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Abstract 

In the last decades, an accurate forecasting of non-linear time series has been an active area of 

research. They find its applications in many fields like weather forecasting and stock market 

prediction etc. Conventional model failed to predict the stock market due to the chaotic and 

nonlinear characteristics of stock data. Recently, Artificial Neural Network (ANN) has gained 

popularity among researchers due to its ability to solve complex nonlinear problems. However, 

ANN has shortcomings of the weight and bias value. To solve the issues of ANN, the recent 

trend tends to use bio inspired algorithms which represent a promising tool for optimizing the 

parameters of ANN. Though not all the bio inspired algorithms are efficient, a few algorithms 

have proved to be efficient for stock market prediction. This paper presents a review of bio 

inspired algorithms that have been used for optimizing the parameters of ANN for forecasting 

stock market data. 

Index terms: Bio inspired optimization algorithms, GP, evolution strategies, firefly algorithm, 

fish swarm optimization, cuckoo search algorithm 

 

1. INTRODUCTION 

Financial forecasting is an active area of research, where investors invest money and gain profit. 

Stock market prediction play a pivotal role, since they can impact the global market stock market 

forecasting is considered as a challenging task that draws more attention from investors and 

researchers due to its potential substantial rewards. However, even for an experienced financial 

analysist, it is very hard to make accurate predictions because of the nonlinear, dynamic and 

uncertainly behavior of stock market [1]. Researchers and specialists have developed prediction 

models by using statistical and soft computing techniques. Statistical model based on historical 

data. Examples of Statistical models are ARIMA, ARCH and GARCH [2]. Statistical models do 

not perform well since it needs more historical data. Stock market data are non-parametric, 

dynamic and non-linear, more flexible models that can solve complex problem are crucial in 

order to enhance the prediction accuracy. Artificial Neural Network (ANN) have strong potential 

in that respect, because they can approximate any non-linear problem without prior knowledge of 

input data [3]. Among many soft computing techniques ANN, Support Vector Machine (SVM) 

and Fuzzy Logic (FL) system are widely used techniques for predicting stock market. Though 

ANN has shown prominent skills in forecasting stock market, optimization of ANN parameters 

is very tough task.  

Optimization is the process of finding an optimal solution among the set of possible solutions 

under the given constraints. Optimization algorithms can be either stochastic or deterministic in 
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nature. Deterministic algorithms require more computation efforts to solve a complex problem. 

To address this issue, several stochastic algorithms are developed. Meta heuristic algorithms are 

based on either population of solutions (EA, SI) or point to point (tabu) solution is mostly used to 

solve the optimization problems [4]. Bio inspired algorithms are the optimization algorithms 

which can solve the optimization problems in an efficient manner. Bio-inspired optimization 

algorithms are broadly group into three categories. They are Evolution-based Algorithms (EAs), 

Swarm Intelligence-based algorithms (SIAs) and Ecological-based Algorithms (ECOAs).Various 

bio inspired algorithms based on biological organisms have been developed over the past years, 

which have shown promising results in solving stock market problems. Figure 1 shows the 

taxonomy of bio inspired algorithms. To optimize the ANN parameters and make more accurate 

prediction, some bio inspired algorithms such as GA, PSO, ACO, FSA, CS and DE etc. are used. 

In this paper, bio inspired algorithms employed for stock market prediction is analyzed and 

compared. 

 

 

Figure 1 Taxonomy of bio-inspired algorithms 

The rest of the paper is organized as follows: Section 2 discusses about GP and ES 

algorithms. Section 3 presents the SI algorithms. Conclusion is given in Section 4. 

 

2. EVOLUTIONARY ALGORITHMS 

2.1 Genetic Programming 

GP is a type of Evolutionary computing (EC) algorithms that automatically solve the 

optimization problem. GA is the extension of GP, introduced by Koza and John[5] in 1992. GA 

and GP are very similar. Both the algorithms are used to solve the optimization problem by 
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comparing fitness of each candidate in a population of potential candidates over many iterations 

or generations. The fundamental differences between GA and GP are (i) solution is represented 

as a tree structure and solution could be a computer program where as GA is represented as 

values and (ii) GA uses fixed length encoding. The process of GP involves crossover, mutation, 

reproduction, gene duplication and gene deletion. The major three steps in GP are given below: 

1) Randomly generate an initial population computer programs comprising of the available 

functions and terminals. 

