-to-one matching between the bilateral
agents.

Transformation of the BM model with NIVSFs

To solve Model (16), IVIFNs <pr, E]Fx > and <p.,, q’y > should
be transformed into NIvSFs. Through the’use of Eqs. (§ ancf (6), IVIFNs

<y G > = <[P Pl [0, 0f) = and <Bp. G > = <[P PR,
[q%{.,q’ﬁ > are transformed into NIVSFs [s’,‘XL, k R] and [s’ sk ] where

n

~ ~ ~ ~kL ~kR
] (ot - fatt st + ot - v [t | 4 .

kL kR
So, S| =
[ FOUF 2

(17)
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n

}_ {p%p]fﬂ {ql qu] 20"*7— )[]R i }+[1 1]
2

gt gk
FR

(18)

Remark 2. From Yue et al. (2016), it is realized that o, can be treated
as the support ratio of A(x;) = y, from side x, and a’F]y can be treated
k

as the support ratio ofA(Xj) =y, fromside y.
Then, NIVSFs [sf} SEXR] and [sféﬁ,sfﬁ"f] are transformed into SFs sk,
k k

and s, 2 where: !
sEX =(1- 9" )s_X +9" s’iXR (19)
s =(1- & )8 + 0. s (20)

In Egs. (19) and (20), ka stands for the optimism attitude of x;
towards y,, and €., stands 'for the optimism attitude of y, towards
Xj- Through Egs. (1%)-(20), we know that a higher IVIFN satisfaction
corresponds to a larger score, and vice versa. Moreover, the BM
Model (16) can be changed into the following BM Model (21) with
SFs, where the model constraint is still the one-to-one quantitative
matching.

n

max B, = Zslﬁrxvjk,jeM
k=1
m .

max B, = Zsjﬁfvjk’kEN (21)

Zv]k_ljeM ZVJ’<<1 keN;vy =0or1,jeMkeN
k= j=1

Ordinarily, the priorities of the agents of each side are treated as
the same. From this point, the BM Model (21) can be translated into a
biobjective BM Model (22):

max ZZS_Xka
j=1k=1 d

max B, = ZZSF Vik (22)
k=1j=1 "%

Zv]kfldeM Zv]k<1 keN;vi=0or1,jeMkeN
k= j=1

To solve the above biobjective BM Model (22), a new optimization
algorithm is introduced. The ideas of the new algorithm are as fol-
lows: First, solve the maximum and minimum values of a single
objective function in Model (22) under the same constraints. Then,
we transform Model (22) into a single objective model according to
the idea of obtaining as much satisfaction as possible. The procedures
of the new optimization algorithm are exhibited below.

Algorithm 3:

Input: SFs sk, and s’

Step 1: Fm(f the maﬁ‘(lmum value B,"* through the solution of BM
Model (23):

m n
max By = Z:kz;s% Vik
! (23)
Zvlk =1,jeM; ZVJ’<<1 keN;vy=0or1,jeMkeN
j=1
Step 2: Find the minimum value B)‘(nin through the solution of BM
Model (24):
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m n
min By = ) sk
j=1k=1 "
. . (24)
> Vie=1,jeM;> vi=l,keN;vi=0or1jeM keN
k=1 j=1

Step 3: Find the maximum value B)"** through the solution of BM
Model (25):

max B, =

ZZS—VV]’(
. k=1 j=1 (25)
> vik=1,jeM; Zvjkgl,keN;vjk =0orl,jeMkeN
k=1 =
Step 4: Find the minimum value B;,“i" through the solution of BM
Model (26):

n.-m
. _ ] .
min B, = ;;SF{VJ"

n m
> Vie=1,jeM;> vi=l,keN;vi=0or1jeMkeN
k=1 j=1

(26)

Step 5: Transform the BM Model (22) into the following BM Model
(27) in accordance with the idea of the new optimization algorithm:

max OX +6,

ZZS Xij Bmm (B)r(nax _ B)l;nin%

j]/(

Zzswvjk>3mm+9 (Bmax Bmm)

kljl

Zvjk_ljeM ZVJk<] keN;vy =0or1,jeM,keN,0,>0,6,>0
j=1

(27)

Output: Maximum values B,** and B**, minimum values Brnlrl
and BJ‘,“‘"

From the above description, it is also known that Algorithm 3 con-
sists of five steps, and its calculation is more complex than Algorithm
1 or Algorithm 2, as shown below. The implementation process of
Step 1 of Model (23) shall not exceed 2™ iterations, which is the
same as the other steps.

