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With the deepening of the uncertainty and fuzziness of people’s understanding of things, it becomes more convenient to use fuzzy
decision making in evaluating schemes. �ese schemes not only include quantitative data but also consider more and more
uncertainty evaluation information. In fuzzy theory, the Pythagorean fuzzy set is extended, both of which are less than or equal to
1, which increases the scope of application.�is paper mainly studies the selection of green logistics. Based on the original TOPSIS
principle, this paper introduces a Pythagorean fuzzy symmetric cross entropy to describe the di�erence between two Pythagorean
fuzzy numbers and proves its rationality. �e model is applied to the selection of green logistics and compared with the results
obtained by other di�erent methods, which also shows the e�ectiveness and practicability of the model. It extends the use of fuzzy
sets and can solve some problems that cannot be solved by intuitionistic fuzzy sets before.

1. Introduction

With the in�uence of global economic integration, more and
more companies, regions, and even countries are coming
together due to competition or cooperation, and decision
making is an essential part of it. People involved in decision
making increase and the rights of individuals to participate
expand, the speed of decision making becomes slower, and
the process becomes more complex. �us, multiobjective
decision making has developed into an extremely important
research area in modern decision theory and decision sci-
ence, with far-reaching applications in engineering, logistics,
medicine, and military [1].

�e selection of suppliers is gradually diversi�ed and
globalized, and the economic and practical signi�cance of
supplier selection is becoming more and more prominent,
which can help enterprises to reasonably reduce their op-
erating costs and gradually improve the operational e�-
ciency, especially with the increasing severity of resource
scarcity and environmental problems, the supply chain
management is also increasingly advocating “green”.
�erefore, the evaluation and decision of green logistics has
become a more important part. In the selection and

multiobjective decision-making stage of green logistics
based on the collected data, the selection of criteria may not
be unique and uncertain, and the criteria need to be
established according to the analysis on the decision ob-
jectives. Moreover, at this stage of supply chain develop-
ment, not all data are precise and can be described
accurately, and some of the criteria have uncertain and vague
data descriptions [2]. More guidelines are some linguistic
descriptions that cannot be directly described by data, such
as green image of suppliers, green competitiveness, and
production capacity of suppliers. �us, multiobjective de-
cision making for suppliers in a fuzzy environment is a
worthwhile research problem [3].

Multiobjective decision making usually means that there
are multiple alternatives and decisions are made after
evaluating them under multiple criteria. Sets have evolved
from the classical one containing deterministic elements to
include fuzzy sets with fuzzy element descriptions, and thus,
the multiobjective decision making developed on the set
theory is extended to fuzzy multiobjective decision making.
In existing multiobjective decision problems, which in turn
increase the di�culty of multiobjective decision problems
[4]. In fuzzy criterion decision making, the development of
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intuitionistic fuzzy sets is more complete and mature, but
because the range of its elemental affiliation and disaffiliation
is the sum of the two is less than or equal to 1 limits the
situation where the uncertainty of both the affiliation and
disaffiliation of the evaluation value under some criterion is
larger and leads to its sum being greater than 1. Reference
[5].'erefore, the research on the selection of green logistics
based on the Pythagorean fuzzy environment done in this
paper has some practical significance.

Chapter 1 describes the current research background of
green logistics selection and the main structure of this paper.
Chapter 2 introduces the current status of domestic and
foreign research in related fields and summarizes the re-
search significance of this paper. Chapter 3 studies the green
logistics in an environment and gives a multiobjective de-
cision based on the priority set operator and Pythagorean
symmetric cross-entropy model. Chapter 4 tests and ana-
lyzes the scheme proposed in this paper. Chapter 5 sum-
marizes the research contents of this paper and gives an
outlook on future research directions.

