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Abstract - In the problems of risk identification, the imbalance of bank customer’s information should be considered and a 
remedy should be adopted for them; because, it is very effective on the model efficiency. Also, the known algorithms with 
supervisor like neural networks were used for improvement of results. The time of learning and constructing the model in the 
neural networks is longer, but, the time of testing it is short. Imbalance of data is very effective on learning in neural 
networks and accuracy of its results, and the rate of learning the data sample with less size is lower. In this research, a 
combinative method including support vector machine of particles swarm optimization was presented so that through it, we 
can discern more number of risks with more accuracy and less cost. The results of this research show that by using this 
combination, the accuracy of this method has been increased more than the neural network method and basic support vector 
machine and also, the discernment rate has been optimized in comparison with two main methods. 
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I. INTRODUCTION 
 
Nowadays, the combinative background in banking 
industry has been changed significantly. The cause of 
this affair in fact includes some factors like new laws, 
globalization and technology development, 
conversion of bank services to the product and 
significant increase of customers' demand. 
Transformation in the bank activities and increase of 
banks complexity have created new discussions like 
fraud in the bank domain. Development of new 
technologies has opened many ways for fraudulent 
and criminal persons to be able to commit fraud [2-1]. 
Creation of a new information system, techniques of 
fraud identification, in addition to identify and 
analyze the frauds and scams accomplished in an 
organization, somehow by cognizing the behavior of 
users or customers, has tried in predicting their future 
behavior and reduces the risk of doing the frauds [4]. 
In the real world, the data are usually imbalanced, in 
a manner that some classes have more number of 
samples than other classes. Of course, the imbalance 
degree (the ratio of the number of majority class 
samples to the number of minority class samples) 
may be low or high [5].Most of the classification 
algorithms assume that distribution of classes is alike 
and in the event that distribution of classes is 
imbalanced, these algorithms will have problem in 
their discernment and practically, they will be tended 
toward majority class and the minority class in which 
the number of data is very low, is mostly ignored [6]. 
Sampling is one of the methods of overcoming on 
learning problems in imbalanced data [7]. In this 
method, with the aim of balancing the data set, a 
series of mechanisms is used for changing the 
imbalanced data set. The studies show that most of 
the basic classifications have better act on balanced 
data and this is a satisfying cause for using the 

sampling technique [8-9-10-11]. Due to the very 
direct and indirect costs of fraud, the banks and 
financial and monetary institutes severely seek to 
accelerate and increase the speed of act in cognizing 
the activities of swindlers and defrauders. This affair 
due to its direct effect on serving the customers of 
banks and institutes is to reduce the operational costs 
and be remained as a presenter of valid and reliable 
financial services [13]. Therefore, applying the 
techniques of identifying the fraud in order to prevent 
from deceitfully acts in the banking system is 
unavoidable. With regard to the issues, the classifier 
and its structure, each one, has its special difficulties 
and advantages and no classifier can be found that 
doesn’t have any fault and difficulty. These 
difficulties can be reduced only by combination of 
them and the weakness points of one of them can be 
covered by the strength points of another one. Some 
reasons which cause lack of cancellation of credit risk 
of banks, are as follows: 
1. Lack of considering all specifications and elements 
of classification. There are also some specifications 
which have occurred during special economic 
situation that prediction of this situation is an 
impossible affair.  
2. Existence of obtrusive specifications and elements 
that only have caused the increase of calculation 
volume and have no effect on classification. These 
elements in addition to increase the calculation 
volume, have had bad effect on classification and 
deviate the path of classifiers. 
In this paper, a method according to the support 
vector machine and algorithm of particles swarm 
optimization will be presented for evaluation of credit 
risk of customers.  
2- The suggested method 
As it was mentioned, types of problems can be 
created in the act of customer’s classification and 
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their classification can make a mistake. To solve the 
first problem, we need to add the useful and effective 
specifications in the act of classification that needs 
the investigative work, brief study of banking system 
and bank's customers socially. But, two other 
difficulties can be reduced by computer and 
calculation algorithms. In this paper, also, the aim is 
to reduce these two problems. The main problem with 
support vector machine is the number of those 
parameters which should be regulated before any type 
of test. With regard to this issue that there is no 
specified law for regulation of these parameters, but, 
correct determination of it causes the success of 
education. In this type of cases, selection of expert 
person can be wrong or inappropriate. Using the 
optimization algorithms like the particles swarm 
algorithm can be very useful for selection of optimum 
structure. In this event, each generation of the society 
will be a unique support vector machine in this form 
that the particles swarm algorithm should find the 
appropriate structure of the support vector machine, 
in this event, the support vector machine itself should 
be the fitness function. The tests done in this paper 
consist of: 
1. In the first test, at first, the effect of reducing the 
dimension has been studied by using PCA and we 
will do the test for reduced dimensions of 5, 7, 10, 12 
and 15.  
2. The support vector machine optimized by the 
algorithm of the particles swarm optimization of 
model. In the continuation, we will study each one of 
the tests. 
3- The suggested method 
As we mentioned above, the suggested method has 
several stages that in the continuation, we explain 
each one of them. 
3-1- Reading the data set 
In this stage, the bank's customers with a specificity 
which has been defined in the data base of EDGAR, 
are read as input. It can be mentioned that the 
customers of different banks can be used as input and 
also, the desirable specificities can be added to it or 
diminished from it. 
3-2- Preparation of data 
Since, in the intended data set, the data don’t have an 
alike format, in this stage, they should become 
uniform and homogenous and after it, the clearance 
and amalgamation should be done which is 
practically a difficult and time-consuming work. 
Elimination of some records and fields from 
accomplished works is done in this stage and we 
eliminated many records which have been 
unnecessary and didn’t help in construction of a good 
classification and identification of bad customers and 
we reduce the data volume. Sometimes, in the initial 
data set, there were blank amounts in the fields of 
some records or in some cases, the amounts allocated 
to the variables were wrong which were corrected or 
eliminated. In this stage, despite of clearance and pre-
processing of data, a number of customers that had 