2) Run each program in the population and evaluate its fitness value. 

3) Choose two programs from the population according to the genetic operations. 

4) Create a new population for programs by adopting the genetic operations given below: 

Reproduction: create a new population by using selected programs. 

Crossover: Create a new program (offspring) by crossover operation. 

Mutation: Create a new program by randomly mutating a randomly selected part  

of the selected program. 

5) Repeat the process until termination condition is satisfied. 
 

Almanza et al. [29] designed a stock prediction model using GP algorithm. In this model, GP 

employed to extract the most important information from the historical data. 

 

2.2 Evolution Strategies 

Evolution Strategies (ESs) is a global parameter optimization algorithm and is a sub class of EAs 

from the field of EC. ES founded by three students Bienert, Rechenberg and Schwefel [6] at the 

technical university in 1964. ES is inspired by the theory of adaption and evolution. It is inspired 

by macro-level process of evolution such as phenotype, hereditary and variation and is not 

concerned with the genetic evolution like genome, chromosomes and genes. The major steps in 

ES involves: 

1) Randomly generate an initial population of individuals 

2) Select   parents from the population and generate offspring   by applying some 

recombination or mutation operators. 

3) Evaluate the fitness of each individual. 

4) Select the best   individual for next generation. Discard other individuals. 

5) Repeat steps from 2 to 4 until number of generations have been exhausted. 

In 2017, Sable et al.[28] predicted the stock price data using GA and ES. By using these 

algorithms, the authors trying to find the connection weight for each attribute, which helps us in 

predicting the target price of the stock. 

 

3. ALGORITHMS INSPIRED FROM SWARM INTELLIGENCE 

Every living creature has its own intellectual behaviors to survive and protect them from 

enemies. Based on the intellectual behaviors of organism, some algorithms have been developed 

to solve complex problems [7]. These algorithms are also called as Swarm Intelligence (SI) 
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algorithms. SI algorithms are based on collective behavior of biological organism. PSO, ACO, 

ABC, FA, FSO, and CS are popular and widely used SI algorithms for stock market prediction. 

3.1Fish Swarm Optimization 

In 2002,Li et al. [8] introduced an algorithm based on the natural behavior of fish in search for 

food. According to Li et al. [8] behavior of fish can be summarized as follows:(i)random 

behavior (ii) searching behavior (iii) swarming behavior (iv) chasing behavior and (v) Leaping 

behavior Lobate et al. [9].Fish Swarm Optimization (FSO) has four main functions that can be 

grouped as search and movement operators. 

 

1) Movement operator 

 Movement operator contributes to the individual and collective movements of fishes in 

the swarm. Position of each fish is updated using Equation (1), 

        
    

           (1) 

2) Food operator 

 Weight parameter is utilized to measure the success of food search. The amount of food 

that a fish eats relies on the improvement in its objective function in the current iteration. Weight 

factor is updated by using Equation (2) 

        
    

  
   

        
     (2) 

Where,  
  represents the fish weight at t iteration,   is the difference between current 

and new position of fish i. 

Let the swarm with N fish over D- dimensional space. Position of fish is expressed as,  

              
Fitness function (food source) of the fish is represented by, 

                  (3) 

Four parameters involved in FSO include crowd factor, δ, visual distance represents the 

distance of the individual fish, step denotes the size of the movement of fish and the distance 

between two fish is     ‖     ‖ 

 

Phase 1:Preying phase 

Preying phase has two steps of process. One represents the current position of fish. At step 2,fish 

can select randomly Pi from its visual range. Mathematically preying phase can be expressed as, 

  ⃗⃗  {
         

     

   
                   

                                              
(4) 

Phase 2:Swarming 

In swarming phase, fish will move forward to the central position Pc, if Yc/Nbdf>δ 

Yi.Nbdf represents the neighborhood fish. Swarming behavior can be represented as, 

  ⃗⃗  {
         

     

   
                         

                                               
(5) 
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Where, δ  is the concentration of food [0,1] 

Phase 3: Following 

Following behavior of fish can be defined as, 

  ⃗⃗  {
         

        

      
                            

                                               
(6) 

Where,       represents the best local current neighborhood of pi in the search space. 

