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Abstract
Support vector machines have more applications in the field of credit evaluation, and the
parameters of support vector machines have a greater impact on the classification effect.
Therefore, the particle swarm optimization algorithm is used to optimize its parameters,
and the experimental data is combined with the information gain method to reduce
dimensionality After processing, a good classification effect and accuracy are obtained.
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1. Introduction
Regarding the issue of personal credit evaluation, the United States has proposed a FICO
scoring system to assess the risk of default. The domestic credit system is developing day by
day. Liu Xiaoya and others use the C 4.5 algorithm to optimize support vector machines to
evaluate the credit system[1]. Li Jiarong and others used BP neural network to evaluate the
personal credit risk of p 2 p online loans[2] [3], Li Kun and Tian Jiawu et al. Comprehensively
compared seven methods of Lasso  log istic method, log istic regression, linear discriminant
analysis method, nearest neighbor classification algorithm, support vector machine, BP
neural network The algorithm has higher prediction accuracy of the nonlinear classification
model[4], while the accuracy and generalization ability of the support vector machine model
are slightly better than the logistic regression method [5].
Statistical methods have higher requirements on the original data. In the development of
artificial intelligence in recent years, for example, Liu Xiaoya used decision trees and improved
DS evidence theory to obtain the final results of credit evaluation[6], which improved the anti‐
noise ability and generalization ability. Reference[7] uses K‐fold cross‐validation to optimize
the parameters of the support vector machine, but the accuracy is not high. When comparing
the genetic algorithm, gray wolf optimization algorithm, and ant colony algorithm to optimize
the SVM parameters, the particle swarm algorithm Has the best convergence. In reference [8],
the particle swarm optimization algorithm with fast search feature is used to optimize the
parameters of the support vector machine, and a better evaluation effect is obtained. In order
to solve the shortcomings of the traditional single method in credit evaluation, the combination
of models to avoid weaknesses can further improve the accuracy of credit evaluation.
In summary, combining the classification advantages of support vector machines, this paper
combines the C 4.5 decision tree algorithm to perform index screening, and combines the
particle swarm optimization algorithm with support vector machines to optimize its
parameters.
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2. Introduction to Theory
2.1.

Support Vector Machine Theory

Support vector machine (
) is a supervised learning model and a data analysis model used
for classification problems and regression analysis.
For the binary classification problem, it is assumed that there are sample points:
X   x1 , y1  ,  x2 , y2  ,...,  xn , yn  , y  1,1

Among them, the point that determines the maximum distance that the hyperplane can move
is called the support vector. The interval is defined as: the sum of the distance between two
heterogeneous support vectors to the hyperplane, namely:
M

2
w

For the sample points, when the distance between the sample points and the hyperplane is the
largest, the expected classification error is the smallest and the classification effect is the best.
Under the condition of the largest interval, the constraint conditions are obtained:
1 T

min   x   w w
2

 yi ( w  xi  b)  1  0

Where w represents the normal vector with the direction perpendicular to the hyperplane, x
represents the sample point vector, and b is a constant. The above convex quadratic
programming problem can be solved according to the duality theory, and the decision function
is:
 l

f  x   sign   ai yi xi  x  b 
 i 1

x is the sample vector to be tested, xi is the support vector, and xi  x is the inner product of the

two vectors.
For non‐linear problems, the original space can not be better classified with a linear classifier.
The original sample is mapped to the p dimension from the original dimension through the
kernel function [9] k  a, b  . The original sample vector can be separated by the hyperplane in the
p‐dimensional space. Kernel functions include Gaussian kernel functions, polynomial kernel
functions, linear kernel functions, etc. k  a, b  can simplify the inner product operation and
satisfy:
k  a, b  :  a  b  1    a     b 
2

  a     b  means that the original sample is mapped into the p‐dimensional space for inner
product, and a, b  0 means any vector. Therefore, the relaxation variable i , i  0  and the
penalty parameter C are introduced, and the constraints become:

1 T
 n 
min   x   w w    i 
2

 i 1 
 y ( w  x  b)  1  0
i
 i

According to the dual theory, the decision function is:
l

f ( x)  sign( ai yi k  xi , yi   b)
i 1

This article uses Gaussian kernel functions:
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 x y
k  x, y   exp  

2 2


2.2.

2






Theoretical Basis of Particle Swarm Optimization

The particle swarm algorithm (
) simulates the bird's foraging behavior. The bird swarm
finds the optimal foraging destination through internal cooperation, that is, iteratively searches
for the global optimal solution
1. Particle swarm optimization process
Let n particles form a group in the M ‐dimensional search space, and the position vector of the
i ‐th particle is expressed as:
xi   xi1 , xi 2 ,..., xiM  , i  1, 2...n

The velocity vector is expressed as:

vi   vi1 , vi 2 ,..., viM  , i  1, 2...n

Then the iteration formula of velocity vector is as follows:

k 1
k
k
k
vim
 wvim
 c1r1  pim
 xim
  c2 r2  pgmk  ximk 

The iteration formula of the position vector is as follows:
k 1
k
k 1
xim
 xim
 vim

Where i  1, 2,..., n; m  1, 2,..., M is the number of iterations, k is the learning factor, c1 , c2 is a non‐
negative constant, r1 , r2 is a random number in the interval [0,1], w is the determined inertial
k
weight, vim   vmax , vmax  , vmax is a constant, set according to the actual problem space, pimk and p gm
are the optimal particle position and the global optimal position retrieved by the i th particle
iteration number for k times, respectively.

