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A “virtual enterprise” is an effective organization formed by enterprises and partners under market opportunity which can
flexibly adapt to the dynamic market demand and improve the competitiveness of enterprises. To select virtual enterprise
partners objectively and scientifically, this study proposes the evaluation model of the innovation resource capability of the
alternative enterprises under the unknown weight. In the multigranularity hesitation fuzzy language environment, the
unknown weight is solved by using fuzzy entropy theory. ,e risk attitude of decision-making enterprises is introduced by
using the improved prospect theory and the selection of partners is comprehensively considered. Finally, a case study is
presented to demonstrate the effectiveness of the proposed approach. ,e research intends to enable the virtual enterprise to
choose the partners swiftly such that they can compensate for the shortcomings and optimize the allocation of
innovation resources.

1. Introduction

,e rapid development of technology is increasing the pace
of life, which in turn elevates market demand for product
integration. Enterprises should not only integrate advanced
technology in professional fields, but also expand their
cooperative work. ,ey must strive to create winning
upstream and downstream relationships between explo-
ration and related technologies. Currently, China is in a
critical period of economic transformation, and the ex-
ternal environment of enterprises is full of variables and
opportunities. Within this context, enterprises tend to seek
help from the outside world, and this often creates a virtual
enterprise (VE) [1]. ,e essence of VE is the organization,
formed by many heterogeneous enterprises under the
guidance of the overall task determined by market op-
portunity. ,e VE disintegrates with the disappearance of
market opportunity or the completion of the overall task. It
has more flexibility than a general enterprise innovation
alliance and can better seize market opportunities.

Simultaneously, it promotes heterogeneous and comple-
mentary partner enterprises to optimize the allocation of
core resources. VE can decrease product design costs,
shorten order cycle times, improve product quality, and
reduce the risk of delivery delays. After over 20 years of
research and development, the VE has been recognized as
an important model of the multiparty use of competitive
advantage in which enterprises share vital resources to
respond to market demand quickly [2].

Although VE can rapidly respond to market demand, it
will take a long time for a new product or technology to be
widely recognized.,is time lag effect is closely related to the
technological operation and innovation level of the partners
that make up the VE. In complex and dynamic market
conditions, VEs are required to agree on a stable cooperation
intention and share and deal with possible risks together [3].
,erefore, partner selection is the most critical step in the
construction of a VE. Partner selection is directly related to
the stability and development of a VE. ,e initial stage of
establishing a VE is the careful selection of cooperative and
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innovative partners to prevent innovation risks effectively. It
is necessary to study the partner selection of VE, which can
help a VE complete collaborative innovation with minimum
cost and time.

Presently, most of the research on VE partner selection
is based on the assumption of rationality. However, the
essence of VE is to manage market emergencies, which
requires high flexibility and mobility. ,is situation makes
the decision-making system face more complex envi-
ronmental factors. ,e psychological factors and risk
attitude of decision-makers become the key factors to be
considered. ,e traditional decision theory is unsuitable
to meet actual expectations. When choosing the func-
tional parameters of prospect theory, classical prospect
theory only considers the irrationality of decision-making
and does not distinguish the risk attitude of decision-
makers. By improving the prospect theory, the form of the
value function of prospect theory is improved based on
the utility curve, and its parameter range is extended,
which can integrate the decision-maker’s risk attitude into
partner selection. On the other hand, although many
scholars have made several considerations on the criteria
system chosen by the VE partners and demonstrated its
scientificity and objectivity, the calculation of its weight is
affected by the subjective factors of experts or decision-
makers. In similar alternative enterprises, the solution
method considering unknown weight is an accurate
evaluation. To avoid the influence of subjective factors as
much as possible, it is necessary to solve the unknown
weight.

,e structure of this paper is organized as follows.
Section 2 presents a brief review of the VE partner selection,
methods for VE partner selection, and fuzzy decision and
fuzzy set. Section 3 establishes the criteria for VE partner
selection. Section 4 proposes a multiattribute decision-
making method that takes into account the risk attitude of
decision-makers to solve decision-making problems with
unknown weights and uncertain attribute values. Section 5
provides a real case study concerning the VE partner se-
lection example to demonstrate the applicability and validity
of the proposed criteria and method. Conclusions and di-
rections for future research in the area are presented in
Section 6.

2. Literature Review

Partner selection has received considerable attention for
its significant effect on successful organization manage-
ment. A considerable number of literature reviews are
accomplished by various authors such as Guo et al. [4],
Gan et al. [5], and Venkatesh et al. [6]. In this section, we
classify the literature related to our work into three cat-
egories. ,e first category includes the works on VE
partner selection. ,e second category includes the
studies with a focus on the methods for VE partner se-
lection. ,e final category explores the literature on the
fuzzy decision and the fuzzy set. Following is the literature
review of some recent representative works.

2.1. Virtual Enterprise Partner Selection. VE is a kind of
organization form that can cooperate quickly to achieve
certain common goals through sharing and participating in
organizational behavior [7]. Despite differences in the
definition of VE, all concepts focus on cooperation to ex-
plore market opportunities through integrated database
systems [8]. As the establishment of a VE involves the in-
tegration of different innovation resources, many scholars
devote their research to the selection criteria of VE partners.
Here, it is important to note that such studies regard the VE
as an innovation alliance composed of several enterprises
answerable to a specific market demand [9]. Moreover, such
studies mobilize the VE as a concept to support temporary
alliances of manufacturing enterprises with various collab-
oration models [10]. Hu et al. propose that creating a VE
involves different task orientations and that emerges in an
interrelated state by agreeing to a continuous contract [11].
Accordingly, the VE is not in a fixed state, but instead in a
dynamic state that allows it to maintain cooperation and
interaction between multiple enterprises to adapt to the
market in the best possible way, continuously. VEs have
strategic objectives, maximizing flexibility and adaptability
to environmental changes [12]. Because of the diversity of
the organizational structure of the VE, the selection of
partners, the complementarity of resources, and the cor-
relation of core competitiveness are particularly important
[13].

,e partner selection criteria of VE should meet the
needs of collaborative innovation goal to the maximum
extent and also ensure the full integration of innovation
resources owned by partner members. ,erefore, partner
selection should be based on the needs of innovative
resources to determine specific objectives. Partner se-
lection should consider not only the importance and
scarcity of various innovation resources needed for col-
laborative innovation, but also the compatibility between
partners.

2.2. Criteria for VE Partner Selection. As the success of a VE
depends on its partners’ performance and coherence, it is
essential to review the existing research on the partner se-
lection of VE. Gan et al. [5] put forward the method of
partner selection under the mode of public-private coop-
eration and construct five evaluation criteria including
construction and operation capability, risk management
capability, environmental practices, business value forma-
tion, and financial capability. Hofstetter et al. [14] studied
the influence of innovation competition and innovation
incentive on the motivation of customer innovation. Yoon
et al. [15] studied the impact of technology-based compa-
nies’ restructuring of existing patent technologies on in-
novation opportunities in cross domain product
development. According to the classification of innovation
resources of alternative enterprises in the selection of supply
chain partners, Lv and Qi [16] built a collaborative product
innovation index system based on innovation resources that
include 7 indicators and 20 subindicators. Yayavaram et al.
[17] indicate that the likelihood of alliance formation
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increases when two firms are similar in domain knowledge,
but differ in architectural knowledge. In addition, the in-
fluence of different knowledge domains and structures on
partner selection is proposed.