2. Related Works

Fuzzy set (FS) is a fundamental and widely used concept, and
Zadeh proposed to express the uncertainty and fuzziness of
decision information in terms of the degree of affiliation and
the FS theory developed rapidly [6]. However, it is not
enough to describe uncertainty by affiliation alone, so
Attanassov proposed by expressing the fuzziness and un-
certainty of decision information by using the concepts of
disaffiliation and hesitation simultaneously [7]. Subse-
quently, Gau and Buehrer defined the vague set. After this,
the hesitant fuzzy set (HFS), which allows affiliation to be
expressed in the form of multiple sets of possible values to
express the degree of hesitation of the decision maker in
expressing goal preferences in the decision process, was
proposed [7]. Although fuzzy sets have been developed
extensively, they still cannot solve the case. For example, an
expert expresses his opinion that a solution satisfies a cri-
terion to the extent of 0.8 and does not satisfy it to the extent
of 0.5. 'e situation cannot be solved by intuitionistic fuzzy
sets (because the sum of 0.8 and 0.5 is already greater than
one). 'erefore, which expands the space in which the af-
filiation and disaffiliation degrees in a set should be satisfied,
i.e., [8]. 'e relationship between the Pythagorean affiliation
and complex numbers is also well discussed by Yager and
Abbasov and proved that Pythagorean affiliation is a subset
of complex numbers, called π-i numbers, and proposed the
underlying set operator to set the criterion satisfaction.

Cross entropy is a measure that can determine the dif-
ference of two sets. Bhandari and Pal defined cross entropy in
a fuzzy set bymeans of an affiliation function.'e principle of
maximum cross entropy can be used to select representative
samples from large databases and is used in machine learning
and decision trees [9]. Fan et al. gave a multiobjective and
cross entropy in the Pythagorean environment [10].

'e success of green logistics selection is an important
part of the successful implementation of green pur-
chasing in retail companies, and the selection of suitable

green logistics means that a part of the environmental
impact can be eliminated and thus the environmental
performance can be improved [11]. In 1994, Webb gave
the idea of green purchasing by studying the environ-
mental impact of certain products to advocate the se-
lection of suitable raw materials through environmental
guidelines, while focusing on the recycling of materials by
the concept of green purchasing. 'e National Science
Foundation funded a $400,000 study on “Environmen-
tally Complex Manufacturing”, which was then adopted
as an important research component. At present, the
research on green supply chain has achieved certain
results, but it has not formed a complete systematic
theory, while not many domestic enterprises accept and
advocate the concept of GSCM [12]. Many scholars at
home and abroad have introduced the knowledge of fuzzy
aspects and other theories into the various steps of green
logistics selection.

A series of studies on fuzzy multiobjective green logistics
selection problems in the form of trapezoidal fuzzy numbers
were conducted by Wu Jian et al. Gao et al. introduced
trapezoidal a fuzzy soft set into green logistics multiattribute
group decision making [13]. In the green logistics selection
process, both Wang Dao Ping and Zhou Qinghua et al. used
the entropy value method to improve TOPSIS based on
hierarchical analysis and intuitionistic fuzzy environment,
respectively [14]. Zhou Rongxi et al. increased the dynamics
of the evaluation process by network hierarchical analysis
and a radial basis function neural network model [15]. Hsu
et al. used the selection of indicators in the supply chain
selection process. Büyüközkan G et al. proposed a hybrid
integration of DEMATEL, ANP, and TOPSIS, which can test
GSCM [16]. Tseng et al. used gray correlation analysis to
rank alternative suppliers whose data are represented by
linguistic preferences and the proposed method can solve
the criterion problem in GSCM [17]. Hashemi combined
network analysis process and improved gray correlation
analysis and rank suppliers separately [18]. Mirhedayatian
et al. used network data envelopment analysis to make an
evaluation of GSCM performance, and YijieDou et al. used a
gray process-based network analysis model to explore the
intrinsic relationship between GSCM and supplier perfor-
mance [19, 20]. Banaeian et al. comparatively analyzed
TOPSIS when combining fuzzy sets for green logistics se-
lection. VOKOR and GREmethods [21]. Jian Li used a green
logistics selection problem where the given information is
probabilistic hesitant fuzzy information [22].

'e affiliation space described in the Pythagorean fuzzy
sets is larger compared, which is ideal for expressing fuzzy
information while having stronger applications and more
effective in dealing with uncertainty problems [23]. In the
evaluation of green logistics, the decision information with
fuzzy uncertainty is usually given, and sometimes the weight
of the criterion for judging the candidate green logistics may
not be accurately determined, so the study of such problems
has certain theoretical and practical significance [24].
'erefore, this paper enriches the study of Pythagorean
fuzzy sets theoretically by studying the Pythagorean fuzzy
sets, giving the aggregation operator for fuzzy information
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aggregation from two aspects, and verifying the validity and
rationality of the proposed operator by combining it with
cross-entropy theory [25]. In addition, this paper improves
the existing methods and models for decision selection of
suppliers and provides new ideas and solutions for decision
makers.

