
International Journal of Research in management                                                                                ISSN 2249-5908          

Available online on http://www.rspublication.com/ijrm/ijrm_index.htm                  Issue 2, Vol. 6 (November-2012) 

 Page 121 
 

Evaluating the efficiency of genetic algorithm in determining the optimal capital structure 

of subset firms of Social Security Investment Company 

Mohammad Reza Shoorvarzy, Associ. Prof. Dr. 

Department of accounting, Neyshabur Branch, Islamic Azad University, Neyshabur, Iran 

Mohsen Moradi, Associ. Prof. Dr. 

Department Of Management, Imam  Reza  University 

Farhad Koohkan 

Department of accounting, Kashmar Branch, Islamic Azad University, Kashmar, Iran 

Seyed mohammad Ahmadi 

Department of Management, Neyshabur Branch, Islamic Azad University, Neyshabur, Iran 

______________________________________________________________________________ 

Abstract 

Making decision on capital structure is one of the most difficult and challenging issues for the 

companies while it is the most crucial decision in their sustenance. After studying the correlation 

between capital structure and profitability of subset firms of social Security Investment Company 

and ensuring that there is a meaningful relation between the two variables, this study addresses 

determining capital structure at the level of all companies and also at the level of different 

industries. The result of correlation shows that the relation between capital structure and 

profitability depends on the definition of profitability variable. Due to the meaningful relation 

between capital structure and rate of return on assets at the level of all firms and also different 

industries, this variable is used as a measure of profitability and a determinant of capital structure 

on genetic algorithm. Genetic algorithm is used to model the input data (capital structure) and 

output (rate of return on assets) of support vector regression and to determine the optimal capital 

structure. The results of the genetic algorithm show that the maximum profitability is resulted for 

less usage of financial leverage (debt). 
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 ______________________________________________________________________________

 

1. Introduction 

 Providing the required financial resources is one of the most significant components of each 

economic activity. The required financial resources can be provided by equity and debt and 

capital structure is reflected by the mix of debt and equity.[12] In current changing situation, 

grading the companies based on their credit is almost dependent upon their capital structure. This 

strategic planning contributes to selecting effective resources aimed at maximizing shareholders’ 

wealth.[11] Decisions on financing which finally determines the financial structure of the 

company is highly significant since such decisions result in company’s access or lack of access 

to “optimal capital structure”.[24] 

 

2.  Theoretical Research  

Many studies have been carried out about optimal capital structure, each of which examines the 

effective factors on capital structure from a different point of view. The subject of capital 

structure is based on the concept called Partial Equilibrium Analysis
1
 by the economists. [22] 
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The novel theory of capital structure was presented by Miller Modigliani’s article in 1958. They 

revolutionized the capital structure literature by an article named “The Cost of Capital, 

Corporation Finance, and The Theory of Investment”.[14] Totally, previous researches in the 

literature of capital structure and subclass of determining effective variables and modeling the 

issue by econometrics approach can be categorized in three classes. The first class is the studies 

which have been tried to identify effective factors according to Trade-Off Theory of capital 

structure. These variables are considered to be the indicators of interest and costs of debt in 

capital structure such as tax rate, growth opportunities, firm size, tangible assets or the structure 

of assets, business risk, debt coverage ratio, and payment of interest. The second class is the 

studies which introduce new variables in the issue of capital structure and a theory was based 

upon that. The third class is those that investigate the relation between debt ratio with some 

environmental and contingency variables, market variables, and macroeconomic indices. Among 

these variables, one can refer to tax regulations, price-earnings ratio, return and etc. the relevancy 

of this study is based on this introduction that achieving a reliable method to determine the 

optimal capital structure can help managers to step towards increasing profitability and the value 

of the company.  

 

3. Financing 

One of the decisions made by managers of economic unit for the purpose of maximizing 

shareholders’ wealth is related to financing. Such decisions are related to capital structure as well 

as determining and selecting the best method of financing and its combination. Therefore, a 

financial manager can affect shareholders’ wealth by changing some parts such as profit per 

share, A distribution policy, timing, profitability risk, and selecting the method of financing.  

