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Abstract In the context of the increasingly competitive

post-epidemic social marketing era, the sustainable devel-

opment of supply chain finance is also facing the impact of

more complex risk factors. However, the issue concerning

how to scientifically and reasonably select the appropriate

applicant company for financing cooperation on the basis

of risk evaluation remains unresolved. For the smooth

operation of banks’ sustainable supply chain finance

(SSCF) business, this paper aims to develop a novel multi-

attribute group decision-making (MAGDM) method con-

sidering the robustness and comprehensiveness among risk

attributes and decision-makers (DMs). First, based on the

idea that quantitative assessment values and qualitative

linguistic sets can more accurately express uncertain risk

information and importance degree of indicators, a novel

concept is proposed that combines the probabilistic lin-

guistic term set (PLTS) with the plithogenic set to evaluate

the risk attributes of each alternative. Additionally, risk

decision matrices evaluated by DMs are integrated and

transformed through the operation of PLTS scoring func-

tion aggregation operators and the plithogenic

contradiction degree. For deriving the integrated weight

information of attributes, the objective attribute weights are

determined on the basis of the subjective weights by

adjusting coefficients. Then, the ranking order of alterna-

tives is generated by applying the VIKOR method and

constructing a MAGDM model with plithogenic PLTSs.

Finally, the solving of a practical example concerning the

selection of financing objects for SSCF oriented by risk

evaluation verifies the effectiveness of the proposed model,

where five risk indicators are developed, and the superi-

ority of our studies is demonstrated by comparing with the

existing TOPSIS and ELECTRE methods.

Keywords Multiple-attribute group decision-making �
VIKOR method � Plithogenic probabilistic linguistic term

set � Sustainable supply chain finance � Risk evaluation

1 Introduction

Since the outbreak of COVID-19 in 2020, the development

of supply chain finance (SCF) business of commercial

banks has been subjected to multiple tests by internal and

external risk factors such as increased regulatory require-

ments, declining financial asset quality, and complex and

severe operating environment [1, 2]. To cope with

increasingly fierce competition and mitigate the pan-

demic’s adverse effects on the inherent profit model, it is

necessary for banks to actively cooperate with financing

companies to accelerate the adaptation to the new SCF

development model with the goal of sustainability. On the

one hand, SSCF can assist banks in developing effective

capital flows throughout the supply chain, improve the

performance of suppliers or retailers, and establish a

stable business development framework based on the triple
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bottom line (TBL) (economic, social and environmental)

[3]. On the other hand, the evaluation of the risk that can

represent the uncertainty of possible losses due to the dif-

ference between the actuality and the expectation is also

essential to promoting the smooth operation of SSCF

business [4, 5]. How to opt for the most appropriate

company for financing cooperation from a series of alter-

natives and risk attributes under the premise of minimum

risk is a key aspect for banks to develop SSCF services,

where such a problem can also be regarded as a multi-

attribute decision-making (MADM) problem. MADM

attempts to use reasonable mathematical logic methods to

analyze and process various linguistic information col-

lected through the assessment of DMs [6]. However, the

diversity of risk evaluation problems and the complexity of

the linguistic environment analyzed make a single DM

inadequate to deal with the challenges in all situations. For

that reason, many decision-making processes are taken

place in the form of multiple-attribute group decision-

making (MAGDM), which is a mainstream research

direction and has aroused the interest of many scholars

[7, 8].

With the continuous development of objective things,

the vagueness and uncertainty of decision information in

external environment are increasing. It is difficult to fully

and truly express the DMs’ cognition preference of

objective things with precise numbers only. Consequently,

a series of powerful mathematical tools are continuing to

spring up to facilitate solving such problems. After Zadeh

[9] innovatively proposed the fuzzy set (FS) theory, some

extended methods such as interval-valued fuzzy set (IVFS)

[10], intuitionistic fuzzy set (IFS) [11] have been thor-

oughly explored and successfully applied to MAGDM

problems. However, those tools, which incorporate mem-

bership degree, non-membership, or a combination of both,

are unable to deal with indeterminate information in

specific practical situation. To deal with this problem, the

concept of the neutrosophic set (NS) was introduced by

Smarandache [12], which studies the origin and the nature

of entities, as well as their interaction with different

intellectual visions, extending the above sets from a

philosophical point of view. Later on, plithogenic set is

developed on the basis of neutrosophic set with a high level

of uncertainty and vagueness, which is of great significance

for improving the evaluation accuracy of the DMs’ sub-

jective judgments and has been comprehensively applied in

numerous domains [13–16]. Although these membership-

based theories can express uncertain information in detail,

they can only be applied to express the quantitative infor-

mation about evaluating objects, and lack qualitative con-

siderations for the parts that are difficult to be quantified in

practical decision-making problems. In this case, DMs may

prefer to use qualitative language terms (LT) such as

‘‘good, medium, bad’’ that are more common in daily life

rather than quantitative values to express their preference

for evaluation information [17, 18]. Therefore, on the basis

of the fuzzy linguistic variables (LVs) proposed by Zadeh

[19], a large number of linguistic evaluation models are

continuously emerging in the decision-making field

[20–22].

However, due to the complexity of the decision-making

environment and the inherent hesitation characteristics of

DMs, scholars have gradually realized that it is difficult to

express the DMs’ overall cognitive preference towards

attributes by using a single linguistic term. To tackle this

problem, Rodriguez et al. [23] proposed the concept of

hesitant fuzzy linguistic term set (HFLTS) on the basis of

hesitant fuzzy set (HFS) [24] to help DMs express prefer-

ence information of multiple linguistic terms with the same

importance degree. Although with good ability to express

DMs’ hesitation, HFLTS ignores the importance weights of

different linguistic terms that often exist in actual situa-

tions, that is, the probability distribution cannot be con-

sidered, which may lead to information confusion and loss.