Remark 4. If the priority of the agent of sides x and y is not the same,
AHP technology can be used to acquire the priority of the agent of
each side.

In summary, the BM decision-making Model (22) with SFs can be
solved through Algorithm 3, and then the optimal BM matrix V* =

[ ]k]mxn is obtained.

Procedure for the BM method based on IVIFSs and matching willingness

In this section, a novel method for solving the BM problem on the
basis of IVIFSs and matching willingness is exhibited.

Step 1: Find matching willingness Wj?( through the use of Algo-
rithm 1.

Step 2: Find matching willingness w} through the use of Algo-
rithm 2.

Step 3: Construct the BM Model (16) in accordance with IVIFSs FX
and Fk. matching willingness WJX and w}, and the BM matrlx

V= [V]k]mxn kL =kR
Step 4: Transform IVIFN <pF , qFx > = <[p,x,p x] q P q_ >

into NIVSF [s’_‘XL,s’_‘,R] through the use of Eq 17). g

Step 5: Transform IVIFN <p]y QIFV > =< [p’F p’
into NIVSF [s s R} through the use ‘of Eq (18). ‘

l, @ @) >
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Step 6: Transform NIVSFs [S,X skR) and (st F $'F) into SFs SKX and s’F
through the use of Eqs. (19) and 26 respect’ivelﬁr f k

Step 7: Convert BM Model (16) into BM Model (21).

Step 8: Convert BM Model (21) into the biobjective BM Model
(22).

Step 9: Transform BM Model (22) into BM Model (27) through the
use of new optimization.

Step 10: Gain the optimal BM scheme through the solution of
Model (27).

A BM case study for knowledge innovation management in the
IVIFS environment

A BM case study in the field of knowledge innovation manage-
ment shows the feasibility of the presented decision-making method.

A technology service company for a knowledge management sys-
tem in Shenzhen provides cross-industry knowledge management
system purchase, customization and matching services for suppliers
and demand enterprises through its service platform. At present, the
company's service platform has received the purchase intention of
five enterprises x;, X5, ..., X5 to purchase a knowledge management
system in advance to improve the efficiency of their internal knowl-
edge management and meet their long-term needs. During this
period, six suppliers y;, ¥,..., ¥ on the platform expressed their
trading intention. Five enterprises x;, Xa, .., X5 evaluate six suppliers
Y1, V2. -, Vg Mainly from the aspects of system performance, pur-
chase price and after-sales service and then give the preference of

X _ 1 1 2 2 6 6 i
IVIFS, Fj _{<ijX, qFJX>" <pr" qFJX>""’ <p?]X, qTDjX>}’ JjeM, as

shown in Table 2. Considering the evaluation of the payment method,
enterprise quotation, enterprise reputation and enterprise scale, six
suppliers yy, ¥5, ..., Vg gave their preferences for IVIFS towards five

enterprises X‘l: X2! ey X5‘ FI}(/ = { <p%1/7 q%V >, <p}%77 q%}/ > <p’—5:1/7

k k k k k

qu > 1}, keN, as shown in Table 3. Finally, the technology service
k

company is required to act as an intermediary to provide a reason-
able BM scheme for demand enterprises and suppliers according to
their IVIFS preference information.

To provide enterprises and suppliers with a more effective BM
scheme, a calculation process is described according to the IVIFS pref-
erences Ff (j=1,2,..,5)and F, (k = 1,2,...,6), which are the original
input values.

Step 1: Find matching willingness ij(ieM ={1,...,5}) through
the use of Algorithm 1. The uncomplicated calculation procedures are
revealed below.

Algorithm 4:

Input: VIFSF/ (j =1,2,...,5).

Step 4.1: Gam the positive-ideal IVIFS F ={ <p v Ly > <p %

F
in >, .. <p 2 q,X > } through the use oqu (8). &

Step 4.2: Gam the negative-ideal IVIFS F/ = { <pl. = . <p? 2
@ >,. .,<px qX>}throughtheuseoqu( ). &

Ff

Step 4.3: Obtam the positive distance D;* between T-‘f(j €M) and
Fff and the negative distance D°} between FJX (jeM) and 17]5 through
the use of Eq. (7), where r, v, 8, = 1,0.4,0.4,0.2.

Step 4.4: Gain closeness degree ch(]’ €M) through the use of
Eq. (10).

