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Abstract 

The development of small and medium-sized enterprises will be regarded as the priority 
which promotes future economic growth in the future. This paper will focus on the 
various algorithms used to construct credit models of micro, small and medium-sized 
enterprises (MSMEs). This paper first uses eXtreme Gradient Boosting Model (XGBoost) 
and Principal Component Analysis Method (PCA) to construct the index system of credit 
risk quantification, in order ro complete the missing reputation ratings of 302 
companies. The accuracy of prediction results is as high as 76.29%. Then, this paper uses 
Analytic Hierarchy Process (AHP) and Technique for Order Preference by Similarity to 
Ideal Solution (TOPSIS)to build the enterprise credit risk quantitative scoring model. 
This indicator system comprehensively considers financial factors and non-financial 
factors, and has strong applicability and practicability. In addition, this paper uses Risk-
Adjusted Return on Capital (RAROC) to build a bank credit strategy model in order to 
help banks fully evaluate the comprehensive strength of small, medium and micro 
enterprises and provide them with appropriate credit strategies. Finally, the win-win 
cooperation is achieved. 
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1. Introduction 

Recently, with the continuous development of China's economy and the optimization of 
industrial structure, China's GDP growth continues to slow down. The development of China's 
GDP has entered a bottleneck period, and the upward pressure on the economy is increasing. 
The disadvantages of state-owned enterprises and some large enterprises in the development 
mode are more and more obvious. At the same time, the activity and wide spread of small and 
medium-sized enterprises have added vitality to the sustained and stable growth of China's 
economy. Therefore, the healthy and sustainable development of small and medium-sized 
enterprises should and must be regarded as the priority in future economic growth. The credit 
behavior of the bank plays a key role in the management and development of small and 
medium-sized enterprises. However, due to the asymmetric and false information, banks and 
other financial institutions do not have enough trust in MSMEs, which makes it difficult for 
MSMEs to obtain sufficient funds from banks to develop. 

Therefore, on the basis of constructing the index system of credit risk quantification, this paper 
establishes the enterprise credit risk quantitative scoring model and the bank credit strategy 
model, to help the bank fully evaluate the comprehensive strength of MSMEs, and provide them 
with appropriate credit strategies. Finally, the win-win cooperation is achieved. 
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2. Quantitative Analysis Of Credit Risk 

2.1. Credit Rating Of Enterprise 

We use eXtreme Gradient Boosting Model(XGBoost) to evaluate the credit rating of each 
enterprise, which is divided into A, B, C and D(we use the values 1,2,3 and 4 to represent the 
credit respectively). 

XGBoost is an efficient system implementation of gradient boosting idea, with its base learner 
being both linear classifier and tree. This paper uses the characteristics of its tree model as the 
basis of quantifying the importance of each feature for feature selection. [1] 

Step.1 Regularize Learning Objectives 

We Suppose a given data set D={(Xi,yi)}(|D|=n,Xi∈Rm,yi∈R) has n samples and m features. D 
represents the dimension of set D(the number of samples contained in set D). Xi is the 
eigenvector of the ith sample. yi is the label of the ith sample(the true value). The model 
integrated by K trees is used to predict the output, as shown below: 

 
 

(1) 

In the equation above,Γ={f (X)=ωq(X)}(q:Rm→T,ωq (X)∈RT) is the function space of CART, X=(X1, 
X2,…,Xn), q is the structure of each tree, T is the number of leaf nodes. And each fk corresponds 
to an independent tree structure q and leaf weight ω. 

Step.2 Gradient Boosting 

XGBoost model is established by iteratively adding trees. The tree is iteratively added so that 
the objective function (2) is constantly reduced to minimize the objective function. 

 

 

(2) 

By expanding the regularization ω, the equation can be written as below: 

 

(3) 

In the equation above, ωi means the weight of the jth leaf node. 

The corresponding optimal objective function value is shown in Equation (4). 

 

 

(4) 

 

 

(5) 

In the XGBoost model, the splitting of leaves is based on features(the input variables of the 
model). The number of times that an input variable is applied to the splitting of leaves can be 
considered as the importance score of the input variable, which reflects the correlation 
between the input variable and the output results of the model. Thus, XGBoost's input can be 
selected based on the importance score of the input variable.The regularization enhancement 
of XGBoost can effectively avoid the overfitting problem which easily happens in load 
forecasting. 
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2.2. Construction Of Credit Risk Quantitative Index System 

Quantitative indicators of credit risk can be divided into two categories, financial factors and 
non-financial factors. [2] Non-financial factors include the credit level of the enterprise, the 
development prospect of the industry in which the enterprise is located, and the influence of 
upstream and downstream enterprises. Financial factors include the enterprise's ability to 
grow, solvency, profitability, supply and demand stability. Specific definitions and standards 
are as follows: 

i) The credit level of the enterprise (represented by C) is a non-financial factor. We believe that 
the credit level of enterprises is affected by both "credit rating" and "default", and the default 
of enterprises will directly affect the credit rating. In addition, the proportion of invalid invoices 
(number of invalid invoices/total number of invoices) also has a certain relationship with the 
credit level of enterprises.  