In order to accurately describe this kind of complicated

linguistic information relationship, Pang et al. [25] exten-

ded the HFLTS to a more general concept, named proba-

bilistic linguistic term set (PLTS). PLTS can not only

enable DMs to express their complex preference informa-

tion for decision objects as a collection of the importance

degree of several possible linguistic terms combined with

corresponding probabilistic information, but also reduce

the loss of original information caused by the application of

single linguistic terms in traditional HFLTS evaluation.

The accuracy of decision-making has also been greatly

improved. Many achievements have been made in PLTS

research from different perspectives, such as the operation

laws for PLTSs [26, 27], the application of combining with

the MAGDM method [28], the improvement of PLTS [29],

etc. Wu et al. [30] and Wei et al. [31] have also studied the

distance measures and similarity characteristics of PLTS.

Considering the respective advantages of plithogenic set

and PLTS in processing quantitative and qualitative lin-

guistic assessment information, it is necessary to combine

them to investigate the risk evaluation problem of SSCF,

which is just the research motivation of this paper.

Plithogenic PLTSs have the flexibility and richness in

expressing complex, fuzzy and uncertain decision infor-

mation. Especially, it is inevitable to bear more responsi-

bilities and face great complexity when coming up with

decisions in the presence of uncertain weight information.

Hence, the determination of attribute weights also plays a

vital role in the process of MAGDM, which has been

extensively studied under different circumstances. From an

objective point of view, Zhang et al. [32] established two

optimization models to derive the weights of attributes with
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partially known or completely unknown PLTS information.

Lu et al. [33] expanded the range of applications of the

traditional entropy-weighted method to determine the

weight by defining the probability linguistic score function.

In addition, subjective, objective weight decision methods

and their integration have also been applied to the

expression of uncertain weight information in various

complex environments, so as to make the decision results

more accurate and convincing [34–38].

In all the studies devoted to rational MAGDM in recent

years, the selection of the classical ranking approach as

well as the analysis of the corresponding process is

incontrovertibly one of the most attractive core research

points and a lot of achievements have been made, including

TOPSIS [39], VIKOR [40, 41], MABAC [42], etc. Among

them, VIKOR method, based on the concept of aggregating

function representing ‘‘closeness to the ideal’’ [43], is of

great benefit to the analysis, comparing and rankings of the

alternatives that applied in kinds of MAGDM problems

[44–46]. This method can not only effectively consider the

subjective preferences of DMs, but also determine the

compromise solution of problems with conflicting attri-

butes, which is an effective supplement to the decision-

making strategy under uncertainty. Although many schol-

ars have extended the VIKOR method based on the idea of

uncertainty, few of which take plithogenic PLTS into

consideration that characterized by indeterminacy or

probabilistic information. On the basis of defining a new

score function that considers the degree of concentration,

Lin et al. [47] introduced the VIKOR method combined

with ScoreC-PLTS to solve the problem of traditional

model that only considers limited expectation value. Li

et al. [48] developed an integrated VIKOR-QUALIFLEX

method to measure the concordance index of each ranking

combination, where the subjective and objective weights of

attributes are both concerned based on the trapezoid fuzzy

two-dimensional linguistic variable information. There are

also some scholars that apply VIKOR to express plitho-

genic [14, 49] or probabilistic double hierarchy linguistic

term set (PDHLTS) [50] decision information.

1.1 Motivation

In summary, although PLTSs and plithogenic sets have

unique superiority in the expression of uncertain informa-

tion, they still suffer from some limitations, which can be

generalized from the following aspects: (1) Studies [32, 51]

merely rely on plithogenic numerical or probabilistic lin-

guistic information as an information aggregation tool for

expressing DMs’ uncertain evaluation opinions, whereas

there has not been any research on combining these two

kinds of evaluation terms to solve MADM or MAGDM

problems; (2) Little research focuses on the weighting for

attributes based on a combination of subjective and

objective weights with plithogenic linguistic and PLTSs,

that is considering objective evaluation information about

decision opinions as well as the subjective preferences of

DMs; (3) The choice of an accurate solution [52] or a

compromise solution [53] affects the complexity and

applicability of the decision-making model. Hence, how to

develop an effective optimal solution determination

method is crucial for dealing with MAGDM problems; (4)

The validity of PLTS or plithogenic linguistic information

has been verified in many practical problems [6, 54], but its

research and application in SSCF risk evaluation has not

attracted enough attention from experts and scholars, who

lacks a comprehensive and systematic analysis of research

model.

1.2 Objective

To fill the research gap and overcome the above-stated

limitations, in this paper, we propose a model to solve

SSCF risk evaluation problem in the new environment of

plithogenic PLTSs. First, on the basis of the defined PLTS

score function and plithogenic related calculations, a de-

neutrosophic process is carried out to integrate a compre-

hensive matrix of plithogenic probability linguistic infor-

mation that gathers DMs’ evaluation opinions on each risk

attribute. In addition, attributes’ weights are determined by

the consistent degree and adjustment coefficient of inte-

grating subjective weights with objective elements. Based

on the comprehensive plithogenic PLTS evaluation matrix,

VIKOR method, is proposed to process SSCF risk problem

with plithogenic probabilistic linguistic information. To the

best of our knowledge, this is the first work that proposes

the VIKOR with the plithogenic PLTS.

1.3 Novelty

The contribution and innovation of this paper mainly lie in

the expansion of the depth of understanding in the field of

SSCF risk research under uncertain environment and can

be summarized as follows:

(1) By integrating the PLTSs score function and related

operations of the plithohenic environment to the

MAGDM problem, the accuracy of the DMs’

evaluation when faced with uncertain information

is improved, and unnecessary information loss is

avoided;

(2) For deriving the integrated weights information of

risk attributes under plithogenic PLTS, the idea of

adjusted coefficients is applied on the basis of

subjective weights of attributes to determine the

objective attribute weights;
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(3) The probabilistic linguistic VIKOR method is pro-

posed to solve the probabilistic linguistic MAGDM

problems with incomplete weight information, in

which the compromise solutions are sorted according

to the approaching degree of group utility and

individual regret to the ideal solutions;

(4) The case study solves the problem for banks of how

to select financing partners with sustainability

orientation and risk minimization as the goal in the

SCF business;

(5) Based on the plithogenic environment and weight-

determining method with PLTS information, two

representative MAGDM methods, TOPSIS and

ELECTRE, are applied for comparative analysis

with VIKOR to verify the effectiveness of the

proposed model.