Step 4.5: Gain matching willingness w*(j e M), i.e., w}
w¥ = 0.1765, w = 0.2758, w} = 0.1599, w¥ = 0.2063.

Output: Matching willingness w’ (j = 1,2, ...,5).

Step 2: Determine the matching willingness w} (ke N = {1, ...,6})
through the use of Algorithm 2. The uncomplicated calculation proce-
dures are revealed below.

Algorithm 5:

Input: IVIFS F}, (k =1,2,...,6).

=0.1815,
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Table 2

IVIFS preferences ij ={< p%x: Q%x
L 1

2 2
>, <pF1sqFx R
i i

6 6
<D, Q2 > §-
Py G > }
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Y1 Y2 V3 Va Vs Ve
X Fi <[0.45,0.5],[0.3,05]>  <[0.3505],[0203]>  <[0.50.6],[0.3,04]> <[04,0.5],[0.35045]>  <[0.4,0.5],[0.3,04]> <[0.4,0.45], [0.2,04]>
v <[0.35,05],[0.3,04]>  <[0.4,0.55],[03,04]>  <[04505],[0.3504]>  <[0.4,0.45],[0.35045]> <[0.5,05],[0.3,045]>  <[0.4,0.6],[0.3,0.4]>
x5 FL  <[05055],[0.3045]> <[0.450.5],[03504]> <[0.45055],[03,045]> <[0.350.5],[0.25035]> <[0.50.6],[0.3,04]> <[0.5,0.55], [0.35,0.4]>
xa F.  <[0405],[03035]>  <[0.450.5],[0304]>  <[0.4,0.6] [0.3504]> <[0.35,0.5],[025,03]>  <[0.45,05],[0.2,045]>  <[0.3,0.4], [0.4,0.45]>
xs FL  <[0405],[02504]>  <[0.4045],[03504]> <[0.4506],[03504]>  <[0.4,0.5],[0.3504]> <[0.35,0.5],[0.25,0.3]>  <[0.4,0.45],[0.25,0.3]>
Table 3

IVIFS preferences F), = { <p%t’ q%,k/ >, <p§f‘ qu >, <p§z, qu >3

Y1 V2 V3 )2 Vs Ve

¥ I3 I I % I3
X <[0.45,0.5], [0.3,0.4]> <]0.3,0.5], [0.2,0.35]> <[0.4,0.5],[0.35,045]>  <[0.4,0.5],[0.4,0.4]> <[04,06],[0.3,035]>  <[0.4,0.5],[0.35,0.4]>
X,  <[03045],[02504]>  <[0.4,045][0.350.4]> <[045,05],[03504]>  <[05,055],[0.3504]>  <[0.3,05],[025035]>  <[0.4,0.55], [0.3,0.45]>
xs  <[03,04],[0.3504]> <[0.35,0.55],[0.35,045]>  <[03,0.5],[0.25,035]>  <[0.35,0.45],[0.3,045]>  <[0.4,0.45],[0.3,045]>  <[0.4,0.6],[0.35,0.4]>
X«  <[05055],[03035]>  <[04505],[025045]>  <[0.35045],[0.2,03]>  <[0.4,045],[03504]>  <[0.4,0.55],[0.3504]>  <[0.450.5],[0.3,045]>
X5 <[0.45,0.55],[0.3,045]>  <[0.4,0.6],[0.35,0.4]> <[0.4,0.55],[0.35,04]>  <[0.45,0.5],[0.25,0.4]> <[0.45,0.5],[0.3,045]>  <[0.4,0.55],[0.25,0.4]>

Table 4
NIVSF [sgf,sgf].

Y1 Y2 V3 Va Vs Ye
X1 [0.1105,0.1263]  [0.1086,0.1239]  [0.1357,0.1521]  [0.106,0.117] [0.109,0.1207] [0.103,0.1198]
X2 [0.0993,0.112] [0.1119,0.1271]  [0.1133,0.1192]  [0.0977,0.1051]  [0.1181,0.1286]  [0.1178,0.1377]
X3 [0.1859,0.2049]  [0.1706,0.1783]  [0.1749,0.1967]  [0.1538,0.1716]  [0.1987,0.2192]  [0.1903,0.1994]
X4 [0.0999,0.1078]  [0.1036,0.1128]  [0.1074,0.1226]  [0.0969,0.1067]  [0.1007,0.1219]  [0.072,0.0768]
X5 [0.1231,0.1413]  [0.1165,0.1224]  [0.1441,0.1604]  [0.1231,0.1323]  [0.1228,0.1349]  [0.1238,0.1306]

Step 5.1: Gain the positive-ideal IVIFS F}, = { < p,y ,
q >, .., <p % q y > } through the use of Eq. (12). e

Fie.
Step 5.2: Gam the negative-ideal IVIFS Fk {< p_y , q_y >, < p_y ,
q%z >, <p_y , q_y > } through the use of Eq. (13).

