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Abstract 
The financial market has continued to attract increasing investment volume in the last decade. The daily turnover of the foreign exchange 
(forex) financial market for example, has increased from 4.0 trillion USD in 2010 to 6.6 trillion USD in 2020. However, with all the 
contributions of researchers towards solving the time series problem of the financial market, 80% of retail investors and traders lose money in 
the forex financial market. We propose an optimized input genetic algorithm (OIGA) model for profit optimization in the forex financial 
market. The model emerged from instances of forex expert advisors having different properties and used for live trading. In the genetic 
algorithm model, each of these expert advisors formed an individual producing a profit or loss value over a period of time. All the expert 
advisors combine to form the population. The model incorporates a pre-processing method for the expert advisors selection at the input level. 
The proposed model was compared with the genetic algorithm functionality packaged with the MetaTrader platform. From the results 
obtained, the optimized input genetic algorithm model showed a significant improvement in time complexity and it serves as a positive step 
towards providing profitable expert advisors as a solution to a real life problem. 
Keywords: Genetic algorithm, evolutionary algorithm, computational and artificial intelligence, forex, optimization model, expert 
advisors.. 

1. Introduction 

The financial market, especially foreign exchange, has been attracting increase in turnover volume in the last decade. The daily 
turnover volume of forex increased from 4 trillion USD in 2010 to 6.6 trillion USD in 2020 [1][2]. This enormous turnover 
volume, combined with the 40 percent increase, has aroused the interest of investors in the forex market. However, making 
continual and consistent profit in forex is a difficult task. About 80% of retail investors and traders lose money in the forex 
financial market. The risk of trading in the forex market is so high such that the complete invested capital can be lost. This great 
risk of possible and potential business damage has compelled various government in developed countries to introduce 
regulatory laws, binding on forex brokers. One of such laws compels forex brokers to clearly display a risk statement on their 
web pages. Some example of the risk statement are as follows: “Trading spot currencies involves substantial risk and there is 
always the potential for loss. Your trading results may vary. Because the risk factor is high in the foreign exchange market 
trading, only genuine “risk” funds should be used in such trading. If you do not have the extra capital that you can afford to 
lose, you should not trade in the foreign exchange market”. Another example of risk warning is as follows: “CFDs and Spread 
Betting are complex instruments and come with a high risk of losing money rapidly due to leverage. 80.59% of retail investor 
accounts lose money when trading CFDs and Spread Betting with this provider. You should consider whether you 
understand how CFDs and Spread Betting work and whether you can afford to take the high risk of losing your money”. Fig. 1 
shows some of the warnings of the risk involved in Forex trading in graphic forms as displayed by some forex brokers. The high 
risk of losses in forex trading notwithstanding, investors believe in profitable forex trading with good methods and strategies. 
The great risk of losses and the ironic possibility of making great profit because of the enormous daily turnover make forex an 
interesting and attractive area of computer science research, since programmable and automated trading is possible. The losses 
associated with forex make it a real live problem that requires the application of scientific methods for solutions. Furthermore, 
the high daily volume is a strong motivation for the application of the best computer science research methodologies for 
profitability in forex trading. Many computer science methods have been applied by researchers in a bid to solving the forex 
time series problems. Even with the application of all the methodologies proposed by the research community, the experience 
of losses by most forex investors has continued unabated.  In this paper, we propose an optimized input genetic algorithm 
model for profit optimization in the forex financial market. 
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Fig. 1: Risk Warning – Alpari and FxPro Forex Brokers 
 

This paper is arranged using the following organization: the next section is the background of study, followed by the review of 
related works, the methodology and model implementation. Finally, the results of the study are presented and discussed, and the 
conclusion and future works are stated. 
 

2. Background of Study 
 
Genetic Algorithm (GA) is a meta-heuristic method that can be used for optimization when the problem involves searching in a 
large space [9]. It is a branch of evolutionary algorithm and it is classified among advanced computational intelligence [13]. It 
has been used for tackling complex computational problems such as traveling salesman problem and knapsack problem 
amongst others. It employs the principle of natural evolution and biological reproduction, following Darwin’s theory of the 
survival of the fittest [11]. Simply put, strong parents will likely produce strong offspring, while weak parents will produce 
weak offspring.  
As an illustration, suppose we have 1000 fishes of a specific specie in a pond and all the fishes are well fed, of mixed gender 
and can continually reproduce but they possess different levels of strength and weakness. Furthermore, suppose we are 
interested in selecting the strongest and healthiest fishes into another special pond over a period of time, for example 5 years, 
as the fishes reproduce and their number increases and we are constrained that the special pond should still contain 1000 
fishes. This problem can be tackled through genetic algorithm.  
 