The remainder of this paper is introduced as follows.

Basic definitions and knowledge about the PLTSs, plitho-

genic set and related operations are briefly reviewed in

Sect. 2. In Sect. 3, a risk evaluation model is constructed in

detail under plithogenic PLTS with incomplete weight

information where the adjusted coefficient is defined to

derive attributes’ weights and the VIKOR method is

introduced for MAGDM problems to determine the ranking

orders of alternatives. Section 4 shows the superiority and

feasibility of the proposed model by given a practical case

study on pharmaceutical industry risk evaluation, and then

a comparative analysis is conducted between the proposed

model with the existing TOPSIS and ELECTRE methods

in the form of plithogenic PLTSs. Finally, some valuable

conclusions, limitations of the paper as well as the direc-

tion of future studies are given in Sect. 5.

2 Preliminaries

In this section, we will explore a series of concepts and

operations related to LTSs, PLTSs and Plithogenic set.

2.1 Linguistic Term Set (LTS)

Definition 1 [55] Let S ¼ fSaja ¼ �s; . . .;�1; 0; 1; . . .sg
be a finite and totally ordered discrete linguistic term set,

where Sa represents a possible value for a linguistic vari-

able and the value of s is positive integer. The lower limit

and upper limit of the term set S are represented by S�s and

Ss respectively, S0 expresses an evaluation of ‘‘indiffer-

ence,’’ and the rest of which are placed symmetrically

around it. For any linguistic term Sa, Sb 2 S, the set order is

Sa [ Sb if and only if a[ b.

Definition 2 [35] Through the transformation functions g

and g�1, the equivalent information relationship between

the language term Sa and the membership degree c is

expressed by:

g Sað Þ ¼ aþ s
2s

¼ c; g�1 cð Þ ¼ S 2c�1ð Þs ¼ Sa; ð1Þ

where c 2 ½0; 1�, g : �s; s½ � ! 0; 1½ � and

g�1 : 0; 1½ � ! �s; s½ �.

2.2 Probabilistic Linguistic Term Set (PLTS)

Definition 3 [56] Let S ¼ fS�s; . . .; S0; S1; . . .; Ssg be a

linguistic term set, then probabilistic linguistic term set

(PLTS) can be defined as:

L pð Þ ¼ L kð Þ p kð Þ
� �

jL kð Þ 2 S; p kð Þ � 0; k ¼ 1; 2; . . .;#L pð Þ;
X#L pð Þ

k¼1

p kð Þ � 1

( )
;

ð2Þ

where L kð Þðp kð Þ) represents the linguistic term L kð Þ associ-

ated with the probability p kð Þ;#L pð Þ denotes the number of

different linguistic terms contained in L pð Þ. If

0\
P#L pð Þ

k¼1

p kð Þ � 1, then we have complete information or

partial unknown evaluation information of the probabilistic

distribution of all possible linguistic terms.

Definition 4 [56] For a given a probabilistic linguistic

term set L pð Þ when
P#L pð Þ

k¼1

p kð Þ\1, normalize it so that the

sum of probability is 1, and we can obtain the normalized

PLTS _L pð Þ:

_L pð Þ ¼ fL kð Þ _p kð Þ
� �

jk ¼ 1; 2; . . .;#L pð Þg; ð3Þ

where _p kð Þ ¼ p kð Þ=
P#L pð Þ

k¼1

p kð Þ;
P#L pð Þ

k¼1

_p kð Þ ¼ 1

k ¼ 1; 2; . . .;#L pð Þð Þ.

Definition 5 [56] Let L1 pð Þ ¼ fLðk1Þ1 ðpðk1Þ1 Þjk ¼ 1; 2; . . .;

#L1 pð Þg and L2 pð Þ ¼ fLðk2Þ2 ðpðk2Þ2 Þjk ¼ 1; 2; . . .;#L2 pð Þg
be two PLTSs, the numbers of linguistic terms contained in

L1 pð Þ and L2 pð Þ are represented by #L1 pð Þ and #L2 pð Þ
respectively, and their values are not the same. If

#L1 pð Þ[#L2 pð Þ, then we will add #L1 pð Þ �#L2 pð Þ
linguistic terms to L2 pð Þ, so that the two PLTSs contain the

same number of linguistic terms. The added linguistic

terms #L1 pð Þ �#L2 pð Þ are the smallest ones in L2 pð Þ and
the probabilities are zero for all linguistic terms. At this

time, the probabilistic language term set L pð Þ is trans-

formed into a normalized PLTS: ~L pð Þ ¼ f ~L kð Þð~p kð ÞÞj
k ¼ 1; 2. . .;# ~L pð Þg, and the resultant matrix is called the

normalized probabilistic linguistic decision matrix ~U.
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Definition 6 [57] Let ~L1 pð Þ ¼ ~L
ðk1Þ
1 ~p

ðk1Þ
1

� �
jk ¼ 1; 2;

n

. . .;# ~L1 pð Þg and ~L2 pð Þ ¼ ~L
k2ð Þ
2 ~p

k2ð Þ
2

� �
jk ¼ 1; 2; . . .;

n

# ~L2 pð Þg be two normalized PLTSs. Then, the general

formula for measuring the distance between them can be

expressed as:

d ~L1 pð Þ; ~L2 pð Þ
� �

¼
X# ~L1 pð Þ

i¼1

X# ~L2 pð Þ

j¼1

~p
ið Þ
1 � ~p

jð Þ
2

� �
g ~L

ið Þ
1

� �
� g ~L

jð Þ
2

� ����
���

� �b

0
@

1
A

1
b

:

ð4Þ

Among them, when b = 1, the Hamming distance can be

obtained, and when b = 2, it is converted into the

Euclidean distance measure.

