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With the deepening of globalization and the improvement of the fineness of production division and cooperation, various forms of
suppliers coexist, and the supply chain network becomes complex and fragmented. Traditional supply chain management mode
and purchasing mechanism cannot respond to the changes of the times in time, and enterprises and suppliers cannot connect. As
a new type of financial service, supply chain finance plays an important role in solving the financing difficulties and expensive
problems of SMEs. However, in recent years, traditional supply chain finance has encountered many problems, and it has
gradually become a trend to empower traditional supply chain finance with blockchain technology. This paper proposes a
blockchain supply chain financing risk assessment and behavior prediction algorithm. By analyzing the development status of
supply chain business, it puts forward corresponding preventive measures to effectively improve the efficiency of supply chain
financing. Firstly, the paper puts forward the double-chain management system and constructs the double-chain management
architecture and operation flow; Thirdly, the weighting method of enterprise financing risk evaluation index based on variance
homogeneity test is put forward to explain; Finally, five enterprises are tested on the data set, and the performance of TPR,
FPR, Precision, Recall, F-Measure, and Accuracy is compared. Different enterprises have the problem of supply chain financing

risk.

1. Introduction

With the continuous extension of the supply chain of modern
enterprises, industry pain points such as invisible information
and great financing risks are constantly emerging. The emer-
gence of blockchain technology provides new opportunities
for the sound development of supply chain financing system.
Literature [1] expounds the risk management practice of
banks as supply chain finance (SCF) service providers. Using
4,014 evaluation and approval reports, five risk management
factors are constructed, and their functions are tested with
second-hand data. Reference [2] presents the results of a sys-
tematic literature review to understand the current status of
SCF and working capital research. Literature [3] starts from
the standardization of green supply chain finance, and the car-
bon trading process gives extra green income incentives to the
supply chain, further encourages both sides of the supply

chain to improve the green degree of the supply chain, and
pursues the double promotion of economic benefits and green
benefits of the supply chain. Literature [4] expounds the ABS
research on reverse factoring supply chain finance of urban
investment companies. In reference [5], aiming at the financ-
ing risk of commodity trading platform, the supply chain
financial financing game under the traditional trading plat-
form is analyzed and discussed. Literature [6] focuses on
SCF solutions suitable for e-commerce enterprises of fresh
agricultural products. Literature [7] explores the role of finan-
cial service providers (FSP) in evaluating the supply chain
credit of small- and medium-sized enterprises (SME) and
how they help SMEs obtain supply chain financing (SCF)
through the established digital platform using Big Data Anal-
ysis (BDA). Literature [8] tries to find the best responsibility
structure to maintain the highest income and the lowest risk.
Help managers make financial decisions based on results.
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FiGURE 1: Dual-chained architecture.

Literature [9] analyzes the financing situation of real estate
industry in recent five years, and takes Evergrande Real Estate
as an example to analyze the problems existing in the current
capital structure of real estate enterprises, and puts forward
constructive suggestions to solve the problems. Literature
[10] developed a comprehensive three-dimensional model of
financing risk assessment, which effectively solved the prob-
lem of PPP financing risk assessment and could better control
risks. Literature [11] identified these risks in the power indus-
try as inherent commercial, financial, and political classifica-
tions of project financing, and [12] evaluated using failure
mode and impact analysis (FMEA). Literature [13], based on
the present situation of traffic enterprise risk in China,
attempts to apply the multilevel fuzzy comprehensive assess-
ment method to risk assessment. Literature [14] analyzes the
background and definition of supply chain risk in procure-
ment and logistics. Reference [15] studies the Bayesian net-
work method to measure the risk of circular supply chain,
which can help supply chain managers and risk experts focus
on areas that are more vulnerable to risks. A case study of Lean
Green Performance Hybrid Supply Chain Risk Management
based on AHP, RCA, and TRIZ was presented in [16]. Refer-
ence [17] examines supply chain relationship factors and net-
work risks in order to better understand the demand for C-
SCRM guarantee. Literature [18] explains the potential supply

chain risks reviewed on February 24th. In order to improve the
effect of enterprise supply chain risk assessment, literature
[19] improves the traditional neural network algorithm,
combines machine learning method and supply chain risk
assessment time requirements to set up system function mod-
ules, and constructs the overall system structure. Reference
[20] aims to develop a decision model to support supply chain
risk management in petroleum industry. Reference [21] con-
structs an optimization model for perishable products supply
chain of agricultural supply chain to determine the optimal
risk management strategy to maximize the expected profit of
decision-makers under the uncertainty of demand and price.
Literature [22] identifies a complete list of various available
data sources for text mining, methods, and risks related to
outsourcing in the clothing industry. Literature [23] evaluates
the premise and consequences of supply chain risk manage-
ment capability, and shows that the fit between information
processing capability and demand enhances supply chain risk
management capability, which in turn enhances supply chain
elasticity.