3. ProblemofGreenLogisticsOptions inaFuzzy
Environment of Pythagoras

'ere is no unified definition of green logistics. 'e first
proposed man who believed that green logistics can restrain
the environmental pollution.

Green logistics distributes products to customers in the
mode of sea land intermodal transportation. After reaching
an agreement with customers, on the one hand, they co-
operate with production enterprises and logistics carriers
and conduct on-site investigation on the storage, shipment,
and delivery conditions of products in the port warehouse
during the period, so as to ensure the safety of product
storage and the timely and smooth logistics shipment [26].
On the other hand, we can efficiently exchange important
information with customers, such as the receiving port,
transfer place, and receiving point, so as to deliver the
products to customers accurately at the first time. On the
basis of deeply tapping the potential of existing land and
water transportation, they also carefully deduce the key
points of sea land intermodal transportation and various
possible abnormalities in advance and check the potential
hidden dangers of transportation one by one [27]. At the
same time, by strengthening the whole process supervision
and real-time tracking and coordination, we can timely
grasp the situation of products in transit. 'e structure
diagram of various elements of green logistics is shown in
Figure 1.

3.1.�eory andModel. 'e ordinary Pythagorean defined as
single-valued Pythagorean fuzzy sets.

Any Pythagoras fuzzy is expressed as follows:

P � 〈x, μP(x), vP(x)〉x ∈ X . (1)

Satisfying the following constraints:

0≤ μP(x)( 
2

+ vP(x)( 
2 ≤ 1. (2)

'e smaller the value of x, the more information about x
and the more accurate it is; and vice versa.

For simplicity, the elements of the PFS (μP(x), vP(x))

are defined as Pythagorean fuzzy numbers (PFN), which
can be written as c � P(μP, vP), and whose hesitations

also satisfy πy �

��������������

1 − (μP)2 − (vP)2


, μP ∈ [0, 1] , vP ∈ [0, 1],

0≤ (μP)2 + (vP)2 ≤ 1.
c1 � P(μP1, vP1) and c2 � P(μP2

, vP2) are two PFNs; a
proposed ordering between them is defined as follows.

c1 ≥ c2.μP1 ≥ μP2, vP1 ≤ vP2. (3)

c � P(μP, vP) is a PFS.

SZhang(c) � μP( 
2

− vP( 
2
. (4)

SZhang(λ) ∈ [− 1, 1], SZhang(λ) 'e larger the PFN, the
larger the corresponding PFN.

SYan
(c) �

μP( 
2

− ]P( 
2

+ 1
2

. (5)

A more practical tool by Hwan based on distance
measure for ranking or selecting the optimal solution, which
is widely used in multiobjective decision making; Dulti-
criteria Zhang and Xu extended TOPSIS to PFS and defined
the concept of score function and distance based on PFN.
Functions in (4) and (5) are used to determine is defined as
x+ and has the following form.

x
+

� Cj,maxi < s Cj xi(  〉|j � 1, 2, . . . , n . (6)

In practical multiobjective decision problems, there is
not necessity. 'at is, x+ is not a feasible solution and does
not satisfy x+ ∈ X . On the contrary, x+ is the optimal
solution in the multiobjective decision problem. However,
the shortest distance between the solution and x+ does not
guarantee that x+ has the maximum distance. We define
the Pythagorean fuzzy NIS as x− , which is expressed as
follows:

x
−

� Cj,mini < s Cj xi(  〉jj � 1, 2, . . . , n . (7)

Likewise, usually in a real multiobjective decision
problem, there is not necessarily x− ; in other words, x− may
be a non-feasible solution, i.e., x− ∈ X . Otherwise, x− is the
worst solution in the multiobjective decision problem and
should be eliminated first in the decision process.

X � x1, x2, . . . , xn  be a finite theoretical domain,
A, B ∈ X , then the cross entropy of A with respect to B is as
follows:

I(A,B) � 
n

i�1
μA xi( ln

μA xi( 

μB xi( 
+ 1 − μA xi( ( ln

1 − μA xi( 

1 − μB xi( 
 .

(8)

3.2. Description of Decision-Making Methods. In this sec-
tion, the uncertainty caused by the use of the Euclidean
distance in distance measurement is eliminated by in-
troducing Pythagorean fuzzy symmetric cross entropy to
determine the “distance” between two PFNs, and the
uncertainty information can be retained to the maximum
extent [28].