From this, the Hamming distance between the normal-

ized probabilistic linguistic decision matrix ~U1 ¼

~L1ij pð Þ
� �

m�n
and ~U2 ¼ ~L2ij pð Þ

� �
m�n

can be represented as

follows:

d ~U1; ~U2

� �
¼ 1

m

Xm
q¼1

d ~L1q pð Þ; ~L2q pð Þ
� �

: ð5Þ

Definition 7 [25] Let L Pð Þ be the PLTS on S;r kð Þ be the

subscript of linguistic term L kð Þ: Then, the mean and vari-

ance of L Pð Þ are Sa and d L Pð Þð Þ respectively, shown as:

Sa ¼
P#L Pð Þ

k¼1 r kð Þp kð Þ
P#L Pð Þ

k¼1 p kð Þ
; ð6Þ

d L Pð Þð Þ ¼
X#L Pð Þ

K¼1

p kð Þ r kð Þ � a
� �� �2

=
X#L Pð Þ

K¼1

p kð Þ: ð7Þ

Definition 8 [58] Let L Pð Þ be the PLTS on S; r kð Þ be the

subscript of linguistic term L kð Þ: Then, the score function

SF L Pð Þð Þ of L Pð Þ can be defined as follows:

SF L Pð Þð Þ ¼ a� d L Pð Þð Þ
d Sð Þ ¼ a�

12
P#L Pð Þ

K¼1

P Kð Þ r kð Þ � a
� �� �2

s sþ 2ð Þ
P#L Pð Þ

K¼1

P Kð Þ

:

ð8Þ

2.3 Plithogenic Set and Plithogenic PLTS

Definition 9 [13, 59] Plithogenic set ðp; a;V ; d; cÞ; as an
extension of crisp set, fuzzy set, intuitionistic fuzzy set, and

neutrosophic set, is a set characterized by one or more

attributes A ¼ fa1; a2; :::; amg: Each attribute in A may

have multiple values V ¼ fv1; v2; :::; vng(membership,

non-membership and indeterminacy), among which con-

tradiction degree and the appurtenance degree are two of

the unique features, denoted by cðv;DÞ and dðx; vÞ,
respectively. Let ~a ¼ ða1; a2; a3Þ and ~b ¼ ðb1; b2; b3Þ be

two plithogenic sets. The intersection operation of plitho-

genic is:

ððai1; ai2; ai3Þ; 1� i� nÞ ^ pððbi1; bi2; bi3Þ; 1� i� nÞ ¼

ððai1 ^F bi1;
1

2
ðai2 ^F bi2Þ þ 1

2
ðai2 _F bi2Þ; ai3 _F bi3ÞÞ; 1� i� n:

ð9Þ

The union operation of plithogenic is:

ððai1; ai2; ai3Þ; 1� i� nÞ _ pððbi1; bi2; bi3Þ; 1� i� nÞ ¼

ððai1 _F bi1;
1

2
ðai2 ^F bi2Þ þ 1

2
ðai2 _F bi2Þ; ai3 ^F bi3ÞÞ; 1� i� n;

ð10Þ

where

ai1 ^ pbi1 ¼ 1� cðtD; t1Þ½ �:tnormðtD; t1Þ
þ cðtD; t1Þ:tconormðtD; t1Þ;
ai1 _ pbi1 ¼ 1� cðtD; t1Þ½ �:tconormðtD; t1Þ
þ cðtD; t1Þ:tnormðtD; t1Þ;
tnorm ¼ ^Fb ¼ ab; tconormaVFb ¼ aþ b� ab:

Definition 10 Let L ¼ a; b; cð Þ; Sa p1ð Þ; Sb p2ð Þ; Sc p3ð Þ
� �

be a plithogenic probabilistic linguistic term set, where

a; b; c; p 2 0; 1½ �; a; b; c 2 �s; s½ � and s 2 R: Compared

with neutrosophic linguistic term, it increases the consid-

eration of probability information when expressing deci-

sion-making evaluation, which is more in line with the

fuzzy and uncertain decision-making environment.

3 VIKOR Method for Plithogenic PLTS MAGDM
with Incomplete Weight Information

In this section, aiming at solving the decision-making

problem of sustainable supply chain financial risk evalua-

tion with unknown attribute weights under the plithogenic

PLTS environment, we first outline the applied decision-

making methods, and then put forward the principles and

steps of a decision-making model to better understand and

solve MAGDM problems.

3.1 Methods Description

To solve the SSCF risk evaluation problem in which the

evaluation values are expressed in plithogenic PLTSs, we

next develop a plithogenic probabilistic linguistic VIKOR
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multi-attribute analysis approach with unknown weight

information. The proposed model utilizes the following

methods: method of adjusting the consistency coefficient

[60] is employed to determine the weights of attributes

from a subjective and objective perspective, based on

which, the decision matrix aggregated by the plithogenic

PLTS is weighted, VIKOR method [53] is introduced from

the point of maximum group benefit and minimum indi-

vidual regret to derive the compromise solution and prop-

erly rank the alternatives. A brief description of the model

building process is provided below.

3.2 The Proposed Model

The advantage and importance of this research lies not only

in highly considering the uncertainty in the evaluation

process, but also in the comprehensive analysis of the

weight characteristics of the various attributes and alter-

natives in the MAGDM problem.

Plithogenic PLTSs can simultaneously reflect the eval-

uation information and probability information of the

research object, providing us with additional possibilities to

better express the uncertain and inaccurate information

exist in various types of research problems. This model

integrates the advantages of PLTS, consistency adjustment

coefficient and VIKOR method in a plithogenic environ-

ment. The conceptual framework of the proposed model

can be illustrated by Fig. 1 and the detailed steps are as

follows:

Step 1 Problem description and determine the aggre-

gated decision matrix.