insufficient information, was eliminated from the data 
set. 
3-3- Reduction of dimensions by PCA 
PCA is a method without control. This method 
reduces the dimension in a manner that separability of 
classes is protected as far as possible. PCA technique 
is the best method to reduce the dimensions of data in 
linear form. Namely, by eliminating the 
inconsequential coefficients gained from this 
conversion, the lost information is less than the other 
methods. Of course, application of PCA isn’t limited 
to reduce the dimensions of data and is used in other 
fields like identification of pattern and discernment of 
face too [15]. In this method, new coordinates axes 
have been defined for data and the data are expressed 
according to these new coordinates axes. The first 
axis should be placed in a manner that the variance of 
data is maximized. In this same order, the next axes 
perpendicular on all previous axes are placed in a 
manner that the data have the most distribution in that 
direction. In the following figure, this issue has been 
shown for two-dimensional data [16].  
3-4- Incarnation of data 
Since, this set of data includes disconnected 
information (like marriage status specificity), so, this 
type of nominal arrays should be converted to the 
logical ones. The logical array is placed in the path of 
specificities in the form of zero and one. In the figure 
(1), for incarnation of this conversion, we showed the 
data in the form of two distinct classes so that we 
could observe their distribution. 
As we know, there have been 16 specificities in the 
data set and for drawing them, we reduced them up to 
two dimensions. Our outcome is this issue that 
whether the customer is the member of deposit with 
due date or not. And this issue has been shown in the 
binary form of yes and no in this figure.  

 

 
Figure 1: Information and data distribution 

 
3-5- The particles swarm optimization 
The particles swarm optimization is an algorithm for 
strong and efficient evolutionary calculations and it 
was developed by Kennedy and Eberhart in 1995. 
This is an optimization method based on population 
in which population is named group. A group formed 
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from particles N which are moving around D-
dimensional search space. In this state in algorithm, 
the situation of ith particle in each group is defined in 
the form of  and 

the speed for ith particle of algorithm can be written 
in the form of   [8]. 

The outset of doing the particles swarm optimization 
is in this form that a group of particles (solutions) is 
created randomly and by updating the generations, 
they try to find the optimum solution. In the initial 
stage of giving the amounts, the initial population of 
particles should be created. In the particles 
optimization algorithm, each particle in fact shows a 
solution of problem and a solution, here, is the same 
path of vehicle that in each step, each path is updated 
by using two best amounts. The first case is the best 
situation that the particle already has succeeded for 
reaching to it. The mentioned situation is known with 
the name of pbest. If we define the situation of 
particles in the form of , 
the best situation of ith particle will be named Pbest. If 
we define the amount of these situations which have 
been already gained by in the form of 

, we will name the best value 
of this set, . 
The initial amounts are given to PSO by random 

particles population. Then, the algorithm with search 
is executed for optimum solutions and consequently, 
it does the generation updating. In each generation, 
the situation and speed of ith particle are shown by 

 and   and are updated by using the 
relations (1) and (2) [8]. 