Step 5.3: Obtam the positive distance D;” (k € N) between Fl (keN)
and F}, and the negative distance D;” (ke N) between Fy (ke N) and
17,1:: through the use of Eq. (7), wherer, o, 8, = 1,0.4,0.4,0.2.

Step 5.4: Gain closeness degree c}:(k eN) through the use of
Eq. (14).

Step 5.5: Gain matching willingness w} (keN), i.e., w} = 0.145,
w) = 0.1662, w} = 0.173, w} = 0.1411, w = 0.1778, w}, = 0.1969.

Output: Matching willingness w}: (k=1,2,...,6).

Step 3: Construct the following BM Model (16) in accordance with
IVIFSs FX(I eM) and Fk (keN), matching willingness wx(l €M) and
wy (ke N) and the BM matrix V =

V><p

[Vikl5 6
max B :Z<ﬁkx G > v jeM
Xj Fj ) Fj jks
k=1
max By,

5 : .
:Z<f’%y» [IIFV >ij,kEN
7 K Fi

Zv]k_l,]eM Zv]k<1 keN;vi=0or1,jeMkeN
k=1 j=1

where <ﬁ§x7(1§x> = <pEX,q’_‘X>w?‘ and <p.,, ¢, > = <p.. ¢, >
J F." "Fy Fi" "Fy

wk are calculated by Deﬁmtlon 3.
Step 4: Transform IVIFN <pr, qFx > = <[p L kaR] [ X7q"R}
into NIVSF [s’,‘XL, k R] through the use of Eq (17),as dlsplayed in Table 4,

withn =1. The support ratio ok P is displayed in Table 5.

Table 5
Support ratio aéx.
L

Y1 Y2 V3 Ya Vs Ve
X1 0.1692 0.1526 0.2103 0.1606 0.1606 0.1467
X2 0.1503 0.1732 0.1668 0.1443 0.1759 0.1895
X3 0.1753 0.1538 0.1671 0.1389 0.1896 0.1753
Xa 0.1669 0.1759 0.2002 0.1586 0.1759 0.1225
X5 0.1659 0.1517 0.2072 0.1659 0.1576 0.1517

Step 5: Transform IVIFN <p’ - q’ y> = < [p’y,p’ q’_y q’
into NIVSF [s’ L g R] through the use Y of Eq (18), as dlsplayed in Table 6
withn =1. The support ratio oe’_y is displayed in Table 7.

Step 6: Transform NIVSFs [s,x skR) and [sj_ﬁ,sf_'f] into SFs sk, and sf_y
through the use of Egs. (19) arfd EO respettlvély, as demdnstrated

in Table 8 and Table 9 with H’F‘x = GIFV =0.6.
J k

Step 7: Convert BM Model (16) into BM Model (21) in accordance
with SFs ng and sfry, ie.,
J k