However, the choice of VE partners has its own char-
acteristics. Most of the existing partner methods are
quantitative analysis, and the evaluation criteria are rela-
tively complex; however, there are some flaws in practical
application. It is a time-consuming and resource-intensive
process that should be managed with care [18]. VE, as a
special organization born under market opportunity, needs
to build alliance in a short time. ,erefore, the goal of
cooperation is relatively clear, and the specific demand for
partner innovation resources is also clear. In practice, the
business of VE can always be divided into several relatively
independent business processes or research objectives. It is
assumed that every stage needs to select the alternative
enterprises, and an excessively complex quantitative eval-
uation index system will restrict the efficiency of selection
[19]; hence, it is not feasible in practical operation. VE
partner selection pays more attention to the timeliness and
convenience of the selection method [10]. In considering the
completion time constraint, Wu and Su [20] model the
partner selection problem by an IP formulation to minimize
the manufacturing cost. ,e research framework of the
existing VE partner selection indicators is relatively simple,
such as the evaluation based on business process proposed
by Guo et al. [4], simple indicators such as cost, cycle, trust,
risk, and quality proposed by Ye and Li [21], or the main
indicators such as innovation performance, cost, and esti-
mated completion probability [22]. Crispim et al. [23]
proposed a chance-constrained approach to rank alternative
VE configurations in business environments with uncer-
tainty, and vague and random information.With the gradual
improvement of the evaluation method, the construction of
the VE partner selection index system tends to be com-
prehensive. Hu et al. [11] proposed that the influencing
factors of VE subtask partner selection include 3 criteria (10
subcriteria) of input resource value, task complexity, and
risk.

In addition, VE emphasizes overall efficiency. Even if the
main enterprise can select the best partner under each level
of subtask, the combination of them may not be conducive
to the improvement of the overall efficiency of the VE, which
obviously goes against the goal of VE construction. When
enterprises choose suitable VE partners, they often conduct
multiple investigations to determine the final suitable ob-
jects. To reflect the needs of enterprises for partners sci-
entifically and objectively, our study considers the main
factors of partner selection and the characteristics of VE
comprehensively. On this basis, this study simplifies the
design of evaluation indicators and strives to consider the
capabilities of partners comprehensively.

2.3. Methods for VE Partner Selection. Several works of lit-
erature are based on network analysis, fuzzy mathematics,
data envelopment analysis, and multiobjective decision-
making methods in the research of decision methods.

Hundreds of models and algorithms have been applied to
optimize partner selection [20, 22, 24]. Research on the
partner selection of VE involves a specific method to solve
the problem of enterprise evaluation in which multicriteria
decision-making (MCDM) is widely used. Analytic hierar-
chy process (AHP) is the most frequently used MCDM
approach for both supplier selection in supply chain man-
agement and VE partner selection [25]. Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS)
proposed by Hwang and Yoon is a technique based on the
similarity of ideal solutions. TOPSIS is based on the view
that the selected scheme should be the closest to the “positive
ideal solution” and farthest away from the “negative ideal
solution” [26]. Notably, deviation degree-based and risk
factor-based TOPSIS are two extended models for group
decision-making proposed by Ye and Li [21]. Cost, time,
trust, risk, and quality were selected as the evaluation cri-
teria. In 2010, Ye [27] proposed an extended TOPSIS for
group decision-making with interval-valued intuitionistic
fuzzy numbers, which is used to solve the problem of partner
selection in VEs under the condition of information
asymmetry. However, such solutions do not address the
flexibility of enterprise collaboration and rarely consider
collaboration risk, unsettling the rationality of the selection
results.

,e simplicity of programming encourages many
scholars to use TOPSIS, the most commonly used technique
to solve MCDM problems. However, TOPSIS is insufficient
to provide a consistency check of judgment and preference.
It can only deal with numbers, not language definition.
,erefore, to apply TOPSIS to qualitative criteria, other
methods must be used to quantify subjective terms. In this
study, multigranular fuzzy language is used to define sub-
jective evaluation to compensate for this deficiency. How-
ever, considering the shortcomings of AHP and TOPSIS in
weight design, fuzzy entropy theory is used to calculate the
weight.

It can be observed that fuzzy decision and fuzzy set
have been used in decision-making methods [28, 29].
Chuu [30] proposes a procedure to assess the degree of
manufacturing flexibility in a fuzzy environment by a
fuzzy fusion method of linguistic information. Zhang and
Chu [31] proposed a group decision-making approach,
incorporating a logarithmic least-squares optimization
model and a weighted least-squares optimization model to
aggregate these multiformat and multigranularity lin-
guistic judgments, and utilized fuzzy set theory to address
the uncertainty in the decision-making process. Sardari
et al. [32] introduced a new fuzzy decision tree meth-
odology based on hesitant fuzzy sets to classify highly
imbalanced datasets and proved that the proposed
methods outperform the other fuzzy rule-based ap-
proaches on the basis of experimental results. Rabcan et al.
[33] proposed a new algorithm with the application of a
fuzzy classifier for signal classification and added a new
procedure of fuzzification into the preliminary transfor-
mation using a fuzzy decision tree for classification. To
address the sustainable supplier selection problem, Tir-
kolaee et al. [34] implemented a novel hybrid approach
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based on the fuzzy logic in designing a supply chain and
applied the fuzzy Decision-Making Trial and Evaluation
Laboratory (DEMATEL) to identify the relationships
among the main criteria. Dinçer et al. [35] analyzed the
dimensions and criteria by multiple criteria decision
methods with hesitant fuzzy sets to evaluate the perfor-
mance results of European energy investment policies.
Büyüközkan and Güleryüz [36] proposed a combined
intuitionistic fuzzy group decision-making model to se-
lect the company to cooperate with potential partners in
the process of product development, which is composed of
an intuitionistic fuzzy analytic hierarchy process and
intuitionistic fuzzy technology. Liu et al. [37] proposed a
new method combined with rough number, best-worst
MCDM method, and compromise ranking method
(VIKOR).

However, inevitably, a lot of fuzzy and uncertain in-
formation is included in the process of determining the
criteria weight, and it is difficult for traditional methods to
represent the opinions of decision-making members ac-
curately. ,is study focuses on limited information to
determine the weight of key indicators. To deal with in-
complete information effectively, decision-making
members often directly use “important,” “general,” or
“unimportant” language to reflect their opinions.
,erefore, this study proposes to solve the unknown
weight in the multigranularity hesitation fuzzy language
environment, and on this basis, combined with the risk
attitude of decision-making members, to screen the VE
partners. ,is not only fully reflects the fuzziness of
evaluation judgment, but also gives full play to the in-
dividual initiative of decision-making members.