Applying genetic algorithm to solving the problem illustrated above, since we are constrained to having only 1000 strong and 
healthy fishes in the special pond, this number is referred to as the population in genetic algorithm. The population consists of 
a specific number of individual fishes. However, a method of selecting these strongest and healthiest fishes is required and 
necessary. Selection constitutes a phase in genetic algorithm. In this illustration, the speed of fishes can be measured and used 
for the determination of the activity level of each fish. That is, the fishes with the fastest speed will be selected. In genetic 
algorithm, this method is referred to as the fitness function and it is problem specific. The mating of the fishes to reproduce is 
called crossover; the fishes interchange their genes; this is another phase in genetic algorithm [10]. After a period of 
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reproduction, 1000 fastest fishes are selected but another operational phase, known as mutation, is tactically included before 
the whole process is repeated so that the whole process can end or converge after several repetition or iteration. For mutation, 
we can introduce a shark that can eat up some of the fishes at random. As this process is repeated, this will result in having the 
best, strongest, healthiest and fastest 1000 fishes in the special pond over the period specified. Each population of stronger 
1000 fishes is called a generation in genetic algorithm as the phases are applied. Obviously, the fishes are made up of parents 
that produce offspring. Parents and offspring are conventional terms in genetic algorithm. When do we end the iteration? There 
are few options. We can fix a maximum number of generations, we can define an acceptable range for the best speed or we can 
stop if there is no significant difference in the speed between consecutive generations. The schematic structure of genetic 
algorithm is shown in Fig. 2.  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

 
. Fig. 2: Schematic Structure of Genetic Algorithm [5] 

 
3. Related Works 
 
Previous studies on genetic algorithm exist and some of them are discussed in this section. Earlier efforts of computer science 
researchers in the area of the financial market are also discussed. Genetic algorithm has been combined with another 
optimization technique, swam particle optimization, to estimate the power consumption attributable to video applications in 
mobile devices [3]. In the design of quadrotors, genetic algorithm was added to the control component for the optimization of a 
system that also incorporates a hybrid-fuzzy approach [4]. Genetic algorithm has found usefulness in the optimization of 
proportional integral controller for cart follower using tuning approach [5]. Tian et al [6] applied a constraint based genetic 
algorithm to find optimized hidden layer of a multilayer perceptron network to solve the problem of loss of coolant accidents in 
a nuclear power plant. Genetic algorithm has been used for tackling the problem of job and driver scheduling [7][12]. This was 
combined with simulated annealing. Chiesa et al [8] employed genetic algorithms for the selection of features in a large or high 
dimensional datasets. 
 
In an attempt to solve the problem of the difficulty in making continual, consistent and long-term profit in the forex financial 
market, various methods have been applied by researchers. The diverse approaches can be classified into artificial intelligence 
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and soft computing methods such as different types of neural networks and learning algorithms [14-17][22-25]; statistical 
methods such as ARIMA [21][26]; optimization techniques [20] and computer science methods such as property orientation 
[19]. In the application of genetic algorithm to the problem of forex adverse losses, very little has been done. Noted among the 
little efforts is the combination of genetic algorithm with support vector machines by Almeida et al [18] to guide forex 
investment decision using technical indicators. In addition to this, the MetaTrader software platform, a programmable platform 
used for trading, is packaged with genetic algorithm module for back-testing. However, information about the exact mode and 
method of the genetic algorithm application for the MetaTrader platform is not available in the public domain. One of the 
contributions and novelty of this paper is the introduction of the selection pre-processing phase to the conventional genetic 
algorithm. Another contribution is the provision of an exact mode and method of genetic algorithm application in forex domain.  
 
4. Methodology 
 
Two research questions are addressed in this study. The proposed model seeks to provide answers to the research questions. 
The research questions are given below.  
 
Research Question 1 
Given a number n, of expert advisors that produce different and changing values of profits and losses on weekly basis over a 
period of time, how can a population of m expert advisors be selected from n as suitable input into a genetic algorithm, where n 
and m are integers, such that m<n? 
 