Financial recourses of each economic unit are made up of internal and external sources. Internal 

sources include cash flows resulting from operations and funds of assets sales, and external 

sources are composed of borrowing from financial markets and share issue. In setting a financing 

strategy based on resource and the amount of funds, these cases are taken into consideration; risk 

and cost of different financing strategies, future trends of capital market conditions and its effect 

on interest rates and availability of funds in the future, current debt-equity ratio, date of maturity 

of current debts, limitations of loan agreement, type and amount of security demanded by long-

term loan holders, the ability to change financing strategy , proportional to changes of economic 

conditions, amount, nature, and stability of funds provided by the institute, the adequacy of 

current bank credit limit to realize current and future needs, rate of inflation(due to cheaper debt 

retirement), power of profitability, cash position of the company, and tax rate.  

In general, financing by debt is more appropriate when: income and profitability of the company 

be fixed, profit margin of companies be adequate and satisfactory, liquidity and cash flow of 

companies be desirable, debt-equity ratio be low, shares’ price be exposed to recession and 

slump, control of the company be specifically considered, inflation be expected, and the imposed 

limitations of loan agreement do not be severe.[18] 
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4. Capital Structure 

Belkoui introduced capital structure as total claim on company’s assets. He states that capital 

structure includes public security issued, private investment, bank debt, commercial debt, lease 

agreements, tax debit, debts of retirement advantages, deferred bonuses for managers and staff, 

good faith deposits, commitments related to goods and other contingent liabilities.[19] Generally, 

capital structure implies the combination of employed recourses for financing.[31] Usually, 

capital structure is measured by debt to total assets ratio, equity to total assets ratio, debt-equity 

ratio, and equity-debt ratio.[23] Optimal capital structure is composed of debt and equity which 

maximizes the market value of the shares of the company.[3] 

 

1-4- Capital Structure Theories 

a. Modigliani and Miller Theory (M&M)
1
 without taxes: They proved that regardless of taxes, 

company’s financing policy has no effect on its current market value, therefore, the method of 

financing is of no importance and cannot change the value of the company.  

b. Modigliani and Miller Theory with taxes: They argued that when the income tax of the company 

is calculated, the interest pays reduce, so the more debt in the capital structure, the less tax debt 

of the company and the more after-tax cash flow and the more market value of the company.  

c. Trading Theory: company’s tax exemption will be negated due to increase of expected 

bankruptcy cost. Therefore, optimal capital structure theory was posed again. Increased leverage 

raises the probability of bankruptcy and consequently the expected bankruptcy costs rise as well. 

Optimal capital structure point is defined as a point in which additional leverage, increases the 

expected bankruptcy costs as it equals tax savings of additional debt.  

d. Asymmetric Information Theory or Warning Theory: a company with a good future prefers to 

provide its needed capital by loan while the company which does not predict a good future 

prefers to provide its capital by share issue.  

e. Optimal structure in practice: managers use their personal judgments for determining the optimal 

capital structure and consider factors as conservatism, financial flexibility, control, business risk, 

structure of assets, growth rate, profitability, taxes, and market conditions.[13] 

f. Pecking Order and Trade-off Theory: Based on trade-off theory, capital structure moves towards 

the point which reflects inflation rate, asset compound, business risk, profitability, and 

bankruptcy regulations. While in Pecking Order model, the deficiencies of capital market are 

focused on, and it relates transaction costs and asymmetric information and company’s ability in 

receipting new investments to funds and internal sources. [26] 

 

5. Profitability 

Profitability implies the ability of company in generating income and profit.[23] Net profit or 

income is the only measurement of profitability. The final results of all plans, activities, and 

financial and productive decisions are reflected in company’s profitability.  
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To absorb the required capital, companies are forced to generate enough profit for providing 

good return for investors and creditors. Long-term sustainability of a company depends on its 

ability in generating income for meeting all the obligations and providing good return for major 

shareholders. Profitability ratios are used for measuring the adequacy of company’s profit. 

Profitability ratios measure the level of company’s success in earning profit and net return to 

income and sale or to investment. These ratios are of two kinds: the first class measures the 

profitability in relation to income and sales, and the second class measures it in relation to assets 

and investments.[2] 

 

1-5- The relation of capital structure and profitability 

Generally two Pecking Order and Trade-off theories determine the effective factors on capital 

structure. Profitability of the companies is one of factors which affect capital structure according 

to both theories. Based on trade-off theory, tax advantage of debt increases the value of debtor 

company. On the other hand and due to not meeting the commitments on time, the costs of 

probable bankruptcy decrease the value of debtor company. Therefore, capital structure can be 

considered as the balance between tax advantage of debt and the costs of probable bankruptcy 

resulted from debt. Consequently, these two countervailing factors (the balance of advantages 

and the costs resulted from debt) result in optimal use of debt in capital structure. Pecking Order 

theory shows that companies should go through certain proceedings to provide their required 

resources. The formation of this hierarchy is the result or consequence of asymmetrical 

information. Based on this theory, in a case in which there is asymmetrical information between 

managers and outsource investors, managers prefer financing from internal sources to external 

ones. According to this theory, companies with less profitability ask for loan. [4&20] Because of 

the meaningful relation between capital structure and rate of assets at the level of companies as 

well as different industries, this variable is used as a measure of profitability and a determinant 

of optimal capital structure in genetic algorithm.   