Literature [24] aims to summarize the existing literature
on risk factors in supply chain management in an uncertain
and competitive business environment. The purpose of
literature [25] is to theoretically assume and empirically
explore the relationship among global supply chain risks,
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FIGURE 2: Operation flow of double chain.

supply chain elasticity, and mitigation strategies, taking sup-
ply chain elasticity as dynamic capability and elasticity as
intermediary premise to solve supply chain risks in procure-
ment, manufacturing, and delivery.

2. Double-Chain Management System

2.1. Architecture of Blockchain. The basic architecture of
blockchain and the supply chain management architecture
based on blockchain technology are divided into four
aspects: data layer, algorithm layer, contract layer, and appli-
cation layer. The data layer extracts the information required
by each link of the supply chain through RFID, NFC, GPS,
and other technologies, and stores the involved information
synchronously in the blockchain; it can manage data
through P2P protocol, authentication mechanism, and com-
munication mechanism, and realize information sharing
among different subjects; the algorithm layer encapsulates
the common algorithm of the whole system, which is the
key to realize blockchain technology to ensure that the
supply chain is not attacked by malicious nodes in the net-
work; the core of the contract layer is intelligent contract,
which is realized by writing contract code. Once the preset
conditions are met, the contract will be automatically trig-
gered and executed immediately, improving work efficiency
and enhancing mechanism trust; the application layer is a
platform for information exchange among members of each

node in the supply chain management system, and the end
consumers can also realize the purpose of product traceabil-
ity through this platform. The double-chained architecture is
shown in Figure 1:

2.2. Double-Chain Operation Process. There are three differ-
ent types of objects involved in the management and opera-
tion system of double chain, namely, enterprises, products,
and consumers. The specific operation process is shown in
Figure 2:

Participating enterprises of all parties in the supply chain
cooperate with third-party blockchain service enterprises,
build a supply chain management system architecture based
on blockchain, and sign intelligent contracts according to
the agreements related to the transaction process of goods
and funds made by supply enterprises, manufacturing enter-
prises, and distribution enterprises. In the process of raw
material procurement, raw material production, and product
distribution, a series of link information from production to
distribution is collected through big data, visualization, and
other technical means, and finally, the information is sent
to the blockchain system.

2.3. Problems Encountered in Supply Chain Finance. At pres-
ent, the contradictions and conflicts faced by all parties
involved in supply chain finance show that the current supply
chain finance has reached a crossroad, and we need to calm
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TasLE 1: Classification standard of sample enterprises.

Table type Table type Table type(P) Operating income (10,000 yuan) Total assets (10,000 yuan)
Table large e Q>250000 C > 60000
Medium —_— 1000<Q < 250000 4000<C < 1500000
Real estate
Small _ 200<Q < 1000 2000<C < 5000
Micro _ Q<200 C <300
Table large P >1000 Q>25000 C > 60000
d Medium 300<P < 1000 1000<Q < 25000 4000<C < 1500000
Indust
v Small 20<P < 300 200<Q < 1000 2000<C < 5000
Micro P<20 Q<300 C <300
Table large — Q>40000 C > 60000
Medium _ 1000<Q < 25000 4000<C < 2500000
Construction industry
Small —_ 200<Q < 1000 2000<C < 5000
Micro _ Q<400 C <400