Phase 4:Random behavior 

Fish can select a position in its visual range and move towards the position. 

Phase 5:Selection 

In this phase, best phase can be chosen for updating the current position of the fish. 

In 2011, Wei Shen et al. [10] presented a stock market forecasting model by using Radian 

Basis Function Neural Network (RBFNN) and FSO. Parameters of RBFNN are tuned by FSO. 

Proposed model is used to forecast the Shanghai Stock Exchange (SSE).RBF optimized by FSO 

is an easy-to-use algorithm with considerable accuracy than GA-RBFN, SVM and PSO-RBFNN 

3.2 Cuckoo Search Algorithm 

Cuckoo Search (CS) is one of the new bio-inspired metaheuristic algorithms. CS algorithm is 

proposed in 2009 by yang and Deb [11]. CS algorithm inspired by the obligate brood parasitism 

of some cuckoo spices by laying their eggs in the nests of host birds. CS is improved by Levy 

flights [12] rather than by simple isotropic random walks. Some studies demonstrated that CS is 

more efficient than PSO and GA [13]. CS algorithm is based on the following rules: 

1) Each cuckoo lay one egg at a time and dumps it is a randomly selected nest. 

2) The best nests with high quality of eggs (solutions) will carry over to the next 

generations. 

3) The number of available host nests is fixed. Egg laid by a cuckoo is discovered by host 

bird with probability P   [0,1] 

The following steps explain the main concepts of CS: 

1) Create an initial population of n host nets. 

                                 
              

2) Lay the egg   
    

   in the i
th

 nest  

  
                                  (7) 

  
                                  (8) 

3) Evaluate the fitness value of    
    

   
4) Compare the fitness of    

    
  with the fitness of host egg 

        {
   

    
                          

    
           

                                
    

           
   (9) 
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5) If host bird notices it, the nest is abandoned and new one is built. 

6) Repeat steps 2 to 6 until termination condition met. 

 

Many researchers applied different technique to develop an efficient model for 

forecasting the stock market. Prediction model using SVM and CS algorithm is presented by 

Devi et al. [14]. CS algorithm is used to optimize the parameters of SVM. 

In 2011, Walton et al. [15] developed a modified CS to enhance the performance of CS in 

terms of convergence. Modified CS ensures the convergence to global minimum. Hegazy et 

al.[16] used modified CS algorithm to optimize the parameters of LS-SVM. Six technical 

indicators were selected from the historical data and used as inputs to LS-SVM.S&P 500 stock 

data were utilized to access the prediction ability of the proposed model. Results showed that the 

MCS-LS-SVM has fast convergence speed. 

Zhi et al.[27] utilized CS to optimize the parameters of Wavelet Neural Network 

(WNN).Results proved that the optimized CS-WNN has higher prediction accuracy than the 

traditional WNN in stock market forecast. 

3.3 Ant Colony Optimization 

Ant Colony Optimization (ACO) is a meta heuristic optimization algorithm motivated by the 

foraging behavior of real ants. ACO algorithm was found by Dorigo et al. [17].ACO based on 

the principle of simple communication mechanism known as Stigmergy. Two individuals 

interact indirectly when one of them modifies the environment and other responds to the new 

environment at a later time. This interaction is named as „Stigmergy‟. In ACO algorithm, ants 

navigate from nest to food source to find the shortest path. During this time, a chemical trail 

(Pheromone) is left on the ground. Then ants select the path to follow by a probabilistic decision 

biased by the concentration of pheromone [4].The pheromone evaporates over time. If many ants 

select a certain path and lay down pheromone, the amount of pheromone increase and this 

chemical trail attract more and more ants [18] steps in ACO can be briefed as below: 

1) Create m ants randomly. 