 

6. Genetic Algorithms 

Genetic algorithm was created with regard to Darwin’s theory of evolution, and then the theory 

of evolutionary computation was presented by Richenberg’s in 1960. This theory was developed 

by other researchers; by 1975 it resulted in presenting genetic algorithm by John Holland. 

Genetic algorithm can be defined as a simple search method which was established based on 

observing the characteristics of the children of the following generations and selecting the 

children based on the Survival Of The Fittest. Genetic algorithm on children of one generation 

(the solutions to the problem in one step) imitate the existence principles in genetics, and by 

employing them it proceeds to generating children with better characteristics (the closer solutions 

to the objective of the problem). With the help of selective process proportionate to the value of 

the answers and generating children (solutions), better estimations are achieved from final 

solution in every generation. This process makes new generations more compatible with the 

conditions of the problem. This competition between genes and winning of dominant gene (being 
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selected by the algorithm for the next reproduction) and removal of recessive genes (solutions far 

from objective of the problem) is an efficient method for solving complicated and difficult 

problems. Since genetic algorithm is a random search method, presenting a formula for its end is 

difficult. It is possible that the fitting of the population remains fixed for a number of generations 

before finding the final solution and makes it as if final solution is resulted. A common method 

of ending the algorithm is to stop it after reproducing certain numbers of generations. This 

method seems proper since determining the number of all generations is required in some 

operators. After the end of the repetitions of the algorithm to the number of generations which 

was given to it as the input, the quality of final solutions is investigated and if the expected 

solutions were not fulfilled, the algorithm is continued or is restarted and executed with a 

different arrangement of initial population. The important point is that genetic algorithm offers a 

set of potential solutions and selecting the final one is up to the user. In cases that there is no unit 

solution to the problem, like multiple-objective optimization, genetic algorithm is useful for 

coincident determination of the solutions. 

  

7. Support Vector Regression 

In 1965, a Russian researcher named Vladimir Vapnik took important steps in designing 

classifiers. He established the Statistical Learning Theory, and accordingly presented Support 

Vector Regression (SVR). The followings are the advantages of support vector regression: 

1. Designing the classifiers with maximum generalizability 

2. Reaching to optimum total point of the function  

3. Automatic detection of optimal structure for classifiers 

4. Modeling non-linear functions using dot product (scalar or sometimes inner product) 

Support vector regression is the algorithm which uses optimization theory for classifier and its 

theory is defined as following[39]: 

If we define the training points as [Xi, Yi], input vector as , and class value as 

, then in the situation that data be separable in a linear form, decision 

rules would be as:  
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In which Y is the output of the equation, yi class value of sample, and Xi is the dot product. 

Vector x=(x1, x2, ……,)xn shows an input data and vectors i=1,……..N, Xi are support vectors. 

In equation (1), αi ,b parameters are determiners of the hyper plane.  

If the data do not be separable in a linear form, then equation (1) changes to equation (2): 
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Function K(X, Xi) is a Kernel function which creates dot products for making machines with 

different kinds of nonlinear levels of decision making in dataspace.[43] 
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In comparison with other techniques of learning, support vector regressions have a better 

performance in determining the pattern, estimating regression, predicting financial time series, 

marketing, estimated returns of production, classifying the text, detecting face using pictures, 

detecting handwriting, and medical diagnosis. [28] 

In general, it can be said that support vector regression is a method in which strong points of 

traditional statistics, which are almost theory-based and simple in the case of analyzing, are 

consolidated. In recent years, support vector regression approaches are widely used in different 

areas of financial management like credit ranking and series predictions. [8] 

8. Literature review 

However, several studies have been allocated to capital structure, determinants and their role in 

profitability of listed companies on Tehran Stock Exchange, despite significant role of capital in 

profitability; few studies have been working on determining the optimal capital structure in 

different industries.  