,ese methods provide a good research basis for this
study. ,erefore, to avoid the limitation of subjective
judgment on the weight, this study proposes a multiattribute
decision-making method that considers the risk attitude of
decision-makers to solve decision-making problems with
unknown weights and uncertain attribute values. Multi-
granular language was used to build the evaluation criteria
system of VE partners and to avoid experts’ subjective
preference for the criteria set. Additionally, a method of
entropy weight, based on hesitation fuzzy entropy, was used
to determine the attribute weight. Considering the different
risk preferences of decision-makers, we transformed the
fuzzy decision matrix into a prospect value matrix by using
the improved prospect theory value function. We also
replaced relative closeness with the calculated profit-loss
ratio to rank the alternatives. Finally, a case study was used to
evaluate the impact of different types of partners on the
collaborative innovation efficiency of VEs to optimize re-
source allocation and give full play to the collaborative
ability of VE.

3. Proposed Criteria

When enterprises choose suitable VE partners, they deter-
mine the final suitable objects through multiparty investi-
gation. For the virtual enterprise, because of its clear market
orientation and clear technical requirements, the evaluation

index should be clear, easy to quantify, and easy to operate.
At the same time, the amount of indicators should not be too
large to build the organization in a short time [19]. Due to
the complementarity of external resources in different de-
grees, it has a positive effect on different types of innovation
[38]. As the complementarity of innovation resources in-
volves all aspects of external resources, it needs a longer
period of investigation when it is measured as a single in-
dicator. At the same time, it is inevitable that there is in-
complete information. Instead, asset complementarity and
technology complementarity are considered in the indicator
system. Asset complementarity can be reflected by human
resources, hardware conditions, financial investment,
management organization, and other indicators. Technology
complementarity can be reflected by technology stock,
number of patents in the target field, and the degree of
technology overlap.

To scientifically and objectively reflect the needs en-
terprises require potential partners to fill, we constructed
evaluation criteria of innovation resources, including
human resources, innovation input, technical resources,
and organizational culture of members, through inter-
views and investigation. Based on existing technological
innovation indicators [39], the evaluation criteria system
comprises 4 main criteria and 12 subcriteria, as shown in
Table 1.

3.1. Human Resources C1. ,e level and experience of
technical personnel reflect the independent innovation
ability of an enterprise as a single member, and the com-
munication ability of employees reflects the degree of
member matching and harmony after cooperation. Due to
the imperceptible influence of each member’s corporate
culture, many differences exist across partners before they
form a VE [44]. Notably, if partners have decent commu-
nication abilities, they can effectively negotiate differences.
In addition to communication ability, the incentive strength
of enterprises will also have an impact on the enthusiasm of
employees’ innovation [41]. On the one hand, the innova-
tion incentive of enterprises shows the importance of in-
novation, and on the other hand, it also shows the
enthusiasm of technical staff for innovation.

3.2. Innovation Investment C2. Human resources are the
“soft power” of innovation investment, while equipment,
facilities, and investment amount are the “hard powers”
behind VEs. In the actual input process, we should not only
consider the amount of investment, but also plan for the
advanced and matching degrees of existing hardware and
equipment to optimize the allocation of resources.

3.3. Technical Resources C3. In addition to sharing
resources, the partners of a VE need to exchange and
communicate about their knowledge reserves and share key
technologies and related achievements [43]. Once tech-
nologies and/or patents of different partners form upstream
and downstream relationships or facilitate technology
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expansion, the VE can make full use of the minimum in-
novation cost to break through existing technical problems.
At the same time, if the overlapping intellectual cost of
similar or replaceable technology is high, the effect of
partners learning from each other will be low [40].

3.4. Organizational Culture C4. VEs have the ability to deal
with the market flexibly. To maintain a VE’s benign oper-
ation, a good atmosphere of innovation is essential. How-
ever, technological innovation is often uncertain, with every
small decision involving potential risks. Established VEs
should have a clear awareness of how to avoid innovation
risks and a good ability to coordinate and solve possible
conflicts—these elements include not only the full sharing of
information and effective implementation among enter-
prises, but also intimacy and trust between partners.

4. Methodology

4.1. Establishment of Evaluation Grade Set for Partner Se-
lection in VE. ,e first step is to determine the main criteria
and subcriteria for the VE partner selection. In Section 3,
four main criteria and 12 subcriteria (Table 1) have been
compiled through relevant literature and the investigation of
managers and practitioners. Finally, a hierarchical structure
is constructed based on the partner selection criteria in the
VE. According to Table 1, a standard set can be established:
C � C11, C12, C13, C21, C22, C23, C24, C31, C32, C33, C41, C42 .

Multigranularity fuzzy language is used to evaluate the
criteria and build the set of criteria’s evaluation results in-
dicated by Xr. ,e hesitant fuzzy language information with
a granularity of r can be represented by the following
equation:

X
r

� x
r
0, x

r
1, x

r
2, . . . , x

r
r−1 . (1)

When r � 5, Xr represents a five-level granularity lan-
guage scale, expressed as X5 � x5

0, x5
1, x5

2, . . . , x5
4 , com-

prised of the following representative language set: {very
bad, bad, general, good, excellent}. When r � 7, Xr repre-
sents a seven-level granularity language scale, expressed as
X7 � x7

0, x7
1, x7

2, . . . , x7
6 , comprised of the following rep-

resentative language set: {extremely poor, very poor, poor,
medium, good, very good, excellent}. When r � 9, Xr

represents a nine-level granularity language scale, expressed
as X9 � x9

0, x9
1, x9

2, . . . , x9
8 , comprised of the following

representative language set: {absolute difference, extreme
difference, difference, medium difference, medium, medium
good, good, excellent, absolutely good}.

4.2. Construction of Multigranular Hesitation Fuzzy Model.
Hesitant fuzzy linguistic term set (HFLTS) is a technology
that is useful in dealing with decision-making problems in
which people are hesitant to provide linguistic assess-
ments [45]. Suppose a hesitant fuzzy multiattribute de-
cision event involves a scheme set of X � xi ,

(i � 1, 2, . . . , p) that contains p alternatives and an attri-
bute set of C � cj , (j � 1, 2, . . . , q) that contains q

evaluation attributes. Due to the complexity and uncer-
tainty of the decision, its weight, ω � ω1,ω2, . . . ,ωp , is
unknown and satisfies ωj ∈ [0, 1], (j � 1, 2, . . . , q) and


q
j�1 ωj � 1. As a person with limited rationality, the de-

cision-maker of the project is affected by their knowledge,
background, and familiarity. Some attribute evaluation
values are inevitably underconsidered. Using a hesitant
fuzzy set, the decision value Hij, given by the decision-
maker, is as follows:

Hij � H X
lij
ij 

q×p
, (i � 1, 2, . . . , p; j � 1, 2, . . . , q). (2)

Table 1: Criteria for VE partner selection.