 𝑇ℎ𝑒 𝑐𝑟𝑒𝑑𝑖𝑡 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑛𝑡𝑒𝑟𝑝𝑟𝑖𝑠𝑒 = 𝑓(𝑐𝑟𝑒𝑑𝑖𝑡 𝑟𝑎𝑡𝑖𝑛𝑔, 𝑑𝑒𝑓𝑎𝑢𝑙𝑡) (6) 

Therefore, we divide the credit rating into three levels: excellent, medium and poor. And the 
corresponding values are 1,2,3. 

ii) We will judge whether an enterprise is the emerging enterprise (represented by B) as an 
important factor to influence the prospect of the industry in which the enterprise is located. 
Firms in emerging industries can get loans more easily than those in declining ones. The 
corresponding values are assigned as follows:  

 𝑊ℎ𝑒𝑡ℎ𝑒𝑟 𝑎𝑛 𝑒𝑛𝑡𝑒𝑟𝑝𝑟𝑖𝑠𝑒 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑚𝑒𝑟𝑔𝑖𝑛𝑔 𝑒𝑛𝑡𝑒𝑟𝑝𝑟𝑖𝑠𝑒 = {
1    𝑌𝑒𝑠
0    𝑁𝑜

 (7) 

iii) The influence of upstream and downstream enterprises (represented by A) is the non-
financial factor. We can obtain the influence of the upstream and downstream enterprises of 
the same enterprise according to the tax rate of different enterprises (tax rate = total tax 
amount/price tax), and then determine the influence of the upstream and downstream 
enterprises according to the proportion of the upstream and downstream of the input and 
output items.  

iv) Enterprise growth capacity. We use the equation below as the main factors to judge the 
growth ability and operation ability of an enterprise. The main definitions are as follows:  

 

𝐺𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑓𝑖𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑡ℎ 𝑦𝑒𝑎𝑟 

=
𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑓𝑖𝑡𝑠 𝑖𝑛 𝑖𝑡ℎ 𝑦𝑒𝑎𝑟 − 𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑓𝑖𝑡𝑠 𝑖𝑛 (𝑖 − 1)𝑡ℎ  𝑦𝑒𝑎𝑟

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑓𝑖𝑡𝑠 𝑖𝑛 (𝑖 − 1)𝑡ℎ 𝑦𝑒𝑎𝑟
  

(8) 

v) Solvency. We take the total gross profit of the enterprise (represented by S) as the main factor 
to evaluate the size of an enterprise. The size of the enterprise will directly determine the 
strength of the enterprise. In this way, the solvency of the enterprise can be further evaluated. 
This factor is one of the financial factors. The total gross profit of the enterprise is: 

 

Total sales of the enterprise-Total income of the enterprise= 

Taxable income amount of the enterprise= 

Total gross profit of the enterprise 

(9) 

Then different enterprises can be classified according to their annual income, and they can be 
specifically divided into three different sizes: the medium, the small and  the micro.[3]  

vi) Profitability. We take the total gross profit of an enterprise (represented by S) as the main 
factor to evaluate the profitability of an enterprise. The greater profit the enterprise owns, the 
stronger the profitability of the enterprise is.  
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vii) Stability coefficient of supply and demand relationship. Definition shows below: 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑠𝑢𝑝𝑝𝑙𝑦 𝑎𝑛𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 

= 𝛼(1 − 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑖𝑛𝑣𝑜𝑖𝑐𝑒 𝑤ℎ𝑒𝑛 𝑖𝑛𝑝𝑢𝑡) + (1 − 𝛼) 

∗ (1 − 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑖𝑛𝑣𝑜𝑖𝑐𝑒 𝑤ℎ𝑒𝑛 𝑜𝑢𝑡𝑝𝑢𝑡) 

(10) 

In the equation above, α=0.5. The larger the stability coefficient of supply and demand 
relationship is, the closer it is to 1.  