For plithogenic probabilistic linguistic MAGDM prob-

lem. Suppose A ¼ ðA1,A2,…,AmÞ (m� 1) be a set of m

alternatives, C ¼ c1; c2; . . .cnf g (n� 1) be a set of n attri-

butes. The initial subjective weight vector corresponding to

the attribute is set as w0 ¼ ðw01;w02; . . .;w0nÞ, where

0�wj� 1;
Pn

j¼1 wj ¼ 1, and the final weight vector of the

attribute obtained by the adjustment coefficient is

w ¼ w1;w2; . . .;wnð Þ. A group of DMs are indicated by

Fig. 1 The conceptual framework of the proposed model with plithogenic PLTS
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D ¼ d1; d2; � � �dkf g(k� 1). The evaluation on alternative xj
under attribute aj provided by DM dk is in form of pli-

thogenic PLTS L, L ¼ a; b; cð Þ; Sa p1ð Þ; Sb p2ð Þ; Sc p3ð Þ
� �

.

Next, we can obtain the original evaluation matrix

according to the triangular neutrosophic probabilistic lin-

guistic scale, as shown in Table 1.

Adopt Eqs. (6)–(8) to integrate the individual evaluation

of each DM and further establish a comprehensive evalu-

ation matrix based on the initial plithogenic probability

evaluation matrix. Then the contradiction degree c

c ¼ n�1
n

� �
of each attribute with respect to the dominant is

defined to aggregate the neutrosophic evaluation opinions

of each DM towards attributes by means of Eqs. (9)–(10).

The aggregated neutrosophic number decision matrix is

transformed into crisp number to facilitate further calcu-

lations, as shown in Eq. (11).

S að Þ ¼ 1

8
a1þ b1þ c1ð Þ � 2þ a� b� cð Þ: ð11Þ

Step 2 Determine the comprehensive weights of

attributes.

On the basis of the integrated plithogenic probabilistic

linguistic term evaluation matrix, by combining the given

initial subjective weights, the adjusted coefficient is

applied to adjust the objective weights of attributes, so as to

obtain the comprehensive weights considering both sub-

jective and objective factors. The adjustment coefficient of

weight is calculated according to the degree of consistency

of the attribute related to other attribute evaluation infor-

mation. The calculation steps are as follows:

Based on the normalized PLTS decision matrices

~Uq ¼ ~Lqij pð Þ
� �

m�n
q ¼ 1; 2; . . .; nð Þ, a consistent degree qqr

between cq and cr is defined as:

qqr ¼ 1�
d ~Uq; ~Ur

� �
Pn

q¼1;q 6¼r d
~Uq; ~Ur

� � ; ð12Þ

where d ~Uq; ~Ur

� �
can be obtained by Eq. (5), and the

larger the value of consistent degree qr, the higher the

consistent degree of evaluation information between cq and

cr. Next, the adjustment coefficient q between attributes is

defined as:

qq ¼
Pn

r¼1q6¼r qqr
n� 1

ð13Þ

Obviously, the adjustment coefficient qq represents the

overall degree of consistency of attribute cq with other

attributes, that is, the degree to which cq is favored by

DMs, reflecting its relative importance. On the other hand,

the larger the value of qq, the more important the attribute

cq. Therefore, the comprehensive weights wk of attributes

can be determined according to the given initial subjective

weight w0q and the adjusted coefficient q:

wk ¼
qqw

0qPn
q¼1 qqw0q

q ¼ 1; 2; . . .; nð Þ: ð14Þ

Step 3: Determine the order of alternatives based on

VIKOR

As an effective MAGDM technique, VIKOR method

(the Serbian name: VIseKriterijumska Optimizacija I Kom-

promisno Resenje, multi-criteria optimization and com-

promise solution) was developed by Opricovic for multi-

attribute optimization of complex system, and obtaining

the final compromise solution from a set of alternatives in

the presence of conflicting attributes by means of maxi-

mizing group utility and minimizing individual regret [54].

In this stage, VIKOR is applied to rank the alternatives and

select the optimal one [28].

Based on the comprehensive plithogenic probabilistic

linguistic evaluation matrix, the positive ideal solution

(PIS) and negative ideal solution (NIS) for each attribute

can be obtained as following equations:

Vþ ¼ vþ1 ; v
þ
2 ; . . .; v

þ
j

n o
; vþj ¼ max vþij

n o
; i ¼ 1; 2. . .;m;

ð15Þ

V� ¼ v�1 ; v
�
2 ; . . .; v

�
j

n o
; v�j ¼ min v�ij

n o
; i ¼ 1; 2. . .;m:

ð16Þ

Next, calculating the plithogenic PLTS group benefit

value Si and individual regret value Ri of each evaluation

alternative expressed by the following relations:

Table 1 Plithogenic probability

linguistic evaluation scale
Influence linguistic scale abbreviation Neutrosophic probabilistic linguistic scale

Very weakly influence VWI {(0.1,0.2,0.3),S-4(0.2),S-2(0.6),S-4(0.2)}

Weakly influence WI {(0.25,0.3,0.5),S1(0.55),S-3(0.18),S-2(0.27)}

Partially influence PI {(0.4,0.3,0.4),S1(0.67),S-4(0.11),S-3(0.22)}

Equal influence EI {(0.5,0.5,0.5),S4(0.82),S-4(0.09),S-4(0.09)}

Strong influence SI {(0.65,0.7,0.8),S4(0.75),S-3(0.17),S-4(0.08)}

Very strongly influence VSI {(0.85,0.8,0.95),S3(0.73),S-4(0.09),S-3(0.18)}

Absolutely influence AI {(0.95,0.95,0.95),S4(0.82),S-4(0.09),S-4(0.09)}
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Si ¼
Xn
j¼1

wj

~Vþ
j � ~Vij

			
			

~Vþ
j � ~V�

j

			
			
; ði ¼ 1; 2; . . .;mÞ; ð17Þ

Ri ¼ max
j

wj

~Vþ
j � ~Vij

			
			

~Vþ
j � ~V�

j

			
			
; ði ¼ 1; 2; . . .;mÞ; ð18Þ

where Si and Ri represent the group utility measure and

individual regret measure for each alternative i; respec-

tively, among which, the smaller the value Si; the greater

the group utility of the alternative. And on the contrary, the

smaller the value Ri; the lower the individual regret. The

value of wj expresses the weight of the jth attribute.