Main criteria Subcriteria ,e source literature

Product innovation
resources

C1: human resources

C11: the level and experience of
technicians Gan et al. [5], Lv and Qi [16]

C12: communication skills of employees Ye and Li [21], Mun et al. [10], Naveh [40],
Rangus and Černe [41]

C13: innovation incentives Hofstetter et al. [14], Rangus and Černe [41]

C2: innovation input

C21: applicability and advanced nature
of facilities Lv and Qi [16]

C22: management capacity of
equipment and facilities Lv and Qi [16], Wu and Su [20], Tan et al. [42]

C23: innovation investment amount Lu et al. [3], Gan et al. [5], Ye and Li [21], Lp
et al. [24]

C24: ability to manage innovation
investment Guo et al. [4], Hu et al. [11], Tan et al. [42]

C3: technology
resources

C31: number of patents and industry
standards

Gan et al. [5], Yoon et al. [15], Crispim et al.
[23]

C32: product innovation achievements
in the field Lv and Qi [16], Sköld and Karlsson [43]

C33: the degree of technology overlap Hu et al. [11], Yoon et al. [15], Sköld and
Karlsson [43], Naveh [40]

C4: organization and
culture

C41: conflict resolution ability Lu et al. [3], Ye and Li [21]
C42: product innovation atmosphere Mun et al. [10], Hofstetter et al. [14]

Mathematical Problems in Engineering 5



Here, Hij is the evaluation result of the jth criteria of the
ith enterprise. Each criteria result contains a hesitation fuzzy
set. lij is the number of elements in Hij, and X

lij
ij is the fuzzy

evaluation result.
If an enterprise chooses the most suitable partner from a

series of solutions, then it can describe the attributes of the
partner based on the data collected or expert opinions
captured, using fine-grained hesitant fuzzy language terms.
,is information can be represented by a set of terms in a
multigranular hesitating fuzzy language, as shown in the
following equation:

Hij �

H11
x1

H21
x2

· · · H
p1
xp

H12
x1

H22
x2

· · · H
p2
xp

⋮ ⋮ ⋱ ⋮

H
1q
x1 H

2q
x2 · · · H

pq
xp

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

q×p

. (3)

Here, Hij is the hesitant fuzzy number matrix, Hi is the
ith scheme using the granularity of hesitant fuzzy language,
and Hij

Xi
� Xij | Xij ∈ Hi  is a multigranular hesitant fuzzy

language term set.

4.3. Calculation of Weight by the Hesitant Fuzzy Entropy
Weight Method. With the increasing complexity of social
and economic problems, scholars have become aware of
the unique and differing limitations of each person’s
thinking ability and knowledge level. Accordingly, the
traditional fuzzy set proposed by Zadeh [46] has been
unable to describe the information of the decision-making
problems studied adequately. Due to the complexity of
innovation activities, the uncertainty of technology
sharing, and the limitations of experts’ cognitions, aca-
demics remain focused on determining attribute weight.
To ensure objective and scientific results, this study uses
the method of hesitant fuzzy entropy weight to calculate
multiattribute weight [47]. Under the constraint condi-
tion of interval intuitionistic fuzzy problems, a completely
attribute weight can be calculated using information
entropy.

,e calculation method of multigranular hesitation
fuzzy entropy is shown in the following equation:

E(H) � −
1

L ln 2


L

m�1

Xρ(m) + Xρ(L− m+1)

2k
· ln

Xρ(m) + Xρ(L− m+1)

2k

+ 1 −
Xρ(m) + Xρ(L− m+1)

2k
  · ln 1 −

Xρ(m) + Xρ(L− m+1)

2k
 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (4)

When the fuzzy language set of a criteria evaluation of
an enterprise is Xρ(m), . . . , Xρ(L− m+1) , the expected value
is E(H). Xρ(m) is the mth largest element in the hesitant
fuzzy number X, where m � 1, 2, . . . , L. L is the level of
granularity for an attribute evaluation of the scheme, ρ(m)

is an attribute size sequence number, and k is aggregate
granularity.

Based on the definition of fuzzy entropy, the value of
entropy Ej of each evaluation criterion can be calculated
using the following equation:

Ej �
1
p



p

i�1
(1 − E(H)). (5)

According to the theory of information entropy, the
smaller the entropy value, the higher the importance of the
corresponding evaluation criteria, with the converse also
being true.,erefore, the entropy weight calculationmethod
shown in equation (6) solves for the entropy value of the jth
evaluation criteria and evaluates its importance:

ωj �
1 − Ej


q
j�1 1 − Ej 

. (6)

Considering the different preferences of the decision-
maker and the criteria set, and furthermodifying the entropy
weight, δj(j � 1, 2, . . . , q), may render the entropy weight of
each evaluation criteria more accurate. ,e calculation
method is shown in the following equation:

ω∗j �
δjωj


q

j�1 δjωj

, j � 1, 2, . . . , q. (7)

,erefore, according to equations (3) and (7), the
evaluation matrix �X

∗ of alternative enterprises can be ob-
tained. ,e specific calculation is as follows:

�X
∗

� ω∗j Hij, (i � 1, 2, . . . , p; j � 1, 2, . . . , q). (8)

4.4. Calculation of Multigranular Language Scaling and
Generalized Distance

4.4.1. Calculation of Positive and Negative Ideal Solutions.
In the hesitant fuzzy set, the positive and negative ideal
solutions are the sets of the maximum and minimum
evaluation values in each index, respectively. ,e positive
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ideal solution H+, negative ideal solution H− , and calcu-
lation methods are as follows:

H
+

� Xj,max
p

i�1
〈Xε

ij〉 j ∈ J1, ε ∈ [1, L]
 , Xj,min

p

i�1
〈Xε

ij〉 j ∈ J2, ε ∈ [1, L]
  

� Xj, H X
1
ij 

+
, X

2
ij 

+
, . . . , X

L
ij 

+
  , Xj, H X

1
ij 

−
, X

2
ij 

−
, . . . , X

L
ij 

−
  ,

(9)

H
−

� Xj,min
p

i�1
〈Xε

ij〉 j ∈ J1, ε ∈ [1, L]
 , zj,max

p

i�1
〈Xε

ij〉 j ∈ J2, ε ∈ [1, L]
  

� Xj, H X
1
ij 

−
, X

2
ij 

−
, . . . , X

L
ij 

−
  , Xj, H X

1
ij 

+
, X

2
ij 

+
, . . . , X

L
ij 

+
  .

(10)

Here, J1 is the benefit criteria, J2 is the cost criteria,
i � 1, 2, . . . , p, j � 1, 2, . . . , q, ε � 1, 2, . . . , L, and Xj is the
ideal solution of the jth attribute of the scheme.

4.4.2. Calculation Method of Multigranular Generalized
Distance. Suppose the two sets of multigranular languages
are X � x1, x2, . . . , xp , (i � 1, 2, . . . , p) and X′ � x1, x2,

. . . , xp′}, (i � 1, 2, . . . , p′). ,e granularity of sets X and X′

is p and p′, respectively. Suppose HM
X (xi) � ρM

j (xi) |

ρM
j (xi) ∈ X} and HM

X′(xi) � ρM
j (xi) | ρM

j (xi) ∈ X′} are the
hesitant fuzzy sets defined with X � x1, x2,

. . . , xp}, (i � 1, 2, . . . , p). According to Hamming distance
and Euclidean distance, the ith attribute distance of fuzzy sets
HM

X and HM
X′ is shown in equations (11) and (12),

respectively:

Dhm H
M
X , H

M
X′  �

1
L



L

j�1

ρM
j xi( 

p
−
ρN

j xi( 

p′




, (11)

Dl d H
M
X , H

M
X′  �

����������������������

1
L



L

j�1

ρM
j xi( 

p
−
ρN

j xi( 

p′
 

2



, (12)

where j is the element sequence number of the first attribute
in the hesitant fuzzy set and j � 1, 2, . . . , L. L is the number
of elements in the attribute xi and ρM

j (xi) is the j
th largest

element in the attribute xi.
Based on Hamming distance and Euclid distance, the

general expression of two kinds of distances can be obtained
by extending the hesitant fuzzy distance. ,e calculation
method of the distance DT(HM

X , HN
X′) between the fuzzy set

HM
X and HN

X′ is shown in the following equation:

DT H
M
X , H

N
X′  �

1
L



L

j�1

ρM
j xi( 

p
−
ρN

j xi( 

p′





χ

⎤⎦

1/χ

,⎡⎢⎢⎢⎢⎣ (13)

where χ is a positive integer and DT(HM
X , HN

X′) is the dis-
tance between two fuzzy sets.