6
_ k ;
max Bx,» = E sﬁjxvjk,]eM
k=1

5
= ZSJFV Vik, keN
=k

6 5
> vik=1jeM; ) vy<1,keN;vy=0o0r1,jeMkeN
p =

max By,

Step 8: Convert BM Model (21) into the biobjective BM Model (22)
under normal circumstances, i.e.,
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Table6
NIVSF [s% , s’??].
V1 V2 V3 Vs Vs Ve
Xi [0.0936,0.1009]  [0.0907,0.1091]  [0.1015,0.1125]  [0.0852,0.0885]  [0.1227,0.1405]  [0.1188,0.1289]
X2 [0.0716,0.0824]  [0.0951,0.1] [0.1118,0.118] [0.1024,0.1076]  [0.0974,0.1138]  [0.1206,0.1453]
X3 [0.0668,0.0711]  [0.0967,0.1133]  [0.0951,0.1115]  [0.0732,0.0824]  [0.0992,0.1118]  [0.1304,0.1526]
Xa [0.1079,0.1135]  [0.1043,0.1206]  [0.098,0.1098] [0.0803,0.0838]  [0.113,0.1253]  [0.1229,0.1393]
Xs [0.0962,0.1079]  [0.1114,0.1255]  [0.1098,0.1207]  [0.0909,0.1002]  [0.1111,0.1239]  [0.1244,0.1482]
Table 7 ) Table 10
Support ratioa%.,. Optimal BM matrix V = [ il5.6-
k
V1 V2 V3 Vs Vs Ve V1 Y2 V3 Vs Vs Ve
be 0.15 0.1462 0.1682 0.1386 02068  0.1901 be 0 0 1 0 0 0
X2 01192 01521 01824 01723 0.1602 02139 X2 0 0 0 0 0 1
X3 0.1122  0.182 0.1633  0.1284  0.1695  0.2445 X3 0 0 0 0 1 0
Xa 01713 01701 01447 0.1259 0.1884  0.1996 Xa 0 1 0 0 0 0
Xs 01517 01802 01708 0.1356 0.1688  0.1929 Xs 1 0 0 0 0 0
max 0y + 0y
Table 8
k
SF s ZZS-X v;>0.5823 + 0.14706,, ZZS’,yV},(>O 4767 +0.14716,,
=t k=1j=1
V1 V2 V3 Vs Vs Ve } a
X 0.12 01178 01455 01126 0.116  0.1131 Zvjk =1jeM; Zvjk<1 keN;vy =0or1,jeM keN,0,>0,0,>0
X2 01069  0.121 01168 0.1021 0.1244  0.1297 k=1 =
X3 01973 01752 0188  0.1645 0211 0.1958 max max_ min
% 01046 01091 01165 01028 01134 00749 Ourt}l)nut Maximum values B;** and B/, minimum values By
Xs 0134 012 01539 0.1286 0.1301  0.1279 and B}
Step 10: By solving Model (27), we can acquire the optimal objec-
tive function value ¢ + ¢, =1+0.6179 = 1.6179 and the optimal
BM matrix V = [vj, ]st, as demonstrated in Table 10.
Table 9 As a result, the optimal BM scheme A" is gained, A" = Ay UA;,
SFS%';' where Ay ={(X1, ¥3), (X2, ¥6): (X3, ¥5), (Xa» ¥2): (X5, ¥1)} As =
i ¥ Vs Va Vs Ve {a, va)}-
b 0.098 0.1017 0.1081 0.0872 0.1334 0.1249 Remark 5. It should be emphasized that the deCiSiOH—making method
X2 0.0781  0.098 0.1155  0.1055 0.1072  0.1354 proposed in this paper is based on IvIFSs. However, the methods pro-
X3 0.0694 01067  0.1049  0.0787  0.1068  0.1437 posed in Yue et al. (2016) and Yue and Zhang (2020) were actually
Xa 8-}3;; g-}}gé 8'}?2; g'ggé‘s‘ g'ﬁgg gg;; based on IVIFNs rather than IvIFSs, which cannot be used to directly
X5 - . . - . . solve the IVIFS BM problem displayed in this paper. The proposed
decision-making method uses the distance measure for IVIFSs
directly for calculating the matching willingness of the bilateral
agents, which can reduce information loss. The proposed decision-
_ 5 85 & making method solves the BM problem under the fuzzy background
max - ;; ?vak of IVIFS by building the BM model considering the matching willing-
; ; ness of the bilateral agents. It not only expands the solution approach
max ZZ —Vv]k of the BM problem in knowledge innovation management under the

=1j=1

5
Z"fk =1jeM;) vy<l,keN;vy =0o0r1,jeMkeN
k=1 j=1

Step 9: Transform BM Model (22) into BM Model (27) through the
use of Algorithm 3. The calculation procedures are revealed below.

Algorithm 6:

Input: SFs sk, ands{, (Gi=1,2,...,5k=1,2,..,6)

Step 6.1: Solve the BM Model (23) then maximum value B is
gained, i.e,, B;"* = 0.7293.

Step 6.2: S(_)lve the BM Model (24); then minimum value BJ"" is
gained, i.e,, B,"" = 0.5823.

Step 6.3: Solve the BM Model (25); then maximum value B} is
gained, i.e,, B"** = 0.6238. A

Step 6.4: Sqlve the BM Model (26): then minimum value BJ"" is
gained, i.e, BJ"" = 0.4767.