Research Question 2 
How can genetic algorithm be applied to forex trading for profit optimization? 
 
4.1 Optimized Input Genetic Algorithm Model 
Most expert advisors usually produce negative results which are undesirable as input into a genetic algorithm, otherwise, the 
genetic algorithm will have a population of almost entirely weak parents. A pre-processing of expert advisors is therefore 
necessary, based on their varied results to obtain a group of expert advisors comprising of completely or almost entirely 
positive profit results. Since various marketing conditions and economic, political, geographical or natural impacts influence the 
results of the expert advisors, these characteristics make the future state of events uncertain, when the forex profitability 
problem is viewed as a decision analysis problem. A selection method that takes events probability of conditions into 
consideration, such as equal likelihood criterion or expected value, can be applied to the selection of the best of expert advisors 
for this problem. For example, the expected value EV(x) of a random variable x is given by the formula in Eq. (1). 
 

                               
where n is the number of values of the random variable x and P(x) is the probability that the conditions of the events of x will 
prevail in future [27]. The maximum value of EV(x) in the set is usually selected as the expected value. 
 
For x experts advisors, each producing profit p1, p2, p3, ….. pn of positive and negative values for week w1, w2, w3….. wn, we 
propose the following two-step procedure for selecting the best and suitable expert advisors that can be used as input into a 
genetic algorithm.  
 
Step 1   
Determine the Effective Probability of success P(x) for each expert advisor for the period n weeks. The profits are obtained by 
live trading for the period. The weekly probability of success for an expert advisor is taken as 1 if the profit is positive; it is 
taken as 0 if the profit is negative for the period. The effective probability of success for an expert advisor is defined as the 
average of the weekly probability of success for the period of n weeks. 
 
Step 2 
Compute the total profit TP(x) for each expert advisor for the period of n weeks and sort all the expert advisors by P(x) and 
TP(x) in descending order. Select the m expert advisors with highest values of P(x) and TP(x) as input into the genetic 
algorithm, where m is the population of the genetic algorithm. To provide input population with a higher performance, the 
properties of the m expert advisors can be modified to propagate more expert advisors and step 1 and 2 repeated before the m 
population is used as input into the genetic algorithm. This process can be described as supervised propagation. 
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Fig. 3: Schematic Structure of Optimized Input Genetic Algorithm Model 
 
4.2 Genetic Algorithm for Forex Trading 
In the proposed design of genetic algorithm for the forex financial market, an expert advisor stands as an individual in the 
genetic algorithm. The values of the properties of the expert advisor represent the chromosomes of the genetic algorithm. All 
the expert advisors form the population of the genetic algorithm. The chromosomes are converted into genotypes of binary 
form. In this case, bit-flip mutation method is applied. The direct use of the integer or floating point values of properties as 
phenotypes is possible but this would require extra programming overhead of grouping and partitioning of the properties to 
accommodate the peculiarity of the values of the properties for appropriate mutation method. The binary type of chromosome is 
adopted for this study. One point cross over is used. 
 
4.3 The Design of the Fitness Function 
The design of the fitness function required thoughtfulness to ensure the convergence of the genetic algorithm after the periods 
of generational iteration. Each expert advisor was designed with an identified property or group of properties unique to the 
expert advisor. With this approach, the profit produced by the expert advisor during the pre-processing phase is directly related 
to the strength or contribution of the identified property or group of properties so that they can be used as coefficients in the 
fitness function. The schematic structure of the proposed optimized input genetic algorithm model is shown in Fig. 3. 
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4.4 Materials 
The experiments performed in this study for genetic algorithm were performed with Anaconda Navigator 1.9.7, Spyder 3.3.6 
and Python programming language, Python 3.7.4 installed on Intel(R) Core(TM) i3-2330M CPU @ 2.20GHz, 4 GB RAM,  64-
bit Windows 8 operating system. The financial market components were programmed with MetaQuote programming language 
installed on virtual private server of Windows 2003 Enterprise Edition R2, with hard disk and RAM size of 20 GB and 640 Mb 
respectively. 
 