,e distance between scheme zi and positive and neg-
ative ideal solutions is, thus, expressed by D+

T(Hi, H+) and
D−

T(Hi, H− ), respectively, as shown in equations (14) and
(15), respectively:

D
+
T Hi, H

+
(  � DT Hi1, H

+
1( , DT Hi2, H

+
2( , . . . , DT Hiq, H

+
q  , i � 1, 2, . . . , p, (14)

D
−
T Hi, H

−
(  � DT Hi1, H

−
1( , DT Hi2, H

−
2( , . . . , DT Hiq, H

−
q  , i � 1, 2, . . . , p, (15)

4.5. Ranking Method Based on Prospect ;eory

4.5.1. Improved Prospect ;eory. Prospect theory assumes
bounded rationality. It, thus, divides the human decision-
making process into twomain stages: (1) the collection of the
evaluation objects or the value of the evaluation scheme
under different criteria and (2) decisions after the infor-
mation is synthesized based on the collected decision matrix.

,erefore, to consider the risk attitude and behavioral
characteristics of decision-makers, prospect theory uses
“foreground value” instead of expected utility as the basis for
decision-making. It is, thus, summarized as a descriptive
decision model. Prospect theory reveals the influence of
subconscious psychology on decision-making results and
promotes the continuous improvement of decision-making
theory [48]. ,e reference point is an important parameter
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to measure profit and loss. ,us, choosing a reasonable
reference point in prospect theory influences decision-
making results [49]. In this study, positive and negative ideal
solutions are used as reference points [50].

,e value function proposed by Tversky and Kahne-
man [51] is the value of the decision-maker’s subjective
feelings based on actual benefits and losses. ,e prospect
value of decision-makers in prospect theory includes two
parts: (1) the value function and (2) the weight function.
,e calculation method is shown in the following
equation:

V � 
n

i�0
ω pi( v Δxi( . (16)

Here, V is the prospect value, v(Δxi) is the value
function, and ω(pi) is the weight function.

,e concept of the utility curve was first put forward
by Bernoulli [52]. It shows the decision-maker’s reflection
on profit-loss in the face of risk. Generally, the risk at-
titude of decision-makers is fitted into a curve to measure
subjective attitude. Based on the utility function proposed
by Bernoulli, we introduce a new parameter based on the
utility curve to render the relative loss of income more
sensitive [53]. ,e expression of the value function of the
improved prospect theory is shown in the following
equation:

v(Δx) �
φΔxα, Δx≥ 0,

−θ(−Δx)β, Δx< 0,
 (17)

where Δx is the distance from the reference point, Δx≥ 0 is
the benefit, Δx< 0 is the loss, α and β are the risk sen-
sitivity coefficients in the case of profit or loss, θ is the risk
attitude coefficient, and θ> 1 indicates that the decision-
maker is sensitive to the loss. Additionally, φ and θ reflect
that decision-makers are more sensitive to gains or losses.
When θ � 1 and φ> 1, earnings are more sensitive to loss,
while when φ � 1 and θ> 1, losses are more sensitive to
earnings.

Zeng [54] reproduced the Tversky experiment and found
that the value of the same experimental procedure in dif-
ferent regions with parameters α and β can be greater than 1.
,is phenomenon is because the experimental data did not
fully meet the conditions of each country in his experiment.
Ma and Sun [53] believe that the variance is not caused by
differences between China and the United States because of
the room for improvement in the parameter values. He, thus,
proposed three different types of risk attitu-
des—conservative, intermediate, and risky. More scholars
have built on this research [55]. ,e prospect theoretical
value functions of three different risk attitudes are shown in
Figure 1. ,is study followed decision-makers with three
different types of risk attitudes—risky (0< α, β< 1), inter-
mediate (α � β � 1), and conservative (α, β> 1)—to design
value function parameters [55].

4.5.2. Ranking according to Benefit-Loss Ratio. According to
the concept of the value function and behavioral economics
in prospect theory, each scheme’s benefit-loss emerges
relative to the positive ideal solution, and each scheme’s
benefit-gain emerges relative to the negative ideal solution.
,is is given by

V
−
ij DT Hi, H

+
( (   � −θ DT Hij, H

+
j  

β
 

p×q
, (18)

V
+
ij DT Hi, H

+
( (   � φ DT Hij, H

−
j  

α
 

p×q
. (19)

In addition to the result of the closeness degree, the
benefit-loss ratio Si of the prospect theory can measure the
advantages and disadvantages of the scheme. ,e larger the
benefit-loss ratio Si, the better the plan. ,e calculation
method of the profit-loss ratio is shown in the following
equation:

Si �


p

j�1 V+
ij DT Hi, H+( ( 


p
j�1 V−

ij DT Hi, H+( ( 
. (20)

4.6. Steps of Partner Selection in Construction Projects. To
clarify the fuzzy decision-making problem of uncertain
attribute weight and multigranular hesitation for VE partner
evaluation, we propose the evaluation model of enterprise
innovation input, ranked by the multiattribute decision-
making method, based on the entropy weight and improved
prospect theory. ,e evaluation process of VE partner se-
lection is shown in Figure 2.

v (x)

b x

Reference point

Risky parameter
Intermediate parameter
Conservative parameter

Figure 1: Prospect theoretical value function of three different risk
attitudes.
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Step 1: the multigranular language is used to grade the
criteria system, and the standardized fuzzy decision-
making matrix X is constructed according to equation
(3).
Step 2: the fuzzy array elements in the evaluationmatrix
are arranged in increasing order, and the number of
elements in the matrix is supplemented by combining
them with the expansion rules to obtain the unified
fuzzy decision matrix X∗ of the evaluation quantity of
each index.
Step 3: the concept of information entropy is applied to
hesitant fuzzy theory, and the weight of the evaluation
criteria is calculated by the obtained fuzzy entropy. In
the case of unknown weight, more accurate weight can
be obtained using equations (4) to (7).
Step 4: multiplying the weight by the unified fuzzy
decision matrix X∗ gives the evaluation matrix of al-
ternative enterprises �X

∗

Step 5: combining equations (9) and (10) solves for the
positive and negative ideal solutions, H+ and H− , re-
spectively, of the fuzzy evaluation matrix. According to

equations (14) and (15), the distance between each
scheme and positive and negative ideal solutions is
calculated.
Step 6: from the meaning of value function in equation
(17) of prospect theory, the earnings of each scheme,
relative to the reference point, can be obtained. ,e
calculation methods of benefit-loss and gain are shown
in equations (18) and (19), respectively.
Step 7: finally, the loss-profit ratio of each scheme is
calculated according to equation (20), to rank the
advantages and disadvantages of schemes.

