
 

 

 

 

 

 

Abstract—In this paper, we shall comparing between two 

famous methods ,  Box - Jenkins method and  genetic algorithms 

method. The mean of this comparison is given our time serie  the 

best model for developing our forecasting . We based in this study 

on  Mean Square Errors MSE estimation and  Akaike information 

criterion AIC , we choose the model has the minimum AIC  where:              
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Such as k is number of parameters, N number of observations 

and  

                 
 

 
 ,    (  )    (   )- 

               

This work is to show one of the robust method, genetic 

algorithms used more in engineering domains, this method yield 

good result. We practice those methods to our example production 

derivate energy in Algeria, for AR(1) and AR(2) with constant, use 

the Eviews and Matlab  programs.  

 

    Keywords—Time series, Stationarity, Autoregressive model, 

Genetic Algorithms. 

                      

I. INTRODUCTION 
 

ENETIC algorithms are based on the principle of 

genetics and evolution stated Charles Darwin the 

theory of natural evolution, and In 1975, Holland described 

and developed this idea in his book Adaptation in natural 

and artificial systems and how to apply his principles to 

optimization problems. This technic based on the evolution 

of the population, by selection of the  parents for 

reproduction. This selection is done randomly with a 

probability depending on the relative fitness of the 

individuals, using a fitness function, reproduction, Mutation 

For generating new chromosomes, the algorithms can use 

both recombination, evaluation and replacement.                  
      

       Rahal Ramdane(Corresponding author), Faculty of the Sciences 

Economics, Management and Science Commercial, Bechar University 

Bechar (08000), ALGERIA Tel: 213-0663524171 E-mail: 

rahalramdane@yahoo.fr 

       Chikr El Mezouar Zouaoui, Faculty of the Sciences Economics, 

Management and Science Commercial, Bechar University BECHAR 

(08000), ALGERIA 

        Pr Abdelkader Gheriballah, Laboratoire of Statistics and Process 

Stochastiques ,Djillali Liabès University, Sidi Bel Abbès, Algeria  E-mail : 

gheribaek@yahoo.fr 

 

The algorithms stopped when the population converges 

toward the optimal solution. The algorithm can recombine  

different solutions to get better ones ,In our article we shall 

take this  technic to give models to Autoregressive one 

AR(1) and Autoregressive two AR(2), to the example data 

export oil for algeria, but in the first section we after many 

definitions we use Box-jenkins method to our data and 

estimate his model by AIC and choose a best model. In the 

second section we use the genetic algorithms for modeling 

our time serie and in the end in conclusion we will 

compared two methods and show what the optimal model 

using Akaike information criterion.  

                                               
II.  BOX-JENKINS MODELING 

The process of Box-jenkins method based on checking 

the stationarity of time series, give it the model and estimate 

this model. First we define some important concepts, Before 

using this technique, we need them to clear this study. 

                                               

    A .Definition of Time Series 
 

A time series     is a sequence of observed data, usually ordered 

in time      ̅̅ ̅̅ ̅. such as t is a time index, and N is the number 

of observations. 

 

   B .Example 
 

We take in this work the example of oil export for algaria 

taken by SNO (See a cite of energy ministry of ALGERIA). 
                         
 

TABLE I 

PRODUCTION DERIVE ENERGY FOR ALGERIA 1980 TO 2011 
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Fig. 1 Production Derive Energy For Algeria 1980 to 2011 

 

C.  Autoregressive model AR(p) 
 

   is named a process autoregressive if is regressive on 

themselves, and is autoregressive of order P if 

                                            ( ) 

such    as i.i.d, (    ). 
For p=1, we named Autoregressive one AR(1) is a 

correlation between same variable at 2 points in time then 

the equation is  

 

                                                        ( ) 
 

For p=2, the equation of autoregressive at lag1 and lag2, 

AR(2) is 

 

                                                    ( ) 
 

     D. Partial autocorrelation function 
 

The partial autocorrelation function (PACF) plays an 

important role for determine the optimal lag in an 

autoregressive model, we can identified this lag with  the 

correlogram and  Akaike information criterion AIC. 

  

    E.  Stationary processes 
 

1.A sequence         is strongly stationary if 

 

(                  )  (                         ) 

 

For all sets of time points                     and 

integer h. 

2. A sequence is weakly stationary, or second order 

stationary if  : 

 

(i)    (  )              . 

(ii)   (  
 )      

(iii)    (       )        (     )           . 

 

     F. Tests of stationarity 
 

All process of time series are no stationary, but the source 

of no stationary is different, we cite two no stationary 

process, TS(trend stationary) and DS(differency stationary), 

defined by Nelson et Plosser (1982), so we need test the 

process before give it the model, then for this we can use 

Dickey-fuller tests (DF)and Augmented Dickey-Fuller tests 

(ADF). 

 

     J. Dickey-fuller test (DF) 
 

Tests of Dickey-Fuller is the unit root tests when the null 

hepothésis is no stationarity carried out the process 

autoregressive one AR(1) such as    as i.i.d, (    ). for the 

models : 

 

                                       ( ) 
 

                                    ( ) 
 

                                          ( )  
 

     H. Augmented Dickey-Fuller test (ADF) 
 

When are not i.i.d, (    )  and     , we need use 

(ADF), is generalised for (DF)and same seuils for 

signification to this tree model : 

  1 )                 ∑        
 
                

  2 )                 ∑        
 
             

  3 )                 ∑        
 
           

we testing  by (ADF) and (DF), unit root hypothésis : 

 

                                                 |  |     
 

But the strategy of the tests (ADF) and (DF) is testing the 

general model with trend and constant model(i), if the test 

statics is less than critical value and p-value less 0.05 then 

we can reject null hypothesis and accept alternative 

hypothesis , but if the test statics is more than critical value 

and p-value more 0.05 then we can not reject null hypothesis 

and series is non stationary, then we check the second model 

with constant if it is not stationary we check a stationary of 

the third model no trend no constant. 