Calculating the value of compromise sort index Qi using

the relation as follows:

Qi ¼ l
Sþ � Si

Sþ � S�


 �
þ ð1� lÞ Rþ � Ri

Rþ � R�


 �
; ði ¼ 1; 2; . . .; nÞ;

ð19Þ

where Sþ ¼ min
i

Si; S� ¼ max
i

Si; Rþ ¼ min
i

Ri and R� ¼
max

i
Ri: l ðl 2 ½0; 1�Þ is the compromise sorting coefficient

that denotes the weight of group utility, while 1� l is the

weight of individual regret. If l[ 0:5; then the proportion

of the group benefit of the alternatives is greater than that

of the individual regret and make decisions based on the

objective of maximum group utility. However,l\0:5

indicates that the decision is based on a decision-making

mechanism that minimizes individual regret. In this paper,

the value of l is set to 0.5, which implies that the decision.

Finally, ranking the alternatives based on the obtained

values of Si; Ri and Qi ði ¼ 1; 2; . . .;mÞ in descending

order, which means the greater the value of Qi, the worse

the alternative and vice versa. We can get a ranking table of

all the alternatives with respect to the three index values of

VIKOR.

4 Case Study

In this section, to illustrate the effectiveness and feasibility

of the proposed methods, a practical numerical example

concerned with the pharmaceutical industry in China

evaluates the most substantial risk metrics for enhancing

the risk management performance of SSCF. Meanwhile, a

comparative analysis is also conducted to show the supe-

riority of the proposed model.

4.1 Application to the Pharmaceutical Industry

Affected by the COVID-19 epidemic, the pharmaceutical

industry in China has become one of the most promising

and competitive industries in recent years. However, due to

the rapid growth of orders, some small and medium-sized

companies are gradually affected by the cash flow gaps,

inherent uncertainty and other risk factors, which seriously

affect the normal operation of supply chain production and

operation activities. With the gradual rise of SCF business

in the industry and the active promotion of sustainable

development by relevant departments, a large state-owned

bank decided to select the optimal alternative to implement

corresponding financial services on the basis of assessing

the SSCF risk level of relevant companies. For enterprises,

whether seeking cooperation or choosing investment, the

risk evaluation of SSCF is particularly important. It is also

of great significance to make corresponding risk prevention

and control measures on the premise of comparing these

risk evaluation attributes and ranking them according to

their importance degree. Therefore, it is necessary to con-

sider the risk sources of SSCF from a multi-dimensional

perspective. For the purposes of this case study, five rep-

resentative risk attributes are chosen as the evaluation

attributes set of plithogenic PLTS on the basis of TBL and

its extensions [59] (All attributes are of the negative type):

(1) C1 : Economic performance risk; (2) C2 : Social

responsibility risk; (3) C3 : Environmental performance

risk; (4) C4: Sustainable supply risk; (5) C5: Information

and control capability risk. The weight vectors of these

attributes are completely unknown. Suppose that there are

four influential candidate companies (alternatives) to be

evaluated, which are the Shanghai Pharma (a1Þ, the CSPC

Pharma (a2Þ, Yunnan Baiyao (a3Þ, the Hengrui Medicine

(a4Þ. We examined the actual situation of four companies

whose data is assessed by four DMs d ¼ d1; d2; d3; d4f g
from the relevant department of the bank with significant

insights and influence on the pharmaceutical industry. In

the case of uncertainty, plithogenic probability linguistic

evaluation scale L ¼ a; b; cð Þ; Sa p1ð Þ; Sb p2ð Þ; Sc p3ð Þ
� �

(see

the details in Table 1) is used by DMs to express their

preferences for different risk attributes under different

alternatives. The evaluation results of SSCF risk are inte-

grated to form the plithogenic PLTS decision matrix

U1,U2,U3;U4, as shown in Table 2.

Step 1: According to the aggregation operation of the

PLTS score function of Eqs. (6)–(8) and the plithogenic

aggregation operator of Eqs. (9)–(10), plithogenic aggre-

gation operator is applied to combine all single assessments

of each DM about the sub-criteria based on the equidis-

tance contradiction degree (CD) of each criterion to the

dominant. The aggregated evaluation matrix is shown in

Table 3.

In order to simplify the calculation, a de-neutrosophic

process is conducted to transform the aggregated neutro-

sophic number matrix into crisp number matrix according
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to Eq. (11), as shown in Table 4. The normalized evalua-

tion matrix can be further obtained and the result is pre-

sented in Table 5.

Step 2: On the basis of the normalized de-neutrosophic

PLTS evaluation matrix, assuming that the given initial

subjective weights of attribute are w0q = (0.1, 0.4, 0.3, 0.2,

0.1), the objective weights of attributes can be calculated

by adjusted coefficient, shown in Eqs. (12)–(13). There-

fore, the comprehensive weight vector of attributes is

wk = (0.0996; 0.3894; 0.2111; 0.1959; 0.1040) according

to Eq. (14). That is to say, C2, C3 and C4 are the three most

important risk attributes, occupying a larger proportion in

the process of evaluation. After obtaining the comprehen-

sive weight of each risk attribute, the result is brought into

the normalized evaluation matrix, and the comprehensive

normalized decision matrix of SSCF risk evaluation of

each alternative can be obtained as shown in Table 6.