Bagherzadeh(2004) worked on clarifying capital structure pattern of listed companies on Tehran 

Stock Exchange. The findings show that capital structure pattern of listed companies on Tehran 

Stock Exchange is dependent on variables like the amount of fixed assets of the company, firm 

size, and its profitability. In other words, in Tehran Stock Exchange, companies which are bigger 

in the case of sales volume (whether in the case of their assets or sales revenue) are more 

dependent on debt rather shares. [4] 

Mohammadi (2005) studied the effective factors on capital structure and found that assets 

structure (fixed asset to total asset ratio), profitability, and liquidity are factors that have 

meaningful relation with capital structure and two variables of profitability growth and sales 

growth have weak relation with capital structure.[17] 

Namazi & Shirzadeh (2005) investigated the effect of capital structure on profitability of listed 

companies on Tehran Stock Exchange. Their findings show that there is no significant and 

meaningful relation between capital structure and profitability of listed companies on TSE. 

Besides, using debt and its effect on earning and the performance of above mentioned companies 

are different according to the type of industry.[21] 

Salehi &Biglar (2009) searched about the relation between capital structure and the performance 

of listed companies on TSE. His results show that there is a negative and meaningful relation 

between capital structure (debt ratio) and the performance of companies (investment return, 

equity return, and before-tax income to sales ratio). In other words, companies with high debt 

ratio, have less profitability.[6] 

Sajadi & Jafari (2008) examined capital structure of small-scale and entrepreneur firms. The 

results of the study showed that there is a positive and meaningful relation between firm size and 

its capital structure. There is no relation between the age of the firm and its capital structure. The 

age of managers is effective in the way of choosing capital structure and managers in different 

ages, have different abilities in taking risks. Managers’ taste and preferences are effective factors 

in determining capital structure and the amount of debt of such firms. The familiarity of 

managers with financial terms is related to capital structure or decisions on capital structure of 
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firms at 95% confidence level. The managers’ level of education is related to capital structure at 

90% confidence level. In most cases, firms managers prefer private and personal loans to other 

forms of financing.[10] 

Kordestani & Najafi Emran(2008) investigated determinants of capital structure on listed 

companies on TSE by empirical test of trade-off theory against pecking-order theory; the results 

are: there is a negative and meaningful relation between profitability and capital structure(debt 

ratio). There is a positive relation between growth opportunities and debt ratio based on book 

value and a negative one based on market value. There is a negative relation between assets 

tangibility and debt ratio.  

There is a positive relation between dividend payout and debt rate. There is also a positive 

relation between volatility earnings and debt ratio. [15] 

Kimiagari and Einali(2008) examined the effective factors on capital structure. The results show 

that effective factors on capital structure in developed countries have also some effects on Iran. 

Growth opportunities, asset structure and share return variables have negative effect on debt ratio 

and business risk variable has positive effect on it and profitability is one of those effective 

factors on capital structure which has a negative and meaningful relation with debt ratio. [16] 

Setayesh, KazemNejad and Shafi'ee (2009) examined the correlation between capital structure 

and profitability of companies listed on Tehran Stock Exchange and their findings show that the 

effect of capital structure on profitability of companies depends upon the definition of 

profitability and the results show that there is a negative and meaningful relation between capital 

structure and return on assets rate. [9] 

In foreign researches, Scott (1972) studies are one of the first empirical studies which showed 

that optimal capital structure is not only in theory but also in practice and different industries 

have different structures due to different business risks. [38] 

after the presentation of Miller and Modigliani's theory, the most fundamental study which is 

about capital structure belongs to Jensen and Meckling (1976) titled "Theory of The Firm: 

Managerial Behavior, Agency Costs and Ownership Structure" in which they examined the 

theoretical factors and reasons for selecting capital structure pattern from the view of agency 

theory and conflict of interests between different beneficiaries of economic unit. To them, one 

can access to an optimal capital structure by achieving balance between advantages resulted from 

debt and debt agency factors. [33] 

Myers and Majluf (1984) examined the determinants of capital structure from the view of 

asymmetric information hypothesis. In this research it is claimed that if there is asymmetric 

information between company and capital market, profitable companies will prefer internal 

financing resources to external ones, but if they need more resources, first they will borrow and 

finally they will issue shares. [35] 

Myers (1984) in his research "The Capital Structure Puzzle" mentioned the rule which was 

introduced in Majlof's research "Theory of Finance Options Hierarchy". His prediction is that 

profitable companies have fewer loans in comparison with non-profitable ones and therefore they 

have lower debt-capital ratio. [34] 
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Titman and wessels (1988) examined the most important determinants of capital structure such 

as tax advantage except debt, company growth, monopoly of firm products, industry type, 

volatility earnings, and profitability of company. The result of the research was that debt-capital 

ratio has a negative relation with its products' monopoly and no meaningful relation was found 

between tax advantage except debt. [42] 