2.3. Establishment Of Credit Risk Quantitative Model 

We use the programming part in MATLAB to establish Principal Component Analysis 
Model(PCA)[4], and then processes the selected indicators in order to obtain the main factors 
affecting enterprise credit risk. According to the data of relevant enterprises, this paper selects 
five principal components, namely the total transaction success rate of the enterprise, the total 
annual profit, the total annual profit growth rate, the credit rating and whether the enterprise 
is an emerging enterprise, in order to conduct a quantitative analysis of the credit risk of the 
enterprise. After that, this paper constructs the judgment matrix M-C through the programming 
part in MATLAB. Then we compare the five elements in baseline layer C pairwise to obtain the 
comparison matrix, and obtain the weight by using eigenvalue method [5]. Finally, this paper 
uses TOPSIS method [6] to handle the previously five principal components obtained. 

The steps of TOPSIS method are shown in the figure below: 

 

 
Figure 1. The Steps of TOPSIS Method 

 

Finally, the credit risk quantitative score corresponding to each enterprise is obtained. The 
higher the score is, the lower the credit risk of the enterprise is. 
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3. Quantitative Analysis Of Credit Strategy 

3.1. Determination of Loan Interest Rate 

We use a loan pricing method based on RAROC model to determine the loan interest rates of 
enterprises with different credit ratings. 

The RAROC loan pricing method quantifies the expected loss of the loan, and regards the 
expected loss as a part of the cost that the loan should bear. When adjusting the loan income, it 
is considered together with the capital operating cost, to calculate the risk-adjusted income of 
the loan [7]. 

Based on the RAROC loan pricing model, the loan interest rate under the RAROC loan pricing 
method can be accurately calculated under the premise of known RAROC value, and RAROC 
value is the target profit value determined by commercial banks according to historical 
experience 

 
 

(11) 

In commercial banks, liabilities and self-owned capital jointly constitute the loanable capital of 
commercial banks, so the loan amount is equal to the shareholder's self-owned capital plus the 
deposit amount occupied by the loan. That is, loan funds = self-owned capital + occupied deposit 
amount (L=EC+D), that is, D=L-EC, which can be substituted into the above formula to solve the 
loan interest rate R: 

𝑟 =
(𝑅𝐴𝑅𝑂𝐶 − 𝐹𝑇𝑃) ∙ 𝐸𝐶

𝐿
+ 𝐹𝑇𝑃 + 𝐶 +

𝐸𝐿

𝐿
 

=Captial Gains Cost Difference×Economic Captial Occupancy÷Loan Amount+Captial 
Cost Rate+Operating Cost Rate+Expected Loss Rate 

(12) 

3.2. Determination of Loan Limit 

We determine the credit line allocated by the bank according to the size and strength of the 
enterprise. It is generally believed Banks are more inclined to lend to large businesses. 

 that the larger the size of the enterprise and the stronger the strength, the more likely it is to 
repay on time. In order to gain more profits and avoid risks as much as possible, banks will tend 
to provide more loans to large and powerful enterprises. 

Enterprise Income = Output Amount − Input Amount −(Output Tax − Input Tax) (13) 

So we can get the revenue of each enterprise. The income of the business can be used for the 
daily expenses of the business, the purchase of materials, and so on. We assume that a fixed 
proportion of the income of the business is used for debt repayment. The scale of the 
enterprise's own assets determines the solvency of the enterprise.  

According to the relationship between the loan r provided by the bank and the corresponding 
enterprise income h, the final loan to be granted by the bank to the enterprise is: 

 𝑓 = min (𝑟, ℎ) (14) 

When R > H, the bank can only provide the maximum amount of h to the enterprise at this time, 
otherwise, the enterprise cannot repay the debt, resulting in a great risk of loss of interest rate 
for the bank. When r<h, the bank only provides the maximum loan amount of r to the enterprise, 
otherwise there will be a greater risk of loss. 

At this point, we can get the expected income t of the bank: 

 𝑡 = ∑ 𝑓 × 𝑤

𝑛

𝑖=1

 (15) 

r= RAROC EC EL C L FTP D L + +  + （ ）/
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4. Conclusion 

We construct an index system to evaluate enterprise credit risk, which includes credit rating, 
stability of enterprise supply and demand relationship, enterprise development prospect, 
enterprise strength and enterprise debt paying ability. Then we determine the weight through 
the analytic hierarchy process and quantify it with TOPSIS. Finally, we establish the enterprise 
credit risk quantitative model with high applicability, and obtain good results in the solution of 
the problem. 

For the enterprises lacking credit rating, we establish XGBoost prediction model to get their 
credit rating, and the effect is remarkable. When considering the impact of emergent factors, 
the model can be modified in combination with the reality to obtain a reasonable model in line 
with the reality. 

The credit risk index system, enterprise credit risk quantitative model and bank credit strategy 
model established by us have certain practical uses. They can not only help banks allocate credit 
lines to enterprises and select appropriate interest rates, but also apply to many other aspects. 
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