 
           

(1) 

                                                                                                               
(2) 
In the above relations,  and  are the random 
numbers in the range of (0,1).  and  are the fixed 
amounts of acceleration that undertake the control 
and manner of the round of a movement particle in a 

generation. The speeds of  and   in order 

show the speed of old and new particles.  and 
 in order show the current and updated situation 

of particle. W is the inertia weight which has been 
defined for controlling the effect of previous speed of 
particles in a flow. The general performance of 
particles optimization algorithm can be shown in the 
form of figure (2).

 

 
Figure 2- The general performance of PSO algorithm 

  
3-6- The support vector machine 
In this stage, the prepared data are educated by the 
algorithm of non-linear two-class support vector 
machine. The support vector machine is a binary 
classification which acts by using the data mapping 
from the main entrance space to a space with higher 

dimension for separation of them. This model 
searches a super-page that its distance with data of 
two classes is maximum. In this method, it is tried 
that for gaining the border of classes, a system with 
minimum capacity or in better words, a system with 
minimum complexity to be implemented. 
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Consequently, the support vector machine by using 
less educational data than competitor methods can 
estimate the borders of system with an appropriate 
accuracy, without defacing the system 
generalizability. In fact, the main aim of the classifier 
of support vector machine is to achieve a function of 

 which is the super-page determinative. This 
super-page separates two classes from each other 
optimally. Consider the following linear sample set 
[3]: 

 
 (3) 
In the above relation,  is the input of problem and 

 is the outcome corresponding to it and they are 
considered as the 
class labels. The 
general form of 
separator linear 

function is shown in the form of relation (4). 

                                                                                                                          
(4) 
In this relation,  shows the internal 
multiplication of vectors w and x. An optimum 
classification is resulted when the following relation 
is established. 

                                                                                                                             
(5) 
The optimum classification under the linear 
conditions can be gained from the relation (6). 

                       
 (6) 
In the suggested method that non-linear classification 
is used, the non-linear mapping from a low-
dimensional sample to a higher dimensional 
specificity space is utilized. Then, by using Kernel's 

function of  the linear classification is 
converted to the non-linear classification in this 
space. Therefore, the non-linear classification space is 
gained by using the relation (7) [1]: 

                                                                                 
(7) 
 
1-The results of tests 
To compare the classifiers, some standards and 
criteria should be introduced. There are different 
criteria for evaluation and comparison of classifiers 
with each other. The criteria that we use in 
evaluation, are used when the classification has been 
exerted on two classes and the desirable and 
undesirable classes are discerned. We define these 
criteria as follows: 
The True Positive: This criterion which is also known 
as TP, shows this issue that what number of those 
data that belong to the positive class, is discerned 

true. In other words, when we assume one of the 
classes positive and another one is assumed negative, 
this criterion occurs in a time that the classifier 
discerns the positive classes truly. 
The False Positive: This criterion which is also said 
FP, shows the percent of the number of those data 
which belong to the negative class and the classifier 
classifies them positive falsely. 
The True Negative: This criterion which is also said 
TN, shows the percent of those data which have 
belonged to the negative class and the classifier 
classifies them truly and belonging to the negative 
class. 
The False Negative: This criterion which is also said 
FN, expresses the percent of those data which belong 
to the positive class, but, their classifier attributes to 
the negative class. 
Specificity: It shows the ratio of the true negative to 
the sum of negative elements: 

(8) 
Accuracy: It shows the sensitivity which expresses 
the percent of the ratio of true discernment to the sum 
of discernments: 

                                                                                                   
(9) 
3-7- The results gained from the first test 
To evaluate the results gained from this test, we have 
used according to those criteria that we mentioned 
above. In the event of reduction of data dimensions to 
5 numbers, the results of table 1 have been gained. As 
it is clear from the table, the accuracy of classification 
in the combination of type 2 is better than type 1 and 
an accuracy about 77.22 percent can be considered 
for quintuple specificity space. 
1- The results of data classification with quintuple 
specificity space 