Allen&mizuno (1989) conducted an empirical investigation of pecking order theory of financing 

options in Australia's capital market. The finding of this study in which he has examined the 

relation between capital structure and variables such as profitability, growth rate, and A 

distribution policy, confirm prediction of pecking order theory of financing options but do not 

confirm trade-off theory. [25] 

Rajan and Zingales(1995) conducted the most comprehensive and notable research about capital 

structure titled "What do we know about capital structure?". In their research, they reviewed 

balance sheets of a vast sample of public limited companies which were from those companies of 

seven big industrial countries (USA, GB, Canada, France, Germany, Italy and Japan). The result 

of this research showed that in each of these countries financial leverage has a negative relation 

with two variables of market-book value and profitability of company but it has a positive 

relation with two variables of value of tangible fixed assets and firm size. Therefore, factors 

related to capital structure pattern are generalizable in these seven countries except Germany. 

[37] 

Sunder L.S. and Myers (1999) studied the effects of tangibility of assets, growth opportunities, 

firm's tax position and profitability of debt ratio (capital structure). Findings of this research 

show a positive relation between tangibility of assets and debt ratio and a negative relation 

between debt ratio and profitability of companies. Furthermore, there is a meaningful relation 

between two variables of growth opportunities and tax position with debt ratio. [41] 

Sogrob (2005) examined how characteristics of small-scale firms in Spain affect their capital 

structure. Research results show that tax shields and profitability of the company have a negative 

relation with capital structure while firm's size, growth opportunities and assets structure have a 

more effective and positive relation with capital structure. [40] 

Booth et al. (2001) examined the effective factors on capital structure in 10 developing countries. 

They concluded that capital structure decisions in these countries were influenced by similar 

factors which exist in developed countries. Findings show that more profitable companies have 

lower level debt ratio. [26] 

Daskalakis and Psillaki (2005) in their study examined determinants of capital structure of small 

and medium scale firms in Greece and France. Results of study showed that assets structure and 

profitability have negative relation with debt ratio in both countries and it was reported that firm 

size and growth opportunities have a positive relation with capital structure. [30] 

Chen and Strange (2005) studied the effective factors on capital structure of listed companies on 

Shanghai and Shenzhen Stock Exchange in 2003. Results show that profitability has a negative 

relation with capital structure (debt ratio). [27] 
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Huang and Song (2006) by studying more than 1200 Chinese companies during 1994 to 2003, 

concluded that in Chinese firms, leverage has a direct relation with firm size and also fixed assets 

but it has a negative relation with growth opportunities and management ownership. [32] 

Pao (2008) studied effective factors on capital structure of companies in Taiwan. Results of 

research show that effective factors on capital structure are different in high-tech and traditional 

industries. Furthermore, the neural network models can fit and predict better than that of linear 

regression models, and it seems that the relation between debt ratio and independent variables 

(determinants) is not linear. [36] 

Crnigoj M. and Mramor's (2004) findings show that financial leverage has a negative and 

meaningful relation with tangibility of assets, volatility earnings and profitability but a positive 

and meaningful relation with size and growth rate. [29] 

 

9. Research Hypotheses 

The first main hypothesis: There is a meaningful relation between capital structure and 

profitability of subset firms of Social Security Investment Company. 

The first minor hypothesis: There is a meaningful relation between capital structure and return on 

assets. 

The second minor hypothesis: There is a meaningful relation between capital structure and return 

on equity. 

The third minor hypothesis: There is a meaningful relation between capital structure and profit-

sale rate. 

The second hypothesis: The optimal capital structure is definable at the level of subset firms of 

Social Security Investment Company. 

The third hypothesis: The optimal capital structure is definable for each industry. 

 

10. Research Variables 

Independent variable: In current study, capital structure is regarded as independent variable and 

debt-total assets ratio is defined as capital structure. 

Dependent variable: In this study it is made use of "profitability" variables as dependent variable. 

Return On Assets (ROA): It is defined as net profit divided into total assets. 

Return On Equity(ROE): It is calculated by dividing net profit into total book value. 

Profit-Sale: It is defined as net profit divided into sale. 