2.3.

Theoretical Basis of the Information Gain Method

The information gain method is a method that uses its information entropy for feature selection.
By calculating the information gain rate ranking of each indicator, the indicators are further
screened.
The calculation formula of the information gain rate is:
GainRatio  D, A 

Gain  D, A 

SplitInformation  S , A

Among them, SplitInformation  S , A is defined as the amount of split information of attribute A .

3. Data Preprocessing
In this paper, the experimental data is selected from 1000 customer data of the German credit
database in the public data set of the machine learning library. Through matlab programming,
the information gain rate of 20 indicators is calculated as:
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Table 1: Information gain rate of each index
index
A1
A2
A3
A4
A5
A6
A7
A8
A9
A10

Information gain rate
22.9
0.01
0.01
4.67
0.01
0.06
20.91
0.00
0.01
0.02

index
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20

Information gain rate
0.01
0.03
0.01
0.04
2.19
0.01
0.02
0.01
0.02
0.01

According to the results, the A8 index information gain rate is 0, which is not considered and is
deleted from the experimental data. Then divide the experimental data data indicators of this
article into personal indicators and credit indicators. The data is divided into positive indicators
and negative indicators, that is, the larger the positive indicator, the better the impact on the
results, and the smaller the negative indicator, the smaller the impact on the results. That is,
personal credit indicators: working years (+), gender and marital status (+), current residence
years (+), age (+), housing status (+), occupation type (+), telephone (+) credit Indicators:
property status (‐), other installments (+), other debtors / guarantors (+), savings accounts,
debt disposable income percentage (‐), credit amount, loan use, current demand deposit status,
loan term Credit history (‐), the number of current loans in the bank (‐), and the number of
people to be undertaken (‐).
Then use the following data to classify the indicators:
Positive index processing formula:
yij 

max  yij   yij

max  yij   min  y j 
1 i  n

Negative indicator processing formula:
yij 

yij  min  yij 

max  yij   min  y j 
1 i  n

 1,  j  1, 2...m 

1 i  n

 1,  j  1, 2...m 

1 i  n

4. Solving the Model
4.1.

Evaluation Index of the Model

According to the research in [1], the classification model evaluation method F score F  score
and accuracy rate ( accuracy ) are used to evaluate the model. Among them, F  score is
comprehensively considered according to the recall rate and the accuracy rate . The calculation
formula is:
F  score  1   2 

precision  recall

 2  precision  recall

 represents the weight of the recall rate and the accuracy rate,  is greater than one,

indicating that the recall rate is more important, otherwise, less than one accuracy rate is more
important, this article takes   1 .
Among them, the structure matrix of credit classification problem introducing confusion matrix:
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TP FP 
 FN TN 


TP means credit is really good, FP means credit is good, FN means credit is bad, and TN

means credit is really bad.
Then the recall rate and accuracy rate can be expressed as:
recall 

TP
TP
, precision=
TP  FN
TP  FP

At the same time, the accuracy rate is expressed as:
accuracy 

4.2.

TP  TN
TP  FN  FP  TN

Preliminary Study of Optimization Parameters

Set the training set and test set in a 4: 1 ratio, and use matlab2016a to program. The sample data
is divided into 800 training sets and 200 test sets. First, according to the support vector machine
classifier of the default kernel function parameters, the results can be obtained as:
accuracy  74.5%, F  score  46%

4.3.

Parameters Optimized by Particle Swarm Optimization

Set the penalty parameter SVM and Gaussian kernel function parameter C of gamma to the
initial position x and velocity v . Through the iterative update through the above function,
searching for the optimal particle on the basis of determining the constraint conditions, the
optimal parameter combination can be screened out.
Use PSO to optimize SVM parameter combination steps:
step1 : Set the initial value of the particle, that is, the initial value of the penalty parameter C
and the parameter gamma of the kernel function, and set the population size of the particle.
step 2 : Evaluate the fitness of each particle and find the initial fitness value. Perform cross‐
validation first, and use the value of cross‐validation as the fitness value.
step3 : Compare the optimal value of each particle with the fitness value. If it is greater than the
fitness value, select the value to replace the fitness value.
step 4 : Compare the fitness value of each particle with the optimal value of the best globally
experienced position. If the value is larger, reset the global optimal fitness value and update it
according to the above formula.
step5 : If the condition is met, the optimal  C , gamma  parameter combination is obtained. If the
condition is not met, return to x to continue the iteration.
step 6 : Get the optimal  C , gamma  parameter combination, and continue to solve the
classification function according to the problem‐solving step of svm .

4.4.

Determination of Classification Results

The results of each initial value are shown in Table 2:
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Table 2: Initial values of particle swarm optimization
parameter
Value
parameter
c1
v
1.5
k

1.7
0.6

popc min

Value
3
200
0.1

wp

1

popg min

0.001

wv

1

pc max

100

c2

max gen

According to multiple iterations, the result is:
Training set:
accuracy  100%, F  score  100%

Test set:
accuracy  96%, F  score  87%

Obviously, both the accuracy and the F score are significantly improved. [10]

5. Evaluation and Promotion of the Model
Personal credit evaluation is of great significance to personal credit. Support vector machine is
a relatively mature machine learning algorithm. The information gain method and algorithm
are used to optimize parameters, which improves the accuracy of the experiment, improves the
classification effect of the classifier, and also has better use value. However, this paper only uses
algorithms to solve the two‐class classification problem, and the multi‐class classification
problem remains to be studied.
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