down and rationally develop supply chain finance. The first is
industrial enterprises. Under the call of rolling up their sleeves
and working hard, they have shown a strong impulse to test
the water in supply chain finance and have become factoring
companies or financial companies, taking supply chain
finance as the key to industrial development and an important
source of future corporate profits. The current development
trend is not very healthy, enterprises cannot let financial com-
panies give themselves a large amount of funds for financing,
and financial institutions still have concerns about the good
credit guarantee of enterprises. Some industrial enterprises
engage in self-finance, use their own financial licenses to
finance their upstream and downstream, and become “two
banks”, resulting in monopolized and bullying financial activ-
ities, which makes upstream and downstream enterprises feel
worse and worse about supply chain finance, followed by
financial institutions. Under the social environment that the
state and governments at all levels call for supporting the
development of small- and medium-sized enterprises, various
commercial banks have set up trade banking departments to
contribute to the financial financing of enterprise supply
chain, in order to show their concern and support for supply
chain finance. However, the reality is that financial institutions
have never grasped it. The supply chain finance business is still
not divorced from the main credit, and relying on core enter-
prises is still the fulcrum of risk control for most banks. Digital
technologies such as Internet of Things, artificial intelligence,
blockchain, and advanced analysis have become the means
and gimmicks for banks to decorate their facades and publi-
cize to the outside world. Supply chain finance has a situation
of “big slogan and small action” in commercial banks.

3. Financing Risk Evaluation Algorithm
and Modeling

3.1. Standardized Method of Financing Risk Assessment.
There is no need to standardize the qualitative classification

index and the quantitative index between [0, 1]. The posi-
tive, negative, and interval indexes of some indexes should
be standardized, respectively, to solve the dimension prob-
lem of indexes.

Assuming that u; ; is the initial data of the i-th evaluation
index of j enterprises and the number of enterprises partici-
pating in financing risk evaluation is », then:

When the quantitative index of an index is positive, its
standardization method is formula:

~ u;; — min (ui)j)

= 0<j<n). 1
max (u;;) —min (1) (0<j<n) M)

X

When the quantitative index of an index is negative, its
standardization method is formula:

max (ui,j) —u;;

= 0<i<n) 5
max (ui,j>—min (ui)j) (0<j<n) (2)

X;j

If the probability P; =1, the entropy of the evaluation is
equal to zero, which shows that there is no uncertainty in
the risk evaluation, and the risk evaluation result is
completely determined.

Let h, be the left boundary and A, the right boundary of
the ideal interval of a certain interval. The standardization
method of this index is formula:

hy —uj u..<h
max [hl — min (ui,j), max (ui,j) — hz] »Hij s
xl,] 1— u,)] 2 ) ui,j > hZ

max [hy —min (u;;), max (u;;) — )
Lh <u;;<h,

(3)
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TABLE 2: Model performance data sheet.
Indicators TPR FPR Precision Recall F-Measure Accuracy
Enterprises A 0.521 0.311 0.433 0.452 0.442 0.412
Enterprises B 0.652 0.332 0.365 0.553 0.462 0.423
Enterprises C 0.641 0.361 0.492 0.593 0.511 0.403
Enterprises D 0.512 0.291 0.371 0.492 0.521 0.461
Enterprises E 0.582 0.273 0.441 0.502 0.482 0.442
0.7
0.6 -
054"
04 -
03 -
0.2+
0.1+~
0 -
Enterprise A Enterprise B Enterprise C Enterprise D Enterprise E
= TPR Recall
= FPR = F-measure
m Precision m Accuracy
FIGURE 3: Performance diagram of Logistic regression model.
TABLE 3: Model performance data sheet.
Indicators TPR FPR Precision Recall F-Measure Accuracy
Enterprises A 0.531 0.311 0.433 0.452 0.442 0.412
Enterprises B 0.632 0.332 0.362 0.551 0.462 0.423
Enterprises C 0.625 0.364 0.491 0.584 0.513 0.403
Enterprises D 0.519 0.293 0.372 0.494 0.522 0.454
Enterprises E 0.583 0.272 0.445 0.503 0.481 0.444

The proportion of financing risk evaluation index is
defined as formula:

fi,j= nl’j”~ (4)

Let M; be the entropy value of the i-th enterprise inter-
net financing credit evaluation index, then the entropy value
of the i-th enterprise financing risk evaluation index is
defined as the formula:

1 n
Miz‘m L;fz] lnfi,j]' (5)

The formula of entropy weight a; of financing risk eval-
uation index is as follows:
1-M,
4= ———
om=YL M,

(6)

3.2. The Formula of Entropy Weight a_i of Financing Risk
Evaluation Index Is as Follows.

_ Y (% - %)

Tin = m —\2ym —\2 (7)
\/Zj:l(xi,j_xh) Zj:l(xh,j_xh)

Assuming that e, is the amount of information contained
in the i-th evaluation index and b; is the CRITIC weighting
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FIGURE 4: Performance diagram of DT model.
TaBLE 4: Model performance data sheet.