 

11. Methodology 

11-1- Population and sample 

Population of study includes all subset firms in Social Security Investment Company during 

2005 to 2009. To select from above-mentioned population, the following characteristics were 

considered: 

1- Full access is provided to required information of the selected company about the period of 

study. 
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2-Industries with less than 6 companies are deleted to meet the assumption that error sentences 

are normal. 

3-The selected companies should be operationalized before 2005. 

 

11-2- Classification of Population 

By considering industry type variable as one of variables under study, in the following table, all 

qualified companies are divided into different classes of industry. Considering the above-

mentioned limitations, some industries have no representative among selected companies that it 

is completely random and due to those limitations. On the other hand, in order to decrease the 

amount of calculation, those industries with few companies included in the sample were merged 

based on their industrial congruence. This procedure has been explained in details in Table 1. 

Table 1: Demographic data of sampling  

No. 

 
Industry Group Subset industries Frequency Percent 

1 
medicine group 

 

 

materials  and products medicine 

 

135 18.8 

2 
cement group 

 

 

cement Production companies 

 

145 20.1 

3 
oil & gas group 

 

oil Production, petrochemical, chemical, 

rubber and plastics, technical and 

petroleum engineering 

145 20.1 

4 
construction group 

 

 

construction companies 

 

75 10.4 

5 

wood & paper 

products group 

 

wood & paper products 40 5.6 

6 
food products group 

 

 

food  and beverage products 

 

30 4.2 

7 
industrial & mineral 

products group 

mining, manufacture of metal products, 

basic metals, production of electrical 

machines, non-metal products, transport 

machines 

100 13.9 

8 

services & business 

group 

 

welfare services, financial intermediary, 

publishing and printing, training 
50 6.9 

Total 
 

 
 720 100 
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11-3 Method of data collection 

This study is based on real figures and information in financial statements of subset firms of 

Social Security Investment Company. To collect required information, first we searched libraries 

and collected theoretical bases of study from Persian and English books and journals and 

available theses, then required data of companies were extracted by Tadbir-Pardaz, Rah-Avard-

e-Novin and Sahra softwares from annual reports of subset firms of Social Security Investment 

Company, the financial statements of subset firms of SSIC and Tehran Stock Exchange.  

 

4-11- Method of hypothesis test 

First of all, the correlation between capital structure and profitability ratios (return on assets, 

return on equity and profit-sale) were calculated by SPSS software to choose the ratio which has 

the highest correlation with capital structure. If this ratio has average (40-70%), high (70-90%) 

or very high and the highest (above 90%) correlation with capital structure, it is possible to 

define capital structure. [7]Therefore, the aim of this study is to define capital structure (a 

mixture of debts and return on equity) by which the profitability of firms will be maximized. In 

the following, the pattern of data will be estimated by support vector regression formula. The 

function of input data of genetic algorithm can be calculated by output of this regression (b, αi). 

The output of SVR formula is highly reliable because if there is Perth data, the regression 

algorithm can detect it and decrease its effect in fitted model. Therefore, output is highly 

generalizable, although its maximum cannot be calculated by deriving the output. For this 

reason, genetic algorithm is used to find maximum value. This algorithm tries to find maximum 

value by production-testing method. It means that it first produces solutions then tests it to find 

how much its value is better than the value of previous solution. This procedure is repeated 

several times in order to a considerable improvement do not happen. 

The genetic algorithm used in this research has a population of 100 chromosomes, 80% 

probability of crossover operator and 20% probability of mutation operator. Coding procedure 

used to show the solutions of the problem were considered in a binary form and 8 bits were 

specified for every solution. It means that the length of each chromosome is totally 16 bits. 

Crossover operator used in this algorithm is one-point crossover operator and mutation operator 

was used for bit mutation operator. Optimal capital structure was calculated for all companies 

(regardless of the industry in which they operate) once for a five-year period and once for 

different years. All the calculations related to support vector regression and genetic algorithm 

were carried out by MATLAB 2012 software. It is worth noting that since SVR is used, if there 

is Perth data, vector cannot be fitted on it and maximum value calculated by genetic algorithm is 

highly generalizable. 

 

12. Finding 

The first main hypothesis: There is a meaningful relation between capital structure and 

profitability of subset firms of Social Security Investment Company. 
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Regarding the first main hypothesis, first we examine the first, second and third minor 

hypothesis and start testing this hypothesis after finding the results. 

The first minor hypothesis: There is a meaningful relation between capital structure and return on 

assets. 