Step 3: In this step, the idea of VIKOR method is

applied to evaluate the SSCF risk of each alternative,

where ~Vþ and ~V� can be obtained on the basis of

aggregated evaluation matrix shown in Table 6, and the

specific calculation results, according to Eqs. (15)–(16), are

positive ideal solution (PIS) Vþ = (0.0389,0.0692,0.0798,

0.073,0.0586) and negative ideal solution (NIS)V� =

(0.0526,0.1274,0.1031,0.0952,0.0681).

Now,Si and Ri is calculated based on the values of ~Vþ;
~V� and wk using Eqs. (17)–(18). The calculation results of

Si and Ri for four alternatives are listed in Table 7. Suppose

c = 0.5, and we can calculate the values of Qi by means of

Eq. (19). From Table 7, it can be seen that Sþ = 0.1845,

Table 3 Aggregated evaluation matrix

CD 0 1/5 4/5

c1 c2 c5

a1 {(0.31,0.75,1.00),0.09,0.01,0.01} {(0.26,0.55,0.02,0.00,0.02,0.00)} {(0.96,0.88,0.88),0.10,0.00,0.01}

a2 {(0.45,0.81,1.00),0.09,0.02,0.01} {(0.21,0.45,0.03),0.40,0.02,0.09} {(0.99,0.95,0.88),0.00,0.00,0.00}

a3 {(0.06,0.50,0.94),0.00,0.00,0.00} {(0.61,0.76,0.17),0.10,0.00,0.01} {(0.91,0.68,0.54),0.07,0.01,0.02}

a4 {(0.07,0.60,1.00),0.42,0.00,0.08} {(0.19,0.40,0.05),0.65,0.02,0.00} {(0.89,0.75,0.69),0.09,0.01,0.01}

Table 4 The de-neutrosophic evaluation matrix

c1 c2 c3 c4 c5

a1 0.5311 0.2049 0.4174 0.4111 0.7086

a2 0.5831 0.1962 0.4174 0.4111 0.7048

a3 0.3750 0.3137 0.4686 0.4111 0.5406

a4 0.4857 0.2089 0.4686 0.4972 0.6031

Table 5 The normalized de-neutrosophic evaluation matrix

c1 c2 c3 c4 c5

a1 0.4911 0.1894 0.3860 0.3801 0.6553

a2 0.5283 0.1777 0.3781 0.3724 0.6385

a3 0.3910 0.3271 0.4886 0.4286 0.5637

a4 0.4610 0.1983 0.4447 0.4719 0.5724

Table 6 Comprehensive decision matrix for sustainable supply chain

financial risk evaluation

Weight 0.0996 0.3894 0.2111 0.1959 0.1040

c1 c2 c3 c4 c5

a1 0.0489 0.0738 0.0815 0.0745 0.0681

a2 0.0526 0.0692 0.0798 0.0730 0.0664

a3 0.0389 0.1274 0.1031 0.0840 0.0586

a4 0.0459 0.0772 0.0939 0.0925 0.0595

Table 2 Plithogenic PLTS evaluation decision matrix U1,U2,U3,U4

c1 c2 c3 c4 c5

d1 a1 VSI SI WI WI AI

a2 VSI EI WI WI AI

a3 EI VSI SI WI SI

a4 WI SI SI SI VSI

d2 a1 SI EI WI WI VSI

a2 SI WI WI WI AI

a3 EI EI WI WI SI

a4 SI PI WI PI VSI

d3 a1 VSI EI WI WI AI

a2 VSI EI WI WI AI

a3 EI VSI WI WI EI

a4 SI PI WI PI SI

d4 a1 SI EI EI EI VSI

a2 AI EI EI EI AI

a3 EI AI EI EI VSI

a4 SI PI EI EI SI
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S� = 0.7112,Rþ = 0.0996,R� = 0.3894, hence the values

of Qi can be obtained as well as the ranking table of the

three parameters, as shown in the last line. The ranking

order of the Si,Ri and Qi are the same, that is

a2 [ a1 [ a4 [ a3.

According to the calculation results, the SSCF business

of a2 is most likely to suffer risks, hence banks should

carefully consider cooperation with it, while the a3 phar-

maceutical enterprise can be seen as the optimal solution

with the best risk management level and can carry out

corresponding financing business to achieve a win–win si-

tuation. In summary, the final decision for the least risky

company result is: company a3 [ company a4 [ company

a1 [ company a2.

4.2 Comparative Analysis and Discussion

In the above-mentioned SSCF risk assessment process, the

third pharmaceutical company was the least risky and the

optimal alternative, followed by the fourth company, and

the second company ranked last. To validate the superiority

of the proposed model in evaluating the risk of SSCF, and

to further analyze the differences in the scoring results of

various companies, a brief comparative analysis is per-

formed in this section under plithogenic PLTS environment

with existing MAGDM techniques including TOPSIS

method [54] and ELECTRE method [61]. Figure 2 sum-

marizes the performance values of alternatives under dif-

ferent methods. For a3, the performance coefficient values

determined by the three comparison methods are always

bigger than other alternatives, which to some extent high-

lights the superiority of company a3 in risk evaluation and

also accords with the results obtained in this paper, thus

demonstrating the validity of the proposed approach. The

specific comparative ranking results are shown in Table 8.

According to the ranking results of different methods in

Table 8, it can be seen that the other two methods in the

plithogenic PLTS environment are roughly the same as the

VIKOR method applied in this paper, with only partial

differences. The following analysis can account for this

difference, first, it should be noticed that the TOPSIS

method obtains performance values based on the Euclidean

distance measure between each alternative and ideal solu-

tions, while ignoring the possible interrelated characteris-

tics among attributes. However, the proposed model in this

paper can not only consider the interrelationship among

more than two risk attributes, but also give the more rea-

sonable decision result, which is more in line with the

practical application of decision-making. On the other

hand, there is no need for VIKOR to take whether optimal

solution should be the closest from the PID and farthest

from the NID into consideration. Second, the normalized

value of matrix in the proposed method does not rely on the

evaluation unit of an attribute function, while the value

generated by vector normalization in the TOPSIS method

may depend on it.

