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Abstract 
 

In this paper, we consider a modification of the genetic algorithm that affects the stage of formation of a 
new generation. It is what makes population size dynamically change. Depending on whether there is an 
improvement in the result of the algorithm in the current generation relative to the previous iteration or 
not, the population size will either increase or return to the standard one. If there is an improvement, then 
the size of the population increases, and if not, it returns to its original size. This model uses the change in 
species abundance in the real biological world. This method is considered in the context of applying to 
the solution of the problem of forming part of the bank’s loan portfolio, since this business process is 
poorly automated in commercial banking institutions at a given time. The method was studied and 
conclusions were drawn on its effectiveness based on the results. 
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1. Introduction 

A genetic algorithm is a special case of an iterative algorithm. It is looking for a global extremum 

of the function and, depending on how many iterations have been performed, the accuracy of the result is 

increased. The genetic algorithm imitates the evolution of the genotype in the real biological world, 

working with binary strings. Each iteration of the algorithm consists of several stages - initialization of a 

new generation, calculation of the fitness function, selection, crossbreeding, mutation, and the formation 

of a new generation. By modifying the algorithm in various ways, one can get a change in the quality of 

the result of the algorithm. 

The modification of the genetic algorithm described in this paper is considered in the context of 

applying to the solution of the problem of forming part of the bank’s loan portfolio. Commercial banks 

regularly receive many loan applications (Partovi & Matousek, 2019). The ability of a potential borrower 

to make loan payments is assessed in special departments of the bank, after which the banking institution 

raises the question of who approves the loan application and who does not (Bojnec et al., 2014; 

Yuzvovich et al, 2015). For each loan product, the bank has a limited amount of cash resources for its 

issuance. Also, the bank should not go beyond the general acceptable level of risk of non-payment by 

borrowers of funds (Gintschel & Hackethal, 2004). Therefore, only part of the applications is approved 

for a loan. From which the combination of approved and rejected applications will be selected depends on 

the income that the bank will receive. However, in most banking institutions, the process of compiling 

this list is poorly automated and manual. 

 

2. Problem Statement 

The task for which a modified genetic algorithm will be used is to form a list of approved and 

rejected applications for a specific loan product. For example, to obtain a loan for individuals. The goal is 

to maximize income from the generated list in the presence of strict restrictions on the amount allocated 

for the issuance of loans and the permissible percentage of losses from the expected income. Each 

application includes the interest rate, term, amount for the requested loan and the probability of default by 

the borrower of its obligations, which are input parameters received from the bank. To formalize the 

record of the task, the following notation is introduced: 

 F – The amount of money allocated for the issuance of loans. 

 N – Number of borrowers. 

 kj – Loan amount requested by the j-th borrower (j varies from 1 to N). 

 tj – The term for which the j-th borrower takes a loan. 

 xj – A Boolean variable that takes values: 1 if the loan kj is issued and 0 if the application is 

rejected. 

 dj – Interest for using j-th loan. 

 Pj – Probability of default by the jth borrower of obligations to repay the loan and interest on it. 

It makes sense for the estimated percentage of loan defaults and interest on it. It turns out 

during the expert evaluation of the application by the bank. In the framework of solving this 

problem, it is considered in the form of a coefficient obtained as an input parameter. 
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 ρ  – The allowable percentage of losses from the estimated income from all approved loan 

applications. In the framework of solving this problem, it is considered in the form of a 

coefficient obtained as an input parameter. 
 

The expected income from a combination of loan applications will be determined by the following 

formula: 
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Thus, we have a statement of the problem in general form: 
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These formulas were used to formulate the problem that the modified genetic algorithm should 

handle. 

 

3. Research Questions 

In this paper, we consider a modification of the genetic algorithm that affects the stage of 

formation of a new generation. It is what makes population size dynamically change. Depending on 

whether there is an improvement in the result of the algorithm in the current generation relative to the 

previous iteration or not, the population size will either increase or return to the standard one. If there is 

improvement, then the size of the population increases, and if not, it returns to its original size. This 

model uses the change in species abundance in the real biological world. This method is considered in the 

context of applying to the solution of the problem of forming part of the bank’s loan portfolio, since this 
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business process is poorly automated in commercial banking institutions at a given time. The method was 

studied and conclusions were drawn on its effectiveness based on the results. 

 

4. Purpose of the Study 

To solve this problem, it is proposed to use a modified genetic algorithm. It is proposed to modify 

the stage of formation of a new generation. In the standard genetic algorithm, the population size of each 

generation is fixed and does not change. It is proposed to make it dynamic. The change in population size 

during the formation of a new generation will depend on whether there has been a positive change in the 

best result of the current generation relative to the previous one, that is, whether the value of its fitness 

function has been increased relative to the previous iteration of the algorithm. If there is an improvement 

in the result, then it is proposed to increase the size of the population of the new generation, and if there is 

no improvement, then return the size of the population to the standard value. This approach simulates a 

change in the population of a species in the real biological world (Rizk-Allah, 2017; Semenkin & 

Kleshkov, 2006; Tynchenko et al., 2018). 