Results of testing the above hypothesis show that there is a negative and meaningful relation 

between capital structure and return on assets in every year under study except 2005. Table 2 

shows correlation coefficients between capital structure and profitability variables and also 

shows the related probability value at the level of all companies. Regarding the probability value 

(ρ<5%), there is a negative and meaningful relation between capital structure and return on 

assets in all those years. 

 

 Table 2: The correlation between capital structure and profitability variables at the level of 

all companies 

Profitability variables 

year 

 

ROA ROE 
Income sales 

ratio 

r p R P R P 

all companies in 2005 

 
-0.176 0.035 -0.365 0.001 -0.397 0.001 

all companies in 2006 

 
-0.448 0.001 -0.336 0.001 -0.375 0.001 

all companies in 2007 

 
-0.521 0.001 0.050 0.551 -0.248 0.003 

all companies in 2008 

 
-0.649 0.001 0.043 0.612 -0.582 0.001 

all companies in 2009 

 
-0.478 0.001 -0.048 0.571 -0.108 0.197 

all companies during a five-

year  

 

-0.472 0.001 -0.137 0.001 -0.239 0.001 

 

 

Furthermore, correlation coefficients between capital structure and return on assets and also the 

related probability value for different industries were calculated. Results show negative and 

meaningful relation between capital structure and return on assets in different industries. 

Table 3 shows the correlation coefficients and related probability value for different industries. 

The probability value (ρ<5%) confirms the negative and meaningful relation between capital 

structure and return on assets ratio in different industries. The correlation is high especially in 

group of wood and paper products but it is at an average level for food, industrial & mineral 

products and services & business group. 
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Table 3: The correlation between capital structure and profitability variables in different 

industry 

Profitability variables 

year 

 

ROA ROE Income sales ratio 

r p R P R P 

medicine group 

 
-0.378 0.001 -0.434 0.001 -0.535 0.001 

cement group 

 
-0.382 0.001 -0.322 0.001 -0.346 0.001 

oil & gas group 

 
-0.363 0.001 -0.271 0.001 -0.410 0.001 

construction group 

 
-0.381 0.001 0.065 0.578 -0.505 0.001 

wood & paper products 

group 

 

-0.738 0.001 -0.393 0.012 -0.716 0.001 

food products group 

 
-0.621 0.001 0.221 0.241 -0.367 0.046 

industrial & mineral products 

group 
-0.678 0.001 -0.094 0.352 -0.028 0.785 

services & business group 

 
-0.599 0.001 -0.044 0.760 -0.587 0.001 

 

 The second minor hypothesis: There is a meaningful relation between capital structure and 

return on equity. 

As Table 2 shows, there is no meaningful relation between capital structure and return on equity 

rate (ρ<5%) and the correlation coefficient is less than 40%. According to Table 3 there is a 

meaningful relation between these two variables just in the group of medicine, cement, oil & gas 

and wood & paper products that its direction is negative and the direction between these two 

variables is positive in the group of construction & food products. 

The third minor hypothesis: There is a meaningful relation between capital structure and profit-

sale ratio. 

According to Table 2, except 2009, there is a negative and meaningful relation between capital 

structure and profit-sale ratio (ρ<5%). The results presented in Table 3 show that there is a 

negative and meaningful relation between these two variables in different industries (except  the 

group of food and industrial & mineral products). 

The second and third main hypotheses: Since there is a negative and meaningful relation between 

capital structure and return on assets, the latter was used as the output of support vector 

regression model and as the determining factor of optimal capital structure in genetic algorithm. 

To have more reliable results, not only the prerequisite of meaningfulness should be met, but 

also the correlation coefficient should be at least at an average level (40%). 

Data was modeled according to the inputs (debt-total assets and equity-total assets ratio) and the 

output (return on assets) and by using support vector regression. Table 4 and Table 5 show mean 
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of error (MSE) in each case. Since Mean Square Error (MSE) was considered as the loss 

function in genetic algorithm method, using a repetitive procedure, genetic operators continue up 

to the point in which the amount of errors or loss function decrease up to a desirable level and 

finally the best chromosomes are generated. The results show that the fitted model is an 

appropriate one. [1] 

 

Table 4: Mean Square Error at the level of all companies 

Error rate 

states 

 

Mean Square Error 

Error rate 

states 

 

Mean Square Error 

all companies during 

a five-year period 
0.0486 

all companies in 

2007 
0.0224 

all companies in 

2005 

 

0.0227 
all companies in 

2008 
0.0075 

all companies in 

2006 

 

0.0072 
all companies in 

2009 
0.0389 

 