2) Compute the objective function for each ant. 

3) Amount of pheromone is updated by using Equation (10) 

     
                      (10) 

Where, T is the amount of pheromone on the edge i,j,P denotes the pheromone evaporate 

rate [0,1].     represents the amount of pheromone deposited 

      
  {

 
  ⁄                                       

                                                              
  (11) 

4) An ant will move from node i to node j with probability, 

           
(       )

 
(    

 
)

∑(       )
 
( 

   
 
)
     (12) 

Where, T denotes the amount of pheromone on edge i,j, represents weight of trail is the 

weight of visibility and   represents the desirability of edge i,j 

The important parameters in ACO include number of ants,       and iterations.Many 

special cases of ACO have been proposed. Some of the successful algorithms are Ant system, 

Ant colony system and Max-Min Ant System [MMAS].  
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Based on ACO algorithm. Tehrani and Khodayar [18] recommended a prediction method 

using ANN. In this method, ACO is used not only to tune the parameters of ANN, but also to 

reduce the complexity. 

Nair and Mohandas [19] forecasted the stock market using hybrid ACO data mining 

algorithms. Performance of the proposed system is evaluated against SVM-Ant-Miner, SVM-

Ant-Miner2, Naïve-Bayes and an ANN-based trend prediction system. The results indicate that 

the proposed system outperforms all the other techniques considered. 

Bouktif et al. [20] developed a prediction model by using ACO and Bayesian Classifier 

(BC). The results obtained were quite encouraging. 

 

3.4 Bacterial Foraging Optimization 

 Bacterial Foraging Optimization (BFO) is a nature inspired optimization algorithm, 

proposed by passion [21] in 2002. It is inspired by the group foraging behavior and chemotaxis 

behavior of bacteria such as E. coli and Xanthus. BFO consists of four principal mechanisms. 

They are   

 Chemotaxis 

 Swarming 

 Reproduction and 

 Elimination dispersal 

Chemotaxis 

 Chemotaxis stimulate the movement of an E. coli all through swimming and tumbling via 

flagella. Basically, an E. coli bacterium can move in two ways. It can swim or tumble for a 

period of time and alternate between swim and tumble for the entire lifetime. Mathematically, 

chemotaxis movement of the bacterium can be expressed as, 

                          
    

√         
    (13) 

 Where          is the i
th

 bacterium at j
th 

chemotaxic, l is the elimination and dispersal 

step, K denotes the reproductive, C is the length of unit walk and  is the angle of direction  

Swarming  

The bacteria in times of stresses release attractants to signal bacteria to swarm together. 

Each bacterium also releases a repellant to signal others to be at a minimum distance from it. 

Thus, all of them will have a cell to cell attraction via attractant and cell to cell repulsion via 

repellant.  

Reproduction 

The least healthy bacteria eventually die when each of the healthier bacteria split into two 

bacteria, which are then placed in the same location. This keeps the swarm size constant. 

Elimination and Dispersal 

Gradual or sudden changes in the local environment where a bacterium population lives 

may occur due to various reasons. Events can occur such that all the bacteria in a region are 

killed or a group is dispersed into a new part of the environment.  

 Controlling factors of BFO algorithm are Number of chemotactic steps and reproduction 

steps, size of c(i). number of bacterium Number of elimination and dispersal step. 
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Majhi et al.[22] presented a prediction model using BBO and Adaptive Linear Combiner 

(ALC).ACO is employed to optimize the weights of ALC so that its MSE is minimized. Majhi et 

al.[23] used BFO and Adaptive BFO (ABFO) for tuning the weights of ALC. Proposed model 

provided better result than PSO-ALC and GA-ALC. 