5. Case Study

5.1. Case Company Background. In this paper, to verify the
effectiveness of the decision-making model, an intelligent
device manufacturer is taken as an example to illustrate the
decision-making process. Assuming the manufacturer achieves
a moderate scientific research result with strong practicability
through continuous experiment and research, it plans to build
a VE. It prepares products for sale in the market.

Multigranular hesitant 
fuzzy decision matrix X

The consistent fuzzy 
matrix X∗

Element topology 
principle

Expert evaluation

Fuzzy entropy theory

Calculate the distance from the alternative to the 
positive and negative ideal solutions

Weighted prospective value

Improved prospect 
theory

Final ranking of scheme advantages and disadvantages

Multigranular language 
evaluation method

Weight of each 
evaluation criterion

Determine the positive and 
negative ideal solutions

Step 1

Step 2
Step 3

Step 4

Step 5

Step 6

Step 7

Evaluation matrix X∗of alternative enterprises

Figure 2: Evaluation process of VE partner selection.

Mathematical Problems in Engineering 9



In the early stage of bidding and investigation, the
manufacturer is faced with selecting partners from en-
terprises x1, x2, x3, and x4 to build a VE. However, con-
sidering the management and profit-sharing of VE, only
one or two enterprises need to be selected as partners. To
explore research and development in new technology, and
to scientifically consider the advantages and disadvan-
tages of partnering with the four enterprises, experts are
invited to evaluate technology-based SMEs in a province
of China and use the evaluation system (Table 1) as in
preceding sections for evaluation. ,e evaluation criteria
set can be defined as C � C11, C12, C13, C21, C22, C23, C24,

C31, C32, C33, C41, C42}.

5.2. Application of the Proposed Criteria and Method

Step 1: the expert evaluation uses the multigranular
language scaling method to yield a result for the
hesitation fuzzy decision matrix, as shown in
Table 2.
Step 2: the elements in Table 2 are supplemented,
and the elements in the less hesitant fuzzy number
are increased using repetition or average so that all
elements in the hesitant fuzzy number have the same
number. Ensure that all the elements in Table 2 are
expanded to match the fuzzy matrix X∗:

X∗ �

(0.5714, 0.7143, 0.8571) (0.4, 0.6, 0.8) (0.3333, 0.4444, 0.5556) (0.4444, 0.5556, 0.6667)

(0.4286, 0.5000, 0.5714) (0.4, 0.5, 0.6) (0.3333, 0.4444, 0.5556) (0.6667, 0.7778, 0.8889)

(0.2857, 0.4286, 0.5714) (0.8, 0.8, 0.8) (0.5556, 0.6111, 0.6667) (0.5556, 0.6667, 0.7778)

(0.5714, 0.7143, 0.8571) (0.4, 0.6, 0.8) (0.4444, 0.5556, 0.6667) (0.2222, 0.3333, 0.4444)

(0.7143, 0.7857, 0.8571) (0.6, 0.7, 0.8) (0.2222, 0.3333, 0.4444) (0.4444, 0.5000, 0.5556)

(0.5714, 0.7143, 0.8571) (0.4, 0.6, 0.8) (0.5556, 0.5556, 0.5556) (0.5556, 0.6667, 0.7778)

(0.5714, 0.5714, 0.5714) (0.4, 0.5, 0.6) (0.8889, 0.8889, 0.8889) (0.6667, 0.7222, 0.7778)

(0.4286, 0.5000, 0.5714) (0.2, 0.4, 0.6) (0.6667, 0.7778, 0.8889) (0.4444, 0.4444, 0.4444)

(0.4286, 0.5000, 0.5714) (0.4, 0.5, 0.6) (0.7778, 0.8333, 0.8889) (0.5556, 0.6111, 0.6667)

(0.4286, 0.5714, 0.7143) (0.4, 0.6, 0.8) (0.5556, 0.5556, 0.5556) (0.4444, 0.5000, 0.5556)

(0.4286, 0.4286, 0.4286) (0.6, 0.7, 0.8) (0.3333, 0.4444, 0.5556) (0.2222, 0.3333, 0.4444)

(0.4286, 0.5714, 0.7143) (0.2, 0.4, 0.6) (0.3333, 0.3333, 0.3333) (0.3333, 0.3889, 0.4444)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (21)

Step 3: as this study proposes, a multiattribute de-
cision-making method based on multigranular hes-
itation fuzzy entropy transformation is used to
address the difficulty in determining the weights of
experts and indices in the group decision-making
when such weights are unknown. Next, the unknown

weight was calculated using equations (4) to (7). And
according to the calculation results and the decision-
maker’s preference for the index, the more accurate
weight ω∗ is obtained, as shown in the following
equation:

ω∗ � [0.0815, 0.1085, 0.182, 0.0487, 0.0857, 0.0487, 0.1252, 0.052, 0.0733, 0.0234, 0.0994, 0.0716]
T
. (22)
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Step 4: the weight matrix ω∗ is multiplied by the
normalized hesitant fuzzy matrix X∗ to obtain the
weighted normalized matrix �X

∗:

�X
∗

�

(0.0466, 0.0582, 0.0698) (0.0326, 0.0489, 0.0652) (0.0272, 0.0362, 0.0453) (0.0362, 0.0453, 0.0543)

(0.0465, 0.0542, 0.0620) (0.0434, 0.0542, 0.0651) (0.0362, 0.0482, 0.0603) (0.0723, 0.0844, 0.0964)

(0.0520, 0.0780, 0.1040) (0.1456, 0.1456, 0.1456) (0.1011, 0.1112, 0.1213) (0.1011, 0.1213, 0.1415)

(0.0279, 0.0348, 0.0418) (0.0195, 0.0292, 0.0390) (0.0217, 0.0271, 0.0325) (0.0108, 0.0162, 0.0217)

(0.0612, 0.0673, 0.0734) (0.0514, 0.0600, 0.0685) (0.0190, 0.0286, 0.0381) (0.0381, 0.0428, 0.0476)

(0.0279, 0.0348, 0.0418) (0.0195, 0.0292, 0.0390) (0.0271, 0.0271, 0.0271) (0.0271, 0.0325, 0.0379)

(0.0716, 0.0716, 0.0716) (0.0501, 0.0626, 0.0751) (0.1113, 0.1113, 0.1113) (0.0835, 0.0904, 0.0974)

(0.0223, 0.0260, 0.0297) (0.0104, 0.0208, 0.0312) (0.0347, 0.0405, 0.0462) (0.0231, 0.0231, 0.0231)

(0.0314, 0.0367, 0.0419) (0.0293, 0.0367, 0.0440) (0.0570, 0.0611, 0.0652) (0.0407, 0.0448, 0.0489)

(0.0100, 0.0134, 0.0167) (0.0094, 0.0140, 0.0187) (0.0130, 0.0130, 0.0130) (0.0104, 0.0117, 0.0130)

(0.0426, 0.0426, 0.0426) (0.0596, 0.0696, 0.0795) (0.0331, 0.0442, 0.0552) (0.0221, 0.0331, 0.0442)

(0.0307, 0.0409, 0.0511) (0.0143, 0.0286, 0.0429) (0.0239, 0.0239, 0.0239) (0.0239, 0.0278, 0.0318)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (23)

Step 5: the fuzzy positive ideal solution H+ and negative
ideal solution H− are obtained by solving equations (9)
and (10), as shown in Table 3. Now, the distance
D+

T(Hi, H+) between each scheme and positive ideal
solution and the distance D−

T(Hi, H− ) between each
scheme and negative ideal solution can be determined
using equations (14) and (15). According to our cal-
culation, results are shown in Table 4.