Step 6.5: Transform the BM Model (22) into the following BM
Model (27) in accordance with the calculation results of Steps 6.1
—64,i.e,

IVIFS environment but also provides a reference for solving the BM
problem and other decision-making problems considering the
matching willingness under other intuitionistic fuzzy environments.

Sensitivity analysis

If the priorities of agents of sides x and y are not the same, then
let w, and w, be the weights of agents of side x and y, respectively.
Moreover, the objective function of Model (27) is turned into
f = wy0y + w,0,. As aresult, Model (27) is translated into the follow-
ing BM model:

max wXG + w0y

225 (Vjk=0.5823 + 0.14700,,
j=1k=1 fi

6

ZZSJ V204767 + 0.14716,,
k= 1] 1

ZvjkfljeM Zv)k<1 keN;vy =0or1,jeM,keN,6,>0,6,>0
Jj=1
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Table 11
Several different situations of f = w, 60, + w, 0,

Situation Parameter f = w,0, + w,0,

Situation I wy0y + w,0, =096, +0.10,
Situation Il wy0y + w,0, =0.86, +0.20,
Situation III wy0y + w,0, =0.76, + 0.30,
Situation IV wy0y + w,0, = 0.60, + 0.40,
Situation V wy0y + w,0, =0.56, + 0.50,
Situation VI wy0y + w,0, = 0.46, + 0.60,
Situation VIl w0y + w0, = 0.30, +0.70,
Situation VIl w0y + w,0, = 0.20, +0.86,
Situation IX wy0y + w,0, =0.16, + 0.90,

Different values of parameters w, and w), are discussed below. Sev-
eral different situations of f are displayed in Table 11. To reflect the
impact on the experimental results, the different priorities of the
bilateral agents in the process of BM decision-making are analysed
(Chui, Liu, Zhao & Pablos, 2020). We will discuss the relationships
among parameters wy and w,, objective function f = w,0, + w,0,,
SFs sk, and s/, and the optimal BM matrix V = [Viilsxe-

Fig. 2 revéals the tendencies of the objective function f from Situa-
tion I to III. Fig. 3 reveals the tendencies of objective function f from

1
0.98
0.96
0.94
0.92

0.88
0.86
0.84
0.82

0.8

Relative value of

1 2

e
N}
L

Journal of Innovation & Knowledge 7 (2022) 100209

Situation IV to VL. Fig. 4 reveals the tendencies of objective function f
from Situation VII to IX. In light of Figs. 2-4, the overall tendencies of
f from Situation I to IX can be acquired, as displayed in Fig. 5. From
the figure, we can see that objective function f decreases first and
then increases, reaching the minimum in Situation V.

As shown in Figs. 2-5, we mainly discuss the impact of the differ-
ent priorities of the bilateral agents on the objective function
f=w,0y+w,0,. Fig. 5 shows a comprehensive comparison. The
results show that when the priorities of the bilateral agents differ
greatly, the value of the objective function is also greater; however,
when the priorities of the bilateral agents gradually tend to be equal,
the value of the objective function gradually decreases and tends to
be the minimum.

Fig. 6 reveals the tendencies of SFs sk, from Situation I to III. Fig. 7
reveals the tendencies of SFs sk, from Situation IV to VL. Fig. 8 reveals
the tendencies of SFs SIF(X from Situation VII to IX. In light of Figs. 6-8,
the overall tendencies of SFss¥, from Situation I to IX can be acquired,
as displayed in Fig. 9. From lffg. 9, we can see that SFs S;X fluctuates
periodically from Situation I to IX. !

As shown in Figs. 6-9, we mainly discuss the impact of the differ-
ent priorities of the bilateral agents on SFs s’F‘X. Fig. 9 shows a more
comprehensive comparison. The results show that when the priori-

Different situations of f

Fig. 2. Tendencies of f from Situation I to III.
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Fig. 3. Tendencies of f from Situation IV to VI.
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Fig. 5. Tendencies of f from Situation I to IX.
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Fig. 11. Relationships among SFs ng and the optimal BM matrix V =
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ties of the bilateral agents are different, there is no significant change
in the value of SFs sk, .