3.5 Firefly Algorithm 

Optimization is a method of finding the best solution among the set of all feasible solutions. It 

plays a very important role in decision making process. Researchers have developed many 

methods for solving optimization problem based on the behavior of insects or animals. Yang [24] 

founded an algorithm based on the flashing patterns and behavior of fireflies is called as firefly 

Algorithm (FA). FA is a swarm-based metaheuristic algorithm. FA has some rules based on the 

flashing characteristics of fireflies. 

1) All fireflies are unisex. One firefly will be attracted other fireflies irrespective of their sex. 

2) Degree of attractiveness is proportional to the brightness. Attractiveness and brightness 

depend on the distance. Brightness and attractiveness increase as their distance decrease and 

vice-versa. 

3) The brightness of a firefly determined by the value of the objective function of given 

optimization problem. 

The steps in FA are as follows: 

1) Initialization: brightness or light intensity varies according to the inverse square law 

     
  
  

 

Where, I(r) and r represent the Brightness at the source and observers‟ distance from the 

source respectively. 

2) Generate initial population: Initialize the firefly‟s population, n by using Equation (14), 

               
            (14) 

3) Determine the light intensity 

     
     

Where, I denote the light intensity, I0is the light intensity at initial, Y represents the light 

absorption coefficient and  r is the distance between i
th

 firefly and j
th

 firefly  

4) Calculate the attractiveness 

        
 
 

5) Movement: The distance between two fireflies can be computed as, 
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     |     |  √∑ (         )
  

        (15) 

The movement of a firefly i is attracted to j firefly (brighter) is determined by  

     
      

     
    (  

    
 )      

     (16) 

6)Updation: 

 Update the light intensities of the fireflies and rank the fireflies. Finally, find the best 

solution.  

Second term is due to attraction.   is the randomization parameter and   represents the 

random vector. Stock market prediction model based on firefly algorithm and Support Vector 

Regression (SVR) is proposed by Kazem et al. [25] in 2012. Proposed model has three phases. 

During phase 1, delay coordinate embedding method utilized for phase space reconstruction. In 

phase two, SVR parameters are tuned by firefly algorithm. Finally, in phase 3, optimized SVR is 

employed to predict the stock data. Proposed model outperforms the GA-SVR and ANN in terms 

of MSE and MAPE. 

 Nhu et al. [26] used firefly algorithm for training the parameters of Adaptive Neuro-

Fuzzy Interference System (ANFIS). The developed model is tested on Vietnam stock market. 

Results indicated that the proposed model has reasonable efficient performance than PSO-

ANFIS and BP-ANFIS. Table 1 provides a summary of stock market prediction using bio 

inspired algorithms 

Table 1 Stock market prediction using bio inspired algorithms 

Authors Method Stock name 

Devi et al.[14] CS-SVM BSE 

Hegazy et al.[16] MCS-LS-SVM S&P 500 

Tehrani and Khodayar [18] ACO-ANN Iran stock index price 

Nair and Mohandas[19] ACO-SVM BSE 

Bouktif et al. [20] ACO-BC NAsDAQ 

Majhi et al.[22] BFO-ALC S&P 500 and DIJA 

Majhi et al.[23] ABFO-ALC S&P 500 and DIJA 

Kazem et al. [25] FA-SVR S&P 500 

Nhu et al. [26 ] FA-ANFIS NASDAQ 

Zhi et al.[27] CS-WNN S&P 500 

Sable et al.[28] ES NASDAQ 

Almanza et al.[29] GP London stock market 

 

4. CONCLUSION 

This paper reviewed an application of bio inspired optimization algorithms, in use for the 

optimization of ANN parameters for forecasting the stock price. It presented a survey of GP, ES, 

FSO, CS, ACO, BFO and FA. Each algorithm has its own strength in the field of financial 

forecasting. From the review, it is evident that bioinspired algorithm based on evolutionary 
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provides better results that SI algorithms. Nevertheless, bio inspired algorithms are the most 

powerful algorithms for tuning and optimizing the parameters of soft computing models. 
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