A multiobjective decision is the estimated value of
each solution under each criterion, respectively. Now,
consider a multiobjective decision problem in a Py-
thagorean, satisfying 0≤wj ≤ 1 and 

n
j�1 wj � 1 . Now, we

define the estimate of the solution xi under the criterion
Cj(j � 1, 2, . . . , n) as Cj(xi) � (uij, vij). So, the multi-
objective decision problem whose elements are PFNs has
the following matrix form:
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R� Cj xi( )( )
m×n�

x1 u11,v11( ) u12,v12( ) · · · u1n,v1n( )
x2 u21,v21( ) u22,v22( ) · · · u2n,v2n( )
⋮ ⋮ ⋮ ⋮ ⋮

xm um1,vm1( ) um2,vm2( ) · · · umn,vmn( )

.

(9)

Each element of the matrix Cj(xi) � P(uij, vij) is a PFN,
uij indicates the value of the solution xi vij indicates the
value of the solution xi not satisfying the criterion. Cj

To e�ciently decide on problems containing PFNs, this
section proposes a cross-entropy and TOPSIS based method
in a Pythagorean fuzzy environment, and the speci�c steps
are as follows:

(1) Standardized Decision matrix
First, the decision information Cj(xi) in the decision
matrix Rmust be normalized. For a multiobjective of
PFN, the decision matrix R � (Cj(xi))n×n , with
elements of Cj(xi), the evaluated values of the so-
lution xi ∈ X under the criterion Cj ∈ C , is created
�rst.

Cj xi( ) �
Ĉj xi( ), Cj ∈ B,

Ĉj xi( )C, Cj ∈ C,


 (10)

�e criterion in set B is bene�t-based; the criterion in
set C is cost-based, and Cj(xi)

c is the complement of
Cj(xi) . �e standardized matrix is R � (Cj(xi))n×n .

(2) Calculate x+ and x−

x+ � C1 x
+( ), C2 x

+( ), . . . , Cn x
+( )( ),

x− � C1 x
−( ), C2 x

−( ), . . . , Cn x
−( )( ).

(11)

(3) Calculate the cross entropy between the schemes xi
and x+, x−

�e cross entropy between the i-th solution xi and
the Pythagorean fuzzy are calculated respectively,
and the cross entropy between xi and x+, x− are used
to replace the distances between xi and x+, x− ,
respectively.

(4) Calculate the relative closeness of the scheme xi
�eprinciple and is denoted as ζ(xi)(i � 1, 2, . . . ,m)
, which is calculated as follows.

ζ xi( ) �
D xi, x

−( )
Dmax xi, x

−( )
−

D xi, x
+( )

Dmin xi, x
+( )
. (12)

Among them

Dmax xi, x
−( ) � max1≤i≤mD xi, x

−( ),
Dmin xi, x

+( ) � min1≤i≤mD xi, x
+( ).

(13)

(5) Determine the optimal solution.
�e larger the solution ζ(xi), the better the solution
and vice versa. �e optimal solution is determined
based on the optimal order of all solutions.

3.3. Multiobjective Decision Problem Based on a Pythagorean
Fuzzy Priority Set Operator. When dealing with multiple
targets, it is more appropriate to use a Pareto optimal
frontier. Similarly, assuming two objective functions, for
solution a, no other solution can be found in the variable
space to be better than solution a (note that both objective
function values must be better than the function values
corresponding to a), then solution a is the Pareto optimal
solution.

In the previous section, the weights of the criteria are
given together by the experts based on their existing ex-
perience, but in fact there may be a priority relationship
between the criteria and the weight vector that cannot be
given directly. �e priority scores and the priority ag-
gregation operator proposed by Yager take into account
the situation when there is a priority relation between
criteria, and this section gives the Pythagorean fuzzy
priority aggregation operator based on the operator
proposed by Yager in the Pythagorean fuzzy environment.
�is prioritization operator in the Pythagorean fuzzy
environment proves the basic properties it satis�es, and
then gives a multiobjective decision model and an example
to solve the green logistics the feasibility and stability of the
model.