Fig. 10 reveals t‘i’le tendencies of the relationships among SFs SF"
and the optimal BM matrix V = [v;]s,., from Situation I to IIL Fig. 11
reveals the tendencies of the relationships among SFs sk, and the
optimal BM matrix V = [v}]s,¢ from Situation IV to VL. Fig. 12 reveals
the tendencies of the relationships among SFs sk, and the optimal BM
matrix V = [v;Js,s from Situation VII to IX. In hght of Figs. 10-12, the
overall tendencies of the relationships among SFs si and the optimal
BM matrix V = [v;]s,¢ from Situation I to IX can be’ acqu1red as dis-
played in Fig. 13. From the figure, we can see that SFs s and the opti-
mal BM matrix V = [vi]s, are different in some 51tuat10’ns

As shown in Flgs 10-13, we further discuss the influence of the
difference priorities on SFs S;* and the optimal BM matrix
V= [Vilse- Fig. 13 shows a more comprehensive comparison and
results. The results show that the priority difference of the bilateral
agents has no significant impact on SFs s" and the optimal BM matrix
V= Wilsse-

Fig. 14 reveals the tendencies of the relationships among the
objective function f, SFs s¥, and optimal BM matrix V = [Vilsxs from
Situation I to IIl. Fig. 15 réveals the tendencies of the relatlonshlps

13

[v}fk]5x6 from Situation IV to VI.

among the objective function f, SFs sk, and optimal BM matrix V =
[Vils«e from Situation IV to VI. Fig. 15 reveals the tendencies of the
relatlonshlps among the objective function f, SFs s and optimal BM
matrix V = [v; s, from Situation VII to IX. In light bf Flgs 14-16, the
overall relationships among the objective function f, SFs s, and opti-
mal BM matrix V = [v;]5, from Situation I to IX can be atquired, as
displayed in Fig. 17. From the figure, we can see that the objective
function f is different in all situations; meanwhile, SFs s" and opti-
mal BM matrix V = [v; |5, are different in some situations.

As shown in Figs. 14 17, we further discuss the influence of the
different priorities of the bilateral agents on the objective functionf,
SFs s" and optimal BM matrix V = [v;]s,¢. Fig. 17 shows a more com-
prehénsnve comparison and results. The results show that the differ-
ent priorities of the bilateral agents will have a significant impact on
the objective function value f in this experimental analysis but it has
no significant impact on SFs sk, and the optimal BM matrix V =
v jk]5><6 in this experimental analysis. Considering this experimental
analysis, shows that the priority of the agent is only one of the factors
affecting the determination of the optimal BM scheme but is not the
decisive factor. However, if the same analysis is performed for the
other examples, the results may not be exactly the same.
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Conclusions

Examining the BM problem of knowledge innovation manage-
ment under an interval intuitionistic fuzzy set environment, a match-
ing decision-making method is proposed. In the method, the
matching willingness of the bilateral agents is obtained by develop-
ing a novel algorithm, and a BM model considering IVIFSs and the
matching willingness is constructed. The optimal BM scheme is
obtained through the model solution. An enterprise knowledge man-
agement case study verifies the effectiveness of the presented BM
method. The method proposed in this paper is applicable to a variety
of intuitionistic fuzzy preference environments considering the
matching willingness of the bilateral agents and can also be applied
to other decision-making problems in enterprise knowledge innova-
tion management.

Compared with the existing methods, the presented approach
exhibits the following salient features: (1) The displayed approach
uses the TOPSIS technology to compute the matching willingness
directly on the basis of the IVIFS preferences, which can avoid infor-
mation loss as much as possible. The computational algorithms of
matching willingness can be regarded as a generalization of the exist-
ing approaches. (2) The displayed approach establishes the BM model
using IvIFSs and matching willingness, which can mirror agents’
behaviours that are overlooked in some existing approaches. (3) The
displayed approach uses a new optimization algorithm to solve the
developed BM model, which is a new approach and supplement to
the existing algorithms. (4) The gained BM scheme can reflect agents’
matching willingness, which has been overlooked in many existing
approaches.

Future research will mainly focus on the following areas: (1) the
BM problem with IvIFSs needs an in-depth study, where the match-
ing willingness of a single agent towards the agents of the other side
is not at the same level. (2) Considering that stable matching has an
impact on the satisfaction of the bilateral agents and that an unstable
BM scheme may reduce the satisfaction of the bilateral agents, we
will additionally study the relevant theories and methods for stable
matching in the IVIFS environment. (3) This paper mainly focuses on
the IVIFS environment; therefore, the calculation algorithm of match-
ing willingness under other intuitionistic fuzzy preferences needs to
be further studied.
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