 

Table 5: Mean Square Error in different industry 

Error rate 

states 

 

Mean Square Error 

Error rate 

states 

 

Mean Square Error 

medicine group 0.0013 
wood & paper 

products group 
0.0026 

cement group 

 
0.0217 food products group 0.001 

oil & gas group 0.005 
industrial & mineral 

products group 
0.0635 

construction group 0.002 
services & business 

group 
0.0231 

 

Genetic algorithm was used to determine optimal capital structure and the prerequisite that no 

input data (debt-assets ratio and equity-assets ratio) should become zero was applied in that 

algorithm. Furthermore, determining optimal capital structure is possible if there is a meaningful 

relation between capital structure and return on assets and if their correlation is above average 

(above 40%). 

The second main hypothesis: Optimal capital structure is definable at the level of subset firms of 

Social Security Investment Company (SSIC). 

To test the hypothesis, optimal capital structure is calculated by employing genetic algorithm. 

The results of testing the above hypothesis show that optimal capital structure is definable at the 

level of all companies in all those years except 2005. Table 6 shows optimal capital structure at 
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the level of all companies and it becomes evident that despite the fact that in 2005 the correlation 

coefficient of/between capital structure and return on assets ratio is meaningful, and since it is 

less than 40%, optimal capital structure cannot be found reliably while it can be calculated at the 

level of all companies during a five-year period. 

 

Table 6: Optimal capital structure at the level of all companies 

Optimal structure 

states 

 

Optimal debt ratio 

Optimal structure 

states 

 

Optimal debt ratio 

all companies during 

a five-year period 
0.1436 

all companies in 

2007 
0.4870 

all companies in 

2005 

 

- 
all companies in 

2008 
0.1912 

all companies in 

2006 

 

0.4775 
all companies in 

2009 
0.1291 

 

The third main hypothesis: Optimal capital structure is definable for each industry of subset firms 

of Social Security Investment Company. 

The results of testing the hypothesis show that optimal capital structure can be defined in groups 

of wood & paper products, food products, industrial & mineral products and service & business. 

Table 7 shows optimal capital structure at the level of different industries and despite the fact 

that correlation coefficient of capital structure and return on assets is meaningful in medicine, 

cement, oil & gas and construction group, it becomes evident that optimal capital structure 

cannot be obtained since the correlation coefficient is less than 40%. 

 

Table 7: Optimal capital structure at the level of different industries 

Optimal structure 

Industry 

 

Optimal debt ratio 

Optimal structure 

Industry 

 

Optimal debt ratio 

medicine group - 
wood & paper 

products group 
0.2253 

cement group 

 
- food products group 0.4643 

oil & gas group - 
industrial & mineral 

products group 
0.0961 

construction group - 
services & business 

group 
0.1851 

 

13. conclusion 

Totally, reviewing the results of testing hypotheses shows that the effect of capital structure on 

profitability of subset firms of Social Security Investment Company depends on the definition of 
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profitability. The results show that relation between capital structure and return on assets is 

negative and meaningful at the level of all companies (except 2005) and also at different 

industries. Negative relationship between profitability and capital structure is consistent with the 

study of Mohammadi [17], Salehi&Biglar [6], Sajadi & Jafari [10], Kordestani & Najafi Emran 

[15], Kimiagari and Einali [16], Setayesh, KazemNejad and Shafi'ee [9], Scott[38], Jensen and 

Meckling [33], Myers and Majluf [35], Myers[34], Titman and wessels [42], Allen&Mizuno 

[25], Rajan and Zingales [37], Sunder & Myers [41], Sogrob [40], Booth et al. [26], Daskalakis 

and Psillaki [30], Chen and Strange [27], Huang and Song [32], Pao [36], Crnigoj M. and 

Mramor's [29]; But it contradict with Bagherzadeh [4] and Namazi & Shirzadeh [21] finding 

research. Results also show that in medicine, cement, oil & gas groups and wood & paper 

products there is a meaningful relation between capital structure and return on equity which is 

negative but it is positive in construction and food products groups. Furthermore, results confirm 

that there is a negative and meaningful relation between capital structure and profit-sale ratio 

(except 2005 and in food and industrial & mineral products groups). 

Regarding the negative and meaningful relation between capital structure and return on assets, 

the latter was used as the output of support vector regression model and determining factor for 

optimal capital structure in genetic algorithm. The results of genetic algorithm confirm the 

negative correlation between capital structure and return in assets ratio. 
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