Material by-Product
Recycling

Material by-Product
Recycling

Material by-Product
Recycling

Material by-Product
Recycling

Green Supply

Reuse

Green Production Green Distribution Green Consumption

Green Logistics

Recycle, Process and Recycle

Figure 1: Structure diagram of all elements of green logistics.
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'e priority fraction and the priority set operator were
first proposed by Yager and are related as follows:

C � C1, C2, . . . , Cn  is assumed that the criteria have a
priority relationship with each other: C1 >C2 > · · · >Cn,
indicating that when i< k, Ci has a greater priority rela-
tionship than Ck. Assume that for any scheme
x ∈ X, Ci(x) ∈ [0, 1] shows the satisfaction of scheme x
under this criterion Ci. 'erefore, the prioritized aggrega-
tion operator is defined as follows:

PA Ci(x)(  � 
n

i�0
WiCi(x), (14)

where Wi � Ti/
n
i�1 Ti , provides T1 � 1 , when i> 1 , Tj �


j− 1
j�1 Ck(x) . 'e ratio Ti/

n
i�1 Ti represents the degree of

priority among all programs.
'e operator is proposed in this section between the

criteria, i.e., their ratio in the operator, rather than being given
subjectively by the decision maker. Both the set of options X
and the set of criteria C are defined as in the previous section,
and the preference relation between criteria is assumed to be:
C1 >C2 > · · · >Cn, which shows that the criteria Ci have a
higher preference relation than the criteria when Cki< k . 'e
estimated value of the scheme xi under the criterion Cj is
Cj(xi) � (uij, vij). Assume that R � (Cj(xi))n×n is a Py-
thagorean. After x+x− x+ � (1, 0), x− � (0, 1), the evaluation
value of each solution under all criteria is assembled using the
PFPWA operator or PFPWG operator, the degree of differ-
ence between all feasible solutions is calculated based on the
Pythagorean fuzzy symmetric cross-entropy measure. More-
over, the specific decision steps are as follows:

(1) Standardized decision matrix
(2) Calculation of aggregation value

Calculate the value of the solution xi after aggre-
gation, i.e., PFPWA operator and PFPWG operator
aggregation value.

(3) Determine DPFS(A, B) and ζ(xi)

Calculate the Pythagorean fuzzy symmetric cross
entropy.

(4) Determine the scheme
ζ(xi) 'e larger the value, the better the solution and
vice versa. 'e best solution is selected based on the
ranking value.

4. Experimental Results and Analysis

'e models and methods are based on engineering fuzzy
set theory. At the same time, it is also an expansion of
engineering fuzzy set theory in theory and application and
has a good operability and certain practical application
value. Considering the characteristics of a large amount of
fuzzy information in fuzzy optimization, fuzzy pattern
recognition, and fuzzy clustering. 'ese models have
broader requirements for feature information. 'e ap-
plication scope of the model is wider, which expands the
application of engineering. Special fuzzy number and
approximate fuzzy distance, a fuzzy clustering cyclic

iterative model with an unknown weight, and a clustering
center matrix are derived.

'e selection of criteria in previous literature varies,
and is how to make a choice decision given fuzzy decision
information, so in this green logistics selection calculation
example, referring to the green criteria in existing litera-
ture, this paper decides to select the big green criteria as
green image, green supply chain management, eco-design,
and innovation capability. Multiobjective decision making
is the theory and method of scientific and reasonable se-
lection of multiple conflicting objectives and then making
decisions.

'e example in this paper is a green logistics selection
problem. 'ere are five green logistics X � x1, x2,

x3, x4, x5}, 6, and the six selected criteria represent product
quality, service capability, green image, green supply chain
management, eco-design, and innovation capability, in or-
der to select the optimal green logistics. Figures 2 and 3 are
its Pythagorean fuzzy decision diagrams, each element in the
diagram represents the supplier under the corresponding
criterion, which is expressed in the form of PFN; for ex-
ample, the first element 0.2 in Figure 2 means the degree of
satisfaction of the first green logistics under the first criterion
product quality is 0.2, and the first element 0.5 in Figure 3
means the degree of dissatisfaction of the first green logistics
under the first criterion product quality.'e first element 0.5
in Figure 3 indicates that the first green logistics does not
satisfy the first criterion product quality to the extent of 0.5,
and so on.'eweight vector relative to the decisionmatrix is
W � (0.20, 0.10, 0.30, 0.15, 0.15, 0.10)T .