 

 
 
We have brought the results of data classification 
with septet specificity space in the table 2. By 
reduction of specificity space to 7 numbers, the 
accuracy in the combination of type 2 becomes better 
than type 1 and it hasn’t been changed remarkably in 
comparison with quintuple specificity space. In this 
specificity space, we consider the accuracy of 
combination of type 2 which is equal to 77.99 percent 
as the accuracy of reduction of dimensions to septet 
specificity space. 
2-The results of data classification with septet 
specificity space 
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In the table 3, we showed the results of data 
classification with decuple specificity space for two 
types of combination. In this table, the combination 
of types 1 and 2 hasn’t had much effect on 
classification accuracy than two previous dimensions. 
And for decuple specificity space,  our accuracy is 
about 78.18 percent. 
3-The results of data classification with decuple 
specificity space 

 

 
 
We showed that the results of data classification with 
a space including 12 specificities in the table 4. In 
this table, both types of combination have a good 
accuracy than the previous specificity spaces in a 
manner that this accuracy has been gained for 
combination of types 1 and 2 in order equal to 77.67 
and 78.28 percent. 
4-The results of data classification with a space 
including 12 specificities 

 

 

 
 
Similarly, the results of data classification with a 
space including fifteen specificities have been 
mentioned in the table 5. In this space, also, both 
combinations have a good accuracy, but, it has been 
reduced in comparison with a space including 12 
specificities and for combination of types 1 and 2, it 
has been gained in order equal to 78.38 and 87.18 
percent.  
 
5-The results of data classification with a space 
including fifteen specificities 

 

 
 
With regard to the results gained from above tables, it 
can be concluded that reduction of dimension to 12 
specificities has the best conditions for suggested 
methods of this paper. So, hereafter, we change the 
specificity space to 12 and we also change other 
variables. So, in the first test, the best amount of 
accuracy has been gained equal to 78.28 percent. 
3-8- The results gained from the second test 
The results of changing the structure of this network 
for the second test have been shown in the table 6. 
With regard to the results gained from changing the 
structure of support vector machine to CMC2 state, it 
doesn’t have better performance than other five 
suggested states and gives an accuracy equal to 50.16 
percent to us. 
 
This issue that we use a combination which is the 
sigmoid activation function of outcome, will give us 
better results, in a manner that in the table 4, for 
changing the CMC1 structure, our accuracy has 
reached to 77.77 percent. 
6- The simulation results of support vector 
machine for combination of type 1 in the first test 

 

 
 
So, it can be said that change in the structure of 
support vector machine has an important role in 
classification of information and increase of 
accuracy. 
 
The results of the second test with change in the size 
of support vector machine for the first test are in the 
form of table 7. With regard to the results of this 
table, combination (CMC21) has a higher accuracy 
than other combinations and the combination of 
CMC26 gives an accuracy equal to 77.22 percent to 
us. 
 
7- The results of the second test with change of 
support vector machine for the first test 
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Generally, it can be concluded from the second test 
that change in the structure of support vector machine 
has much effect on increase or decrease of accuracy 
of data classification and the highest amount of 
accuracy in this test is considered equal to 78.28 
percent. 
 
CONCLUSION 
 
In this paper, the stages of classifying the bank 
customer’s information including demonstration of 
documents and reduction of dimensions, construction 
and combination of classifier and data classification 
have been discussed and studied with complete 
details and with regard to the numerous tests which 
were done in this paper, the following results can be 
mentioned: 
1.The amount of accuracy by using the suggested 
combinative method has been approximately 
improved in order equal to eight, three and two 
percent in comparison with linear regression, decision 
tree and support vector machine methods. So, 
combining the methods of support vector machine 
and decision tree has better performance than each 
one of them in classifying the bank customers and 
this result can be known as the strength point of 
suggested method. 
2. The tests showed that in comparison of 
classifications by suggested method, the classifier of 
support vector machine with 79 percent has had the 
most amount of accuracy in the system. This means 
that combination of support vector machine with 
particles swarm is appropriate for classifying the 
bank customers. 
According to the accomplished studies, each one of 
the classifiers has had its advantages and faults and 
none of them has superiority over another one 

absolutely. 
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