Step 6: based on the significance of the value
function in prospect theory, the positive ideal so-
lution and negative ideal solution are the reference
points for the scheme, that is, the loss value and the
revenue value, respectively. Let α � β � 0.88 be risky
parameters, α � β � 1 be intermediate parameters,
and α � β � 1.21 be conservative parameters. We
calculate the foreground value of each scheme
according to equations (18) and (19), as shown in
Tables 5–7.

Step 7: we calculate the profit-loss ratio based on the
prospect theory using equation (20) and uncover the
advantages and disadvantages of each scheme. ,e
schemes were then ranked, as shown in Table 8.

5.3. Comparative Analysis of Results. Table 8 reveals that,
after using the entropy weight method, to objectively solve
the weights along with three different corporate decision-
maker risk attitudes, the optimal ranked enterprise among
the four companies is enterprise x2. Choosing enterprise x2
as a partner can effectively prevent innovation risks, allocate
innovation resources, promote technology sharing among
enterprises, and promote the stable growth of the VE.

Moreover, the ranking of the four enterprises was
x2 > x3 >x4 >x1 for risky and intermediate decision-makers
and x2 >x3 > x4 >x1 for conservative decision-makers.
Comparing this with the normalization matrix indicates,
although enterprises x1, x3, and x4 have advantages, their

Table 2: Multigranular hesitation fuzzy decision matrix.

x1 x2 x3 x4

C11 (X7
4, X7

5, X7
6) (X5

2, X5
3, X5

4) (X9
3, X9

4, X9
5) (X9

4, X9
5, X9

6)

C12 (X7
3, X7

4) (X5
2, X5

3) (X9
3, X9

4, X9
5) (X9

6, X9
7, X9

8)

C13 (X7
2, X7

3, X7
4) (X5

4) (X9
5, X9

6) (X9
5, X9

6, X9
7)

C21 (X7
4, X7

5, X7
6) (X5

2, X5
3, X5

4) (X9
4, X9

5, X9
6) (X9

2, X9
3, X9

4)

C22 (X7
5, X7

6) (X5
3, X5

4) (X9
2, X9

3, X9
4) (X9

4, X9
5)

C23 (X7
4, X7

5, X7
6) (X5

2, X5
3, X5

4) (X9
5) (X9

5, X9
6, X9

7)

C24 (X7
4) (X5

2, X5
3) (X9

8) (X9
6, X9

7)

C31 (X7
3, X7

4) (X5
1, X5

2, X5
3) (X9

6, X9
7, X9

8) (X9
4)

C32 (X7
3, X7

4) (X5
2, X5

3) (X9
7, X9

8) (X9
5, X9

6)

C33 (X7
3, X7

4, X7
5) (X5

2, X5
3, X5

4) (X9
5) (X9

4, X9
5)

C41 (X7
3) (X5

3, X5
4) (X9

3, X9
4, X9

5) (X9
2, X9

3, X9
4)

C42 (X7
3, X7

4, X7
5) (X5

1, X5
2, X5

3) (X9
3) (X9

3, X9
4)
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overall strength is almost the same. Meanwhile, turning the
spotlight on the expert evaluation figures of enterprise x3, we
find that its technology resources are its advantage, and the
rest of its innovation resources are mediocre. When the
weights of traditional evaluation methods are known, this
unilateral advantage may be affected by the subjective factors

of experts and becomes a shortboard. In this study, fuzzy
entropy is used to calculate the unknown weight, which can
effectively avoid the interference of experts’ subjective fac-
tors on enterprise ranking, and more objectively evaluate the
advantage resources of enterprises. Using our evaluation
method, we find that risk-taking and intermediate decision-

Table 3: Positive and negative ideal solutions of hesitant fuzzy language.

Evaluation criteria (C) Negative ideal solution (H− ) Positive ideal solution (H+)

C11 (0.0272, 0.0362, 0.0453) (0.0466, 0.0582, 0.0698)
C12 (0.0362, 0.0482, 0.0603) (0.0723, 0.0844, 0.0964)
C13 (0.0520, 0.0780, 0.1040) (0.1456, 0.1456, 0.1456)
C21 (0.0108, 0.0162, 0.0217) (0.0279, 0.0348, 0.0418)
C22 (0.0190, 0.0286, 0.0381) (0.0612, 0.0673, 0.0734)
C23 (0.0195, 0.0271, 0.0271) (0.0279, 0.0348, 0.0418)
C24 (0.0501, 0.0626, 0.0716) (0.1113, 0.1113, 0.1113)
C31 (0.0104, 0.0208, 0.0231) (0.0347, 0.0405, 0.0462)
C32 (0.0293, 0.0367, 0.0419) (0.0570, 0.0611, 0.0652)
C33 (0.0094, 0.0117, 0.0130) (0.0130, 0.0140, 0.0187)
C41 (0.0221, 0.0331, 0.0426) (0.0596, 0.0696, 0.0795)
C42 (0.0143, 0.0239, 0.0239) (0.0307, 0.0409, 0.0511)

Table 4: Distance between positive and negative ideal solutions of each scheme attribute.

Scheme x1 x2 x3 x4

Criteria
Positive ideal

solution
distance

Negative ideal
solution
distance

Positive ideal
solution
distance

Negative ideal
solution
distance

Positive ideal
solution
distance

Negative ideal
solution
distance

Positive ideal
solution
distance

Negative ideal
solution
distance

C11 0 0.0221 0.0101 0.0140 0.0221 0 0.0131 0.0091
C12 0.0303 0.0070 0.0302 0.0061 0.0362 0 0 0.0362
C13 0.0708 0 0 0.0708 0.0354 0.0357 0.0293 0.0436
C21 0 0.0186 0.0060 0.0135 0.0078 0.0108 0.0186 0
C22 0 0.0388 0.0076 0.0314 0.0388 0 0.0245 0.0148
C23 0 0.0107 0.0060 0.0070 0.0096 0.0044 0.0026 0.0082
C24 0.0398 0.0134 0.0498 0.0021 0 0.0507 0.0216 0.0292
C31 0.0145 0.0084 0.0200 0.0047 0 0.0224 0.0180 0.0075
C32 0.0245 0.0012 0.0246 0.0012 0 0.0252 0.0163 0.0090
C33 0.0021 0.0024 0.0021 0.0036 0.0034 0.0022 0.0039 0.0006
C41 0.0282 0.0130 0 0.0370 0.0254 0.0116 0.0364 0.0009
C42 0 0.0208 0.0127 0.0114 0.0190 0.0055 0.0140 0.0075

Table 5: Prospective values of attributes for risky scheme.