'e cross entropy between supplier xi and x+ and x− ,
respectively, and the relative closeness of supplier to xiζ(xi)

are calculated and the results are shown in Figure 4.
From Figure 4, we can see that the ranking of the four

suppliers is as follows:

x3 >x2 >x1 > x5 >x4. (15)

Figure 5 shows the calculated in this paper ordered
number pairs are the cross entropy of each solution with
positive and negative ideal solutions, respectively, with the
TOPSIS method, the optimal supplier is the same, which is
x3 , while the ranking of the other solutions deviates, but the
consistency of the results of the two cross-entropy formulas
for the optimal and the worst solutions verifies their stability
and feasibility. 'e cross entropy is a more appropriate
measure of uncertain and discontinuous information, taking
into account the ambiguity of information in the evaluation
process and eliminating the uncertainty caused by the Eu-
clidean distance.

'e optimal supplier is selected based on the proposed
PFPWA operator, PFPWG operator, and Pythagorean fuzzy
symmetric cross-entropy measure. It is calculated that the
PFPWA set values for each supplier xi are as follows:

x1 � < 0.3037, 0.5679> , x2 � < 0.5407, 0.5257> ,

x3 � < 0.5826, 0.4335> ,

x4 � < 0.4833, 0.6504> , x5 � < 0.5662, 0.7001> .

(16)
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�e cross-entropyDPFN and relative closeness ζ(xi)were
calculated for each supplier xi and x+ � 〈1, 0〉 and
x− � 〈0, 1〉.

In Figure 6, the calculation process of the PFPWG
operator is similar to that of the PFPWA operator, and the

aggregation value of each solution is calculated according to
the formula of the PFPWG operator. �e cross-entropy
DPFN and relative closeness ζ(xi) are calculated for each
supplier xi and x+ � 〈1, 0〉, x− � 〈0, 1〉 , respectively, and
the results are shown in Figure 7. �e ranking results are
consistent with those of the PFPWA operator. �erefore, x3
is the optimal supplier.

In this paper, three di�erent methods are used to
compare and analyze the same case, and the �nal calculation
results of all methods are shown in Figure 8, given the
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criterion. From the comparison results in Figure 8, i.e., the
PFPWA operator and the PFPWG operator are almost
identical after the decision information is aggregated and
then measured by the two cross-entropy formulas for the
di�erences. �erefore, the stability and feasibility of the
method proposed in this paper are veri�ed.

5. Conclusion

�is paper introduces the Pythagorean fuzzy set into the
selection of green logistics and focuses on the selection of
green logistics in the Pythagorean fuzzy environment. �e
objective model based on TOPSIS and cross entropy, Py-
thagorean fuzzy priority set operator, and cross entropy is
established, which is applied to the case analysis of green
logistics selection. Compared with other methods based on
the same sample in the literature, the e�ectiveness of the
model is veri�ed. �e comparison between the proposed
operator and other calculation methods of the same green
logistics selection algorithm proves the e�ectiveness of the
proposed operator. It is more convenient to use fuzzy de-
cision-making when evaluating schemes. �ese schemes not
only include quantitative data but also consider more and
more uncertain evaluation information. �e application of
sets solves the problem that cannot be solve.

�e shortcomings of this paper and the directions that
can be further studied on the basis of this paper include the
following: �rst, in the future research, in addition to con-
sidering the preference relationship between standards,
according to the priority, the proposed priority aggregation
operator is extended from a single expert to solve the
multiobjective group decision-making problem. Second, the
calculation results with those, the model algorithm in this
paper is analyzed to verify its e�ectiveness and rationality in
future Pythagorean fuzzy environment. �ird, the existing
multiobjective generally does not have many criteria in the
selection of criteria. We can increase the number of criteria
and ensure the stability of the decision-making model, so as
to improve the practicability of the Pythagorean fuzzy set in
green logistics selection.

Data Availability

�e data used to support the �ndings of this study are
available from the corresponding author upon request.

Conflicts of Interest

�e authors declare that they have no con�icts of interest.

Acknowledgments

�is work was supported by Key project of Humanities and
Social Sciences of Higher Education Department of Anhui
Province: Study on “green-lean” coordinated development
and e�ciency improvement of logistics industry cluster in
Yangtze River Delta (No. SK2020A0830); and Domestic
Visiting and Study Program for outstanding Young Back-
bone Talents of Colleges and universities of Anhui Provincial
Department of Education (No. gxgnfx2021053).