 

5. Research Methods 

If a species of animals as a result of evolution appears a sign that allows them to better adapt to the 

environment, then, as a rule, the number of species increases. The described modification can presumably 

have the following effect on the formation of the final result of the algorithm. The essence of the 

formation of a new generation in the process of the algorithm is that it is used in the next iteration, going 

through all stages of the algorithm in order. The new generation is formed from parents, descendants and 

the best results of the current iteration (Bakdi, 2018; Tynchenko et al, 2018).  

The algorithm, in search of a global extremum, calculates the values of the fitness function for 

each individual - a number in the range from zero to one and performs the process of searching for a 

global extremum based on this value. Therefore, the more individuals in a new generation of individuals 

with a higher value of the fitness function, the higher the likelihood that a better solution will be found in 

the next iteration. And the proposed modification just increases the size of the population if the value of 

the fitness function of the best result in the current iteration is higher than in the previous one. And if such 

a condition is met, then this means that individuals of a new generation are more likely to have a higher 

value of the fitness function. And accordingly, an increase in their number can increase the quality of the 

algorithm. In other words, if the algorithm goes on the “right path”, then we give it the opportunity to 

better follow this path, and if it goes astray this way, then on the contrary, let it know about it.For clarity, 

we can imagine the effect of modification on the result of the algorithm in the form of formulas. We 

introduce the following notation: 
 

 Pi– The probability of improving the result in the i + 1 iteration. 

 Ki – The number of individuals in generation i. 

 Fi – The value of the fitness function of the best individual in the i iteration. 

 b – The coefficient of dependence of Pi on Pi-1. 

 I – Iteration number. 

http://dx.doi.org/
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 s – Multiplier of the number of individuals in the population. 
 

Then: 

 

1
1 1
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= ,                                     (6) 

 

This formula clearly shows what values Pi depends on and whether Pi will increase or decrease when 

these values change, but it does not show how specifically. The coefficient b is entered in this case to 

simplify the formula. In this case is introduced to simplify the formula. The modification increases the 

number of individuals Ki by s times ifFi> Fi-1 .On the formula, it will look like this: 
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The formula shows that the proposed modification of the genetic algorithm increases Pi –the 

probability that a better result will be found in the current iteration than in the previous one, which 

increases the quality of the algorithm as a whole. 

The algorithm can be represented in the form of a flowchart (figure 01). 
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Figure 1. The sequence of actions of one iteration of the algorithm 

 
To verify the above assumption, the modification was implemented as an application that solves 

the problem of forming part of the bank’s loan portfolio (figure 02). 
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Figure 2. The interface of the developed application 
 

The following data were used as input values (table 01): 1200000rub. - the amount of money 

allocated for the issuance of loans, 0.04 - the permissible percentage of losses from the estimated income 

received from all approved loan applications (in the form of a coefficient). 
 

Table 1. Test sample (fragment) 

№ k d 

 

t P 

1 

 

100000 18 25 0.066 

2 

 

91563 26 20 0.086 

3 

 

56345 31 29 0.042 

… … … … … 

36 

 

29155 23 29 0.014 

37 

 

75764 30 28 0.025 

38 

 

92846 19 29 0.101 

39 

 

98310 29 19 0.087 

40 

 

67594 11 20 0.019 

41 

 

82930 25 16 0.093 

42 

 

71720 19 36 0.085 

43 

 

27755 18 32 0.07 

44 

 

84881 15 18 0.027 

45 

 

15354 11 35 0.1 

46 

 

53472 19 27 0.023 

47 

 

83513 10 26 0.09 

48 

 

19714 14 35 0.088 

49 

 

97622 22 35 0.042 

50 

 

63812 13 25 0.094 
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50 runs of the algorithm were tested with and without modification. Each run included 100 

iterations (generations). The results are presented in figure 03. 
 

 
Figure 3. A graph showing the difference in the operation of the algorithm with and without 

modification. 1 - No modification; 2 - With modification; OX - Launch Number; OY - The result of the 
algorithm 

 

6. Findings 

As you can see, the result of the algorithm has become better. A new best solution to the problem 

was found. A check was also made of starting from which iteration of the algorithm the result ceased to 

improve. The results are presented in figure 04. 

As you can see, the modified algorithm ceased to improve the result of its work earlier than the 

algorithm without modification. Given that he found better results, we can conclude that he finds the best 

result faster. 

The above approach can be applied to solve the problem of forming part of the loan portfolio of 

the bank. This problem has a great dimension when it comes to the functioning of real banking 

institutions, which is the reason for the impossibility of using deterministic mathematical methods to 

solve it. Since the result of solving this problem will be a list of approved and rejected applications for a 

loan product, it can be presented in the form of a binary line in which the unit will indicate approval of 

the loan application, and zero - denial. With this formulation of the problem, the use of a genetic 

algorithm to solve it is quite convenient and justified. 
 

 
 

Figure 4. A graph showing since which iteration the result has ceased to improve: 1 - with no 
modification; 2 - with modification; OX - launch number; OY - number of iterations at which the result 

ceased to improve 
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7. Conclusion 

Based on the analysis and testing results of the proposed modification of the genetic algorithm, it 

was concluded that the use of such a modification can significantly improve the result of the algorithm. 

Also, the described method is suitable for solving the problem of forming part of a bank's loan portfolio. 

Its use in this area can significantly increase the income of commercial banking organizations. 
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