 
5. Model Implementation 
 
Commencing from selection pre-processing, fifteen expert advisors were deployed and made operational for live trading for a 

period of five weeks. Unique code names were assigned to each of the expert advisors for the purpose of identification. The 
weekly performance of each expert advisors was observed in terms of profit made or loss incurred for the five weeks period. 
Table 1 shows the result of the investigation. The effective probability of success was calculated for each of the expert 
advisor and displayed in Table 1. The total profit or loss of each expert advisor for the five weeks period was also calculated 
and shown in Table 1. It can be observed from Table 1 that 66.7% of the expert advisors accrued losses at the end of the 
period. Significant differences in the values of profits and losses across the expert advisors were also observed in Table 1.  

 
 
 
 
Table 1: The Analysis of Effective Probability of Success and Total Profit for the Expert Advisors 
 

EA’s Code Name 
Week 1 
Net 
Profit 

Week 2 
Net 
Profit 

Week 3 
Net 
Profit 

Week 4 
Net 
Profit 

Week 5 
Net 
Profit 

Effective 
Probability 
of success 

Total 
Profit 

Mod Prof Mod 125 42 47 -99 -49 0.6 66 
Med Act Los Con 101 45 -15 -28 -129 0.4 -26 
Low Tred Stat Coe 30 29 -2 -107 -96 0.4 -146 
Flex SOP 43 32 26 -18 -24 0.6 59 
Low Pro Mod 28 91 -1 -82 -33 0.4 3 
Med Act Ind 23 83 -5 -85 -35 0.4 -19 
Los Con Mod 41 11 -26 -6 -25 0.4 -5 
Tin1 34 -11 -7 -46 -20 0.2 -50 
High Act Los Con 10 -5 -21 22 -119 0.4 -113 
Swit Ove Pot 176 -102 54 -52 -62 0.4 14 
Opt Rev Mod 59 -82 14 -108 53 0.6 -64 
Swig Tred 140 -49 15 -75 -54 0.4 -23 
Fif Res4 -102 34 -123 -131 -41 0.2 -363 
Bech Spac Mod -69 -40 30 -25 -11 0.2 -115 
Opt Mod1 -96 -67 4 18 -13 0.4 -154 

 
All the fifteen expert advisors were sorted using the effective probability of success and total profit fields. The best six 
expert advisors with the highest values of P(x) and TP(x) selected are shown in Table 2. 
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Table 2: Selected Expert Advisors with the Highest Values of P(x) and TP(x) 
 

EAs Code Name 
Effective 
Probability 
of success 

Total 
Profit 

Mod Prof Mod 0.6 66 
Flex SOP 0.6 59 
Swit Ove Pot 0.4 14 
Low Pro Mod 0.4 3 
Los Con Mod 0.4 -5 
Med Act Ind 0.4 -19 

 
Sequel to supervised propagation, six expert advisors emerged with improved profit values. The expert advisors, their 
properties, and the one-month profits generated are shown in Table 3. 
 

Table 3: Selected EAs, Properties, Values and One-Month Live Trading Profit 

  
EA's PROPERTIES, THEIR VALUES AND  

ONE-MONTH PROFIT 
EAs                
  TRC MRS PSD MVB PSS MVS PROFIT 
EA1 0.95 0.7 50.1 51.1 50.1 51.1 -86.2 
EA2 0.95 0.6 50.1 51.1 50.1 51.1 86.5 
EA3 0.85 0.7 50.1 51.1 50.1 51.1 193.4 
EA4 0.95 0.6 26.1 23.1 26.1 23.1 70.6 
EA5 0.95 0.6 26.1 23.1 23.1 20.1 261.1 
EA6 0.875 0.6 65.1 66.1 65.1 66.1 241.7 

 
5.1 Application of Genetic Algorithm 
In applying genetic algorithm, the task was to combine the properties of the expert advisors in Table 3 to optimize the profit. 
Each expert advisor was considered as an individual and each value of the six properties of an expert advisor was 
considered as a chromosome. Converting the phenotypes of the properties to genotypes, 0 implies that a property’s value 
should not be selected while 1 implies that a property’s value should be selected. The profit is an expression of the fitness of 
each individual. These genetic values were initially assigned randomly in the genetic algorithm. As an illustration, Fig. 4 
shows the selection of two parents, the application of one point crossover to produce two offspring and application of bit-
flip mutation. 