References

[1] Z. R. Muhammad, S. Imran, R. Ali, J. Fahd, I. Aiyared, and
E. Rak, “Multicriteria decision-making approach for py-
thagorean fuzzy hypersoft sets’ interaction aggregation op-
erators,” Mathematical Problems in Engineering, vol. 2021,
Article ID 9964492, 17 pages, 2021.

[2] L. Meng, X. Wei, and G. Marek, “Research on evaluation of
sustainable development of new urbanization from the per-
spective of urban agglomeration under the pythagorean fuzzy
sets,” Discrete Dynamics in Nature and Society, vol. 2021,
Article ID 2445025, 11 pages, 2021.

[3] Y. Zhou, C. Zheng, andM. Goh, “statistics-based approach for
large-scale group decision-making under incomplete Py-
thagorean fuzzy information with risk attitude,” Knowledge-
Based Systems, vol. 235, 2022.

[4] S. Imran, Z. R. Muhammad, R. Ali et al., “a Decision-making
approach based on score matrix for pythagorean fuzzy soft
set,” Computational Intelligence and Neuroscience, vol. 2021,
Article ID 5447422, 16 pages, 2021.

[5] K. A. Amal and D. S. Davood, “Some properties of rough
pythagorean fuzzy sets,” Fuzzy Information and Engineering,
vol. 13, no. 4, 2021.

[6] H. U. Jun, W. U. Junmin, W. U. Jie, and M. Ferrara, “TOPSIS
hybrid multiattribute group decision-making based on in-
terval pythagorean fuzzy numbers,” Mathematical Problems
in Engineering, vol. 2021, Article ID 5735272, 8 pages, 2021.

[7] P. Amenta, A. Lucadamo, and G.Marcarelli, “On the choice of
weights for aggregating judgments in non-negotiable AHP
group decision making,” European Journal of Operational
Research, vol. 228, no. 1, pp. 294–301, 2021.

[8] G. B. Chandra, M. M. Uddin, and P. Biswas, “Pythagorean
fuzzy DEMATEL method for supplier selection in sustainable
supply chain management,” Expert Systems with Applications,
vol. 193, 2022.

[9] S. Y. Chen, Y. Yang, S. N. Qi et al., “Validation of nomogram-
revised risk index and comparison with other models for
extranodal nasal-type NK/T-cell lymphoma in the modern
chemotherapy era: indication for prognostication and clinical
decision-making,” Leukemia, vol. 35, no. 1, pp. 130–142, 2021.

[10] A. Tehreem, A. Hussain, J. R. Sajjad, M. S. Ali Khan, and
D. Y. Shin, “Analysis of social networks by using pythagorean
cubic fuzzy einstein weighted geometric aggregation

-4

-3

-2

-1

0

1

2

TOPSIS
PFWA
PFWG

The cross entropy 1
The cross entropy 2

Figure 8: Comparison of the calculation results of di�erent
schemes.

Mathematical Problems in Engineering 7



operators,” Journal of Mathematics, vol. 2021, Article ID
5516869, 18 pages, 2021.

[11] T. K. Paul, M. Pal, and C. Jana, “Multi-attribute decision
making method using advanced Pythagorean fuzzy weighted
geometric operator and their applications for real estate
company selection,” Heliyon, vol. 7, no. 6, p. e07340, 2021.

[12] M. S. Majid, E. J. Abdolhamid, and H. Mahmoud, “Failure
Mode and Effect Analysis using an integrated approach of
clustering and MCDM under pythagorean fuzzy environ-
ment,” Journal of Loss Prevention in the Process Industries,
vol. 72, 2021.

[13] J. Wu, “A new ranking method of trapezoidal fuzzy number
complementary judgment matrix,” Chinese Management
Science, vol. 3, pp. 95–100, 2010.

[14] D. Wang and Xu Wang, “A study on the weighting of green
supplier selection indexes for steel enterprises based on AHP/
entropy value method,” Soft Science, vol. 8, pp. 117–122, 2010.

[15] R. Zhou, X. Ma, and S. Li, “Green supplier selection in
chemical industry based on ANP-RBF neural network[J],”
Operations Research and Management, vol. 1, pp. 212–219,
2012.

[16] C.-W. Hsu, T.-C. Kuo, S.-H. Chen, and A. H. Hu, “Using
DEMATEL to develop a carbon management model of
supplier selection in green supply chain management,”
Journal of Cleaner Production, vol. 56, pp. 164–172, 2013.
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