Indicators TPR FPR Precision Recall F-Measure Accuracy
Enterprises A 0.631 0.211 0.833 0.752 0.842 0.812
Enterprises B 0.732 0.132 0.862 0.751 0.762 0.823
Enterprises C 0.725 0.264 0.891 0.784 0.713 0.803
Enterprises D 0.719 0.193 0.772 0.894 0.722 0.854
Enterprises E 0.783 0.212 0.745 0.883 0.881 0.844

Enterprise A Enterprise B Enterprise C Enterprise D Enterprise E
= TPR = Recall
m FPR F-measure
B Precision Accuracy

FIGURE 5: Performance diagram of integrated Logistic-RS model.
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TaBLE 5: Model performance data sheet.
Indicators TPR FPR Precision Recall F-Measure Accuracy
Enterprises A 0.831 0.213 0.933 0.852 0.882 0.932
Enterprises B 0.832 0.182 0.862 0.851 0.862 0.913
Enterprises C 0.825 0.204 0.891 0.884 0.873 0.863
Enterprises D 0.919 0.113 0.872 0.894 0.792 0.884
Enterprises E 0.883 0.211 0.845 0.893 0.886 0.944
1
0.9 4
0.8 4
0.7 -
0.6 -
0.5 4
0.4 -
0.3 4
0.2 1
0.1 +
0 T T T T T
Enterprise A Enterprise B Enterprise C Enterprise D Enterprise E
TPR Recall
FPR F-measure
Precision Accuracy

FIGURE 6: Performance diagram of integrated DT-RS model.

value of the i-th evaluation index, the formula is as follows:

(8)

NW
Il
=
Mz
—
-
|
N\‘.
-
N—

=
I
—

[
bi = ml
Yiie;

x 100%. (9)

3.3. Weighting Method of Enterprise Financing Risk
Evaluation Index Based on Variance Homogeneity Test.
Where n, represents the sample number of enterprise
default, n,, represents the sample number of enterprise per-
formance, and #n is the sample number of all enterprises.
The expression is as follows:

N 1 1y
Dl = —% D[ (k=1,0),
nk j:1

(10)

(11)

Let F; be the index i variance homogeneous weighting
test, and the formula is as follows:

-2 (07 -0,) 4 m (0" -D))’|

l 7\’ 0 ~o\ . (12)
. 1 1
27:1 (D;(‘,j) _DE )) + 27:01 (Dz(,j) - D; ))

The weight formula is as follows:

€= = - (13)

3.4. Weighting Method of Financing Risk Evaluation Index
Combination. In order to comprehensively consider the
effect of a single objective weighting method on the effective-
ness of enterprise Internet financing risk evaluation, the
above three objective weighting algorithms are combined
linearly, and the Internet financing risk evaluation indicators
are combined and weighted. The combination weight
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TaBLE 6: Comprehensive comparison of indicators. Extreme value of entr opy property:
Logistic Logistic-RS DT DT-RS 1 1 1
TPR 0.719 0.832 0681 0871 E(p1s Py L py) < E(,Tl P nj) =logn,.  (16)
FPR 0.182 0.112 0.732 0.829
Precision 0.876 0.931 0.785 0.863 Additivity of entropy properties:
F-Measure 0.811 0.936 0.693 0.891
Recall 0.812 0.896 0.686 0.794 E(AB) =E(A) + E(B). (17)
Accuracy 0.831 0.871 0.772 0.795
The imposition of entropy properties:
formula is as follows: E(AB) = E(A/B) + E(B), (18)
E(AB)=E(B/A) + E(A). 19
w; =7,a; +Y,b; +y56; (14) (AB) = E(B/A) + E(4) (19)

where y,>0,9,>0,9;>0 y, +y,+y; =L

3.5. Entropy Evaluation Model of Financing Risk. When the
enterprise financing risk evaluation may be in several
different credit states, and the probability of each state is
p;(i=1,2L,---,n), the entropy of the evaluation is as
follows:

n

E:_Zpi log p;. (15)

i=1

3.5.1. Modeling Process. The modeling steps of financing
risk assessment for small and micro enterprises are as
follows:

(1) Select the to be

evaluated

enterprise K (K=1,2L, M)