   
Crossover 

  Chromosome 
1 0 1 1 1 1 0 
Chromosome 
2 1 0 0 0 0 1 

       Offspring 1 1 0 0 1 1 0 
Offspring 2 0 1 1 0 0 1 

       
   

Mutation 
  Offspring 1 1 0 0 1 1 0 

Offspring 1 1 0 0 1 0 0 
 

Fig. 4: Instances of Crossover and Mutation 
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5.2 Fitness Function 
The fitness function is problem specific in every genetic algorithm and is mainly responsible for the convergence of the 
genetic algorithm iterations producing the generations. A fitness function was derived for the optimized input genetic 
algorithm model by evaluating the strength of each property using the profit made by an expert advisor during one month 
live trading. This was achievable by making each expert advisor to possess a unique property difference when compared to 
other expert advisors in the population. The profit achieved by an expert advisor during the evaluation period would 
therefore be proportionate to the strength or contribution of the property or group of properties being evaluated. The six 
properties were regrouped into five by combining similar properties noting the profit contribution of each group for the one 
month period. Assigning variables A, B, C, D and E to each group, the fitness function is given in Eq. (2)..  The coefficients 
of the fitness functions are ratios of profits for the properties’ groups. 

2.12A + B + C + 3D + 2.78E = 9.9                     (2) 
 
The fitness function was used in the genetic algorithm. The method of the determination of this fitness function is one of the 
contributions of this paper. 
 
5.3 Pseudo-code for the Genetic Algorithm 
The pseudo-code for the genetic algorithm is as follows: 

1. Set the genes to binary random numbers in the population of five chromosomes and five genes. 
 // 0 means choose the property; 1 means don’t choose the property. The objective is to maximize the profit base 
on the fitness function. 

2. Select any best pair of chromosome as parents, that is, after calculating the fitness using the fitness function. 
3. Apply one point crossover operator with a crossover rate of 0.8 
4. Apply bit flip mutation operator with a mutation rate of 0.4. 
5. Re-calculate the fitness values of each individual in the population using the fitness function. 
6. Go back to step 2 to begin another generation. 
7. Stop when the differences in the fitness are negligible. 

 
6. Results and Discussion 
Fig. 5 shows the input of the coefficients of the fitness function into the genetic algorithm. The initial randomly generated 
population of four chromosomes and the last generation population are also shown in Fig. 5. 
 

 
Fig. 5: Genetic Algorithm Input, Initial Population and Last Generation 
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The fitness versus generation chart is shown in Fig. 6 which also displays the mean and the maximum fitness. 
 

 
Fig. 6: The Fitness versus Generation Chart 

 
The system displayed the optimized parameters for the inputs and the selected parameters that would optimize the profit 
under 2 minutes.  
 
This result displayed time was compared with the displayed time for the genetic algorithm functionality packaged with the 
MetaTrader platform. This functionality was designed for the optimization of properties using back-testing and it allows the 
users to specify range of properties’ values and step size and it displays different optimized profit values. The interface of 
this functionality is shown in Fig. 7. 

 

 
 
 

Fig. 7: The MetaTrader Platform Genetic Algorithm Interface. 
 
 
The  MetaTrader  genetic algorithm functionality was used for the optimization of five property variables as shown in  Fig.    
8,  on the same  computer system. The result indicated that the optimization process only attained 3.3% after 14 hours.  
By comparison, this result classifies the proposed optimized input genetic algorithm model as far more efficient in terms of 
time complexity.  
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Fig. 8: MetaTrader Genetic Algorithm Implementation 
 
The answers to the two research questions for this study has thus been provided. A pre-processing selection method for the 

inputs of a genetic algorithm has been provided. In addition, the application of genetic algorithm for the optimization of 
profits in forex trading has been proposed. 

 
7. Conclusion and Future Work 
 
The issue of profit optimization in the forex financial market has continued to draw attention both in the academia and 
industry because a vast majority of retail investors still lose money. This study has proposed a profit optimization method 
for forex financial market using optimized input genetic algorithm model. The model includes a pre-processing phase for the 
inputs of the genetic algorithm using a decision analysis with determined probability of events. An application of genetic 
algorithm to the forex financial market in the public domain and open literature has been proposed, including a method of 
evaluating the fitness function. The proposed model has shown a much higher efficiency in terms of time complexity when 
compared with an existing genetic algorithm functionality packaged with the MetaTrader programmable platform for the 
financial market. 
 
Future works shall focus on the application of hybrid genetic algorithms and learning network models to the forex financial 
market. 
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