We can see from the ranking results that the ELECTRE

method and the VIKOR-based method derive the same

ranking of the alternatives, and get the same optimal

alternative a3. Compared with the ELECTRE method,

which weakens poor solutions to acquire the optimal

solution, the VIKOR method emphasizes maximizing

group utility and minimizing personal regret to obtain a

compromise solution that satisfies the corresponding con-

straints and pays more attention to the opinions of group

DMs. Moreover, the proposed approach places more

emphasis on the characteristics of local individual

Table 7 The values of Si,Ri and Qi,and ranking of alternatives

a1 a2 a3 a4 Ranking

Si 0.2374 0.1845 0.7112 0.4374 a2 [ a1 [ a4 [ a3

Ri 0.1040 0.0996 0.3894 0.1959 a2 [ a1 [ a4 [ a3

Qi 0.0577 0 1 0.4063 a2 [ a1 [ a4 [ a3

Fig. 2 Comparison of alternative performance values

Table 8 Ranking results with different methods

Alternatives VIKOR TOPSIS ELECTRE

a1 3 4 3

a2 4 3 4

a3 1 1 1

a4 2 2 2
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attributes and alternatives, rather than taking the entire

incomplete information as a whole.

Therefore, from the above analysis, it can be seen that

the model proposed in this paper is more convincing in

expressing decision results.

This paper has proposed the VIKOR to solve the SSCF

risk evaluation problem and adopted the plithogenic PLTS

to present theDMs’ preferences. On the basis of the results

of the case study and the above comparative example, we

can summarize the following advantages:

(1) Compared with other fuzzy linguistic terms [22, 23],

the plithogenic PLTSs can simultaneously describe

two kinds of uncertain information, hesitation and

probability, which can express the preferences of

DMs more flexibly and accurately combining quan-

titative and qualitative evaluation information.

(2) The combined consideration of the contradiction

degree of plithogenic set and the scoring function of

PLTS can simplify the computational complexity of

MAGDM problem in the analysis process.

(3) The consistency adjustment coefficients can com-

prehensively consider the subjective and objective

weight of risk attributes and obtain the integrated

weight in the case that the weight information is

incomplete.

(4) With the plithogenic PLTSs, the VIKOR method can

maintain the integrity of the decision information

and reflects the approximation degree of group

utility and individual regret to the ideal solutions

by means of integrated decision matrix, which

results in much more reasonable decisions.

In general, the contribution of assessing the risks of

SSCF financing alternatives with different decision-making

methods is to allow DMs to think about the practical

problem from dissimilar perspectives, which helps increase

the flexibility of decision-making progress. However,

under the evaluation of linguistic information that combi-

nes quantitative calculation and qualitative analysis, the

differential characteristics of DMs will also have a con-

siderable impact on the decision results. Therefore, we can

further extend the proposed method by combining some

emerging artificial intelligent techniques with multi-source

plithogenic probabilistic information, making it feasible to

express the preference characteristics of DMs and deal with

various kinds of uncertainties.

5 Conclusion

It is unreasonable to ignore risk factors in the development

of SSCF and not to consider the importance of probabilistic

language terms in decision-making. Under the premise of

considering risk factors, the financing company selection is

a crucial strategy for banks who engage in SCF business

with the goal of sustainability, which can be regarded as a

MAGDM problem. A variety of expressions of fuzzy

decision information have been proposed by scholars to

intuitively describe cognitive preferences for such prob-

lems. However, the existing evaluation models also have

limitations such as not fully considering the impact of

inaccurate subjective and objective information of risk

attributes weights on the decision-making results, while

there is also little involvement in the prioritization of risk

factors and solutions that affect sustainable supply chain

financial business in an uncertain environment. To address

these deficiencies and effectively prevent and control the

risk indicators that have negative impacts on the SSCF

business, this paper extends the VIKOR method to evaluate

the selected five risk attributes with unknown weight

information through the PLTS under plithogenic environ-

ment. In order to facilitate the application of PLTSs under

plithogenic environment to evaluate SSCF risks, single

evaluation decision matrices from DMs towards risks

attributes are integrated and transformed into crisp num-

bers through the operation of plithogenic contradiction

degree and the PLTS scoring function aggregation opera-

tors. Then, after deriving the integrated weights of risks

based on the subjective and objective attribute weights

from the thought of adjustment coefficients, the VIKOR

method was developed to evaluate the risk level of all

alternatives. The feasibility and rationality of the proposed

technique are verified by a case study in the pharmaceutical

industry and we obtain the optimal alternative is a3, which

provides a new idea for the application of MAGDM theory

and the risk evaluation of SSCF. In addition, the advan-

tages of this paper include reducing the vagueness of expert

judgments by evaluating in a plithogenic environment,

adjusting the value of weight coefficient according to the

risk attitude and actual preference of DMs with PLTSs, and

highlighting the interpretability and superiority of the

decision results by comparing with other representative

decision-making methods.

Although this paper has enriched the theoretical system

on risk evaluation of SSCF, there are also some limitations

that are worthy of future research. Since the constructed

risk attribute set only covers risk attributes from five

dimensions, it may not fully reflect all aspects of the

interaction between risk and sustainability, which may lead

to deviation between theoretical results and practical

application to some extent. In addition, the combination of

the MAGDM techniques with plithogenic PLTSs could

also be employed to solve other practical uncertain deci-

sion-making problems, such as predictive policy evalua-

tion, blockchain risk assessment, city happiness index

rankings, etc. In the future, we will also set out to expand
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the breadth of the plithogenic PLTSs with more compre-

hensive risk indicator evaluation and more complex prob-

lem structures.
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