(2) Establishing the evaluation index system, the evalua-
tion index P;(i=12L, n)

(3) Construct enterprise financing risk index level
matrix X, whose element X, is the index level value
of K Enterprise
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(4) Choose the best quality X7
(5) Define the proximity of X to X}, D, as follows:

X
XikXi = max {sz}
Dl ' . 20
i = max ik
Xik

(6) Get the matrix:

-
M=
IS
™

dik =Dyl

I
—
=~
I
—_

i

(7) Calculate conditional entropy:

es]
I
I
M=
S
=
o

n (22)

=~
Il
—

(8) Entropy value indicating the importance of financing
risk evaluation index i:

L

)= = i 2 23)

nm

&‘3
s

(9) Determine the evaluation weight of the evaluation
index i:

Q= [1-e(d))]. (24)

Ee= ) e(d,), HQSatisfy0< Q<1 ) Q;=1. (25)
i i=1

(10) Decision calculation formula:

Se= Y Qdf —dy),k=1,2,L. (26)
i=1

4. Experiment

4.1. Sample Selection. We have selected three different enter-
prises: real estate, industry, and construction. Each type of

Wireless Communications and Mobile Computing

enterprise is divided into four enterprises with different
scales: large, small, medium, and micro. The statistics of
the number of employees, operating income, and total assets
are as shown in Table 1:

4.2. Experimental Testing. This paper compares the predic-
tive effects of Logistic regression, DT, integrated Logistic-
RS, and DT-RS on the financing risk of different supply
chain levels.

Using Logistic regression model, five small- and
medium-sized enterprises in housing industry, industry,
and construction industry are selected for performance
experimental test. The data are shown in Table 2:

According to the data in the above table, the perfor-
mance data statistical chart of Logistic regression model is
shown in Figure 3:

Using DT model, five small- and medium-sized enter-
prises are selected for performance experimental test in
housing industry, industry, and construction industry. The
data are shown in Table 3:

According to the data in the above table, the perfor-
mance index data of DT model is counted into a bar chart,
as shown in Figure 4:

Using the integrated Logistic-RS model, five small- and
medium-sized enterprises in housing industry, industry,
and construction industry are selected for performance
experimental test. The data are shown in Table 4:

According to the data in the above table, the perfor-
mance index data of the integrated Logistic-RS model is
counted into a bar chart, as shown in Figure 5:

Using integrated DT-RS model, five small- and medium-
sized enterprises in housing industry, industry, and con-
struction industry are selected for performance experimental
test. The data are shown in Table 5:

According to the data in the above table, the perfor-
mance index data of the integrated DT-RS model is counted
into a bar chart, as shown in Figure 6:

4.3. Model Optimization Comparison. According to the
charts of the four prediction models, RS has the optimiza-
tion effect on the original classification prediction model.
To verify this conclusion, we set Logistic-RS model and
DT-RS model under different subspace scales to compare
the results of TPR, FPR, and F values. As shown in
Figures 7-9:

4.4. Contrast Experiment. There are many prediction indica-
tors of supply chain financing risk. The four prediction
models Logistic regression, DT, integrated Logistic-RS, and
DT-RS are finally compared with the comprehensive sample
results. The data are shown in Table 6:

5. Conclusion

In order to make the risk financing of small- and medium-
sized enterprises healthy and sustainable development,
many uncertain factors have been added to the economic
development environment of our country because of the
harmonization of global economic development. The pur-
pose of this paper is to improve the accuracy of SME supply
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chain financing risk prediction and improve the level of sup-

ply

chain financing risk control and management. The

results are as follows:

(1) The financing risk of an enterprise is closely related
to the profit of the enterprise, and the financing risk
of an enterprise with more profits is relatively low

(2) The integrated machine learning algorithm RS can
significantly improve the prediction performance of
the original classification model. The prediction
accuracy of Logistic-RS model and DT-RS model is
obviously better than that of Logistic regression
model and DT model regardless of sample data

(3) Comparing the TPR, FPR, and F values of Logistic-
RS model and DT-RS model, Logistic-RS model is
more practical and superior than DT-RS model

(4) The combined weighting method is more practical
than single weighting method, CRITIC algorithm
weighting method, and variance homogeneity test
method

Data Availability

The experimental data used to support the findings of this
study are available from the corresponding author upon
request.
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