Scheme x1 x2 x3 x4

Criteria
Positive

prospective
values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values
C11 0.0349 0 0.0233 −0.0393 0 −0.0785 0.0159 −0.0496
C12 0.0127 −0.1038 0.0113 −0.1033 0 −0.1212 0.0539 0
C13 0 −0.2190 0.0973 0 0.0532 −0.1188 0.0635 −0.1008
C21 0.0300 0 0.0226 −0.0250 0.0186 −0.0316 0 −0.0676
C22 0.0574 0 0.0476 −0.0307 0 −0.1291 0.0245 −0.0860
C23 0.0185 0 0.0127 −0.0250 0.0084 −0.0377 0.0147 −0.0121
C24 0.0225 −0.1317 0.0043 −0.1605 0.0725 0 0.0446 −0.0771
C31 0.0149 −0.0544 0.0089 −0.0720 0.0354 0 0.0134 −0.0655
C32 0.0027 −0.0859 0.0027 −0.0863 0.0392 0 0.0159 −0.0601
C33 0.0049 −0.0099 0.0070 −0.0099 0.0046 −0.0150 0.0015 −0.0170
C41 0.0219 −0.0973 0.0549 0 0.0198 −0.0888 0.0021 −0.1220
C42 0.0331 0 0.0194 −0.0483 0.0103 −0.0687 0.0135 −0.0527
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makers regard enterprise x3 as an alternative to enterprise x2.
In contrast, conservative decision-makers pay more atten-
tion to the overall level of the enterprise. In this case, the
evaluation of enterprise x3 is slightly inferior to that of
enterprise x4. By improving the prospect theory, the eval-
uation method proposed in this study reasonably analyzes
the different ranking of enterprise evaluation by decision-
makers with different risk tendencies. ,is phenomenon is
more consistent with the actual situation. Our evaluation
model adequately accounts for the unknown weight, the
dynamic nature of VE cooperation, and the relatively clear
task orientation to scientifically evaluate potential partners
for a VE. Such an evaluation system of VE partner capability

can help enterprises choose partners who can learn from
their strengths and compensate for their weaknesses, thus
helping VEs avoid possible loopholes under different risk
attitudes to maximize innovation revenue.

6. Conclusion

In the event of complex and changeable market demand,
VE has the advantage of multiparty cooperation and can
respond flexibly. However, different participants’ back-
grounds bring potential risks to the construction of VE.
,erefore, careful partner selection is very important for
the creation of VE. In this study, a multigranularity,

Table 6: Prospective values of attributes for intermediate schemes.

Scheme x1 x2 x3 x4

Criteria
Positive

prospective
values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values
C11 0.0221 0 0.0140 −0.0226 0 −0.0497 0.0091 −0.0295
C12 0.0070 −0.0683 0.0061 −0.0678 0 −0.0814 0.0362 0
C13 0 −0.1594 0.0708 0 0.0357 −0.0795 0.0436 −0.0660
C21 0.0186 0 0.0135 −0.0135 0.0108 −0.0176 0 −0.0419
C22 0.0388 0 0.0314 −0.0171 0 −0.0874 0.0148 −0.0551
C23 0.0107 0 0.0070 −0.0135 0.0044 −0.0216 0.0082 −0.0059
C24 0.0134 −0.0895 0.0021 −0.1120 0.0507 0 0.0292 −0.0487
C31 0.0084 −0.0327 0.0047 −0.0450 0.0224 0 0.0075 −0.0404
C32 0.0012 −0.0550 0.0012 −0.0553 0.0252 0 0.0090 −0.0367
C33 0.0024 −0.0047 0.0036 −0.0047 0.0022 −0.0075 0.0006 −0.0087
C41 0.0130 −0.0634 0.0370 0 0.0116 −0.0572 0.0009 −0.0820
C42 0.0208 0 0.0114 −0.0286 0.0055 −0.0427 0.0075 −0.0316

Table 7: Prospective values of attributes of conservative schemes.

Scheme x1 x2 x3 x4

Criteria
Positive

prospective
values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values

Positive
prospective

values

Negative
prospective

values
C11 0.0099 0 0.0057 −0.0086 0 −0.0223 0.0034 −0.0119
C12 0.0025 −0.0328 0.0021 −0.0325 0 −0.0405 0.0180 0
C13 0 −0.0914 0.0406 0 0.0177 −0.0394 0.0226 −0.0315
C21 0.0081 0 0.0055 −0.0046 0.0042 −0.0064 0 −0.0181
C22 0.0196 0 0.0152 −0.0061 0 −0.0442 0.0061 −0.0253
C23 0.0041 0 0.0025 −0.0046 0.0014 −0.0081 0.0030 −0.0017
C24 0.0054 −0.0454 0.0006 −0.0596 0.0271 0 0.0139 −0.0218
C31 0.0031 −0.0135 0.0015 −0.0198 0.0101 0 0.0027 −0.0174
C32 0.0003 −0.0252 0.0003 −0.0254 0.0116 0 0.0034 −0.0154
C33 0.0007 −0.0013 0.0011 −0.0013 0.0006 −0.0023 0.0001 −0.0027
C41 0.0052 −0.0299 0.0185 0 0.0045 −0.0264 0.0002 −0.0409
C42 0.0092 0 0.0044 −0.0114 0.0018 −0.0186 0.0027 −0.0129

Table 8: Revenue and loss ratio results and scheme ranking.

Scheme x1 x2 x3 x4 Ranking

Profit-loss ratio
Risky parameters 0.3613 0.5199 0.3801 0.3709 x2 >x3 >x4 >x1

Intermediate parameters 0.3310 0.5328 0.3790 0.3731 x2 >x3 >x4 >x1
Conservative parameters 0.2846 0.5625 0.3800 0.3810 x2 >x4 >x3 >x1
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hesitant fuzzy decision-making method for VE partner
selection is proposed. According to the needs of enter-
prises, 4 main criteria and 12 subcriteria for VE partner
selection are established. To avoid the influence of experts’
subjective tendency weight, this study uses information
entry and fuzzy theory to calculate the weight of the
evaluation criteria when the weight of VE partner se-
lection is unknown. Because the information in the al-
ternative enterprise is not quantifiable and is incomplete,
this study also uses the multigranularity fuzzy compre-
hensive evaluation method, which makes the positioning
of a single alternative enterprise in the same industry
more objective and accurate, and it is easier for the main
enterprise to find suitable partners. To verify the scien-
tificity and feasibility of the proposed criteria and
methods for partner selection in VEs, a case study was
conducted.,e results show that the proposed criteria and
methods have good practical application, and the deci-
sion-maker’s risk attitude will affect the choice of part-
ners. ,e above examples confirm that although the
process of building a VE involves innovation risks, our
approach to partner selection can enable such risks to be
avoided and the allocation of innovation resources can be
optimized to yield a stable VE. Our research not only
considers the effective integration of internal and external
technology, and knowledge resources in building VEs, but
also covers the adaptability of the enterprise. To a certain
extent, this method can be used as a structural model of
VE partner selection. Besides, the methodology can also
be improved according to the actual situation. For further
research, a fuzzy questionnaire can be used for collecting
data to prevent information bias.
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