 

 
Fig.2 Producderive Autocorrelograme 
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Fig.3 model with trend and constant 

 

 
Fig.4 model with constant 

 

 
Fig.5 model with no trend no constant 

 

It's clear on the Fig. 1 of our series is not stationary and 

there is a rapture before year 1985 and after the year 2005 

and  autocorrelograme plot with very slow decay for auto 

correlation but for partial correlation quick decay before one 

lag see Fig. 2 that indicate our series is AR(1). But tests of 

(ADF) under Eviews, for three models, for first model with 

constant and trent p-value is  0.0523 nearly then 0.05; model 

with constant p-value is 0.0070 less then 0.05 and model no 

trent no constant p-value is 0.9702 more then 0.05, so we 

accept the null hypothesis              for models first and 

third one; so our time series it's stationary for second model 

with constant and we can show this by comparing between 

this model with first model. 

 

 
 

Fig.6 (a) Augmented Dickey-Fuller Test Equation 
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Fig.6 (b) Augmented Dickey-Fuller Test Equation 

 

Dependent Variable: PRODUCDERIVEE  

Method: Least Squares   

Date: 01/17/14   Time: 22:45   

Sample (adjusted): 1981 2011   

Included observations: 31 after adjustments  
     

Variable Coefficient Std. Error t-Statistic Prob.   

C 9253.452 2156.499 4.290961 0.0002 

PRODUCDERIVEE(-1) 0.834096 0.043587 19.13634 0.0000 
     

R-squared 0.926619     Mean dependent var 49697.13 

Adjusted R-squared 0.924089     S.D. dependent var 8664.174 

S.E. of regression 2387.149     Akaike info criterion 18.45593 

Sum squared resid 1.65E+08     Schwarz criterion 18.54844 

Log likelihood -284.0669     Hannan-Quinn criter. 18.48609 

F-statistic 366.1995     Durbin-Watson stat 2.164843 

Prob(F-statistic) 0.000000    
 

Fig.7 (a) Estimate AR(1) and AR(2) Models 

On the figure 6, for Augmented Dickey-Fuller tests the 

first model with constant and trent p-value is 0.0523 nearly 

then 0.05, and p-value for trend coefficient is 0.055 more 

then 0.05 it's not significant; but a model with constant p-

value is 0.0070 less then 0.05 and p-value for all coefficient 

is less then 0.05 it is significant model no trent no constant 

p-value is 0.0025 less then 0.05, so we choose the type of 

second model. And now we estimate the equations models 

AR(1) and AR(2) by AIC and choose optimal lag and best 

model as shown in Fig. 7 (a). 

 

Dependent Variable: PRODUCDERIVEE  

Method: Least Squares   

Date: 01/17/14   Time: 23:08   

Sample (adjusted): 1982 2011   

Included observations: 30 after adjustments  
     

     

Variable Coefficient Std. Error t-Statistic Prob.   
     

     

C 10194.15 2849.346 3.577716 0.0013 

PRODUCDERIVEE(-1) 0.744541 0.192389 3.869986 0.0006 

PRODUCDERIVEE(-2) 0.072925 0.167866 0.434424 0.6674 
     

     

R-squared 0.900959     Mean dependent var 50501.57 

Adjusted R-squared 0.893622     S.D. dependent var 7543.474 

S.E. of regression 2460.347     Akaike info criterion 18.54863 

Sum squared resid 1.63E+08     Schwarz criterion 18.68875 

Log likelihood -275.2295     Hannan-Quinn criter. 18.59346 

F-statistic 122.8070     Durbin-Watson stat 1.824869 

Prob(F-statistic) 0.000000    
     
 
 
 

    
 

Fig.7 (b) Estimate AR(1) and AR(2) Models 
 

 

TABLE II 

BOX AND JENKINS METHOD 
 

 
 

 

MODEL COEFFICIENTS MSE AIC 

AR(1) MOD1: 
                      
      083409,   
             

          
  

1845593 

AR(2) MOD2:  
    = 0744541,  
    =0072925

= 1019415 

          

 

 

 

 

1854863 
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So this result on table \ref{best} we have the AIC of 

AR(1) is less then AIC for AR(2) and in AR(2) equation p-

value for coefficient of     is 0.6674 more then 0.05 it's not 

significant; we conclude lag1 is optimal lag and AR(1) is a 

best model by Box-jenkins method. 

 

 
Fig. 8 Graph of Fitted And Residual For Model "AR(1)" 

 

III. GENETIC ALGORITHMS 
 

The Genetic Algorithms is one of important robust 

technique used in more domains, is a iteration procedure. we 

use this technic to modeling our time and compared with 

Box-jenkins models. This technic based on some important 

features : 

 
Fig. 9 Genetic Algorithms Organigram 

 

The Fig. 9  present an organigram of genetic algorithms to 

search optimal solution this algorithms constitute the 

original approach, no exact solution for the problem, but the 

good numeric approximation. So for this we need follow 

this mechanism.  

 

A.  Initial Population 

 

The first step for optimization consist chosen initial 

population is a set for solutions in space, the individual is 

solution and represented by chromosome (genome) is 

randomly generated. 

 

B. Population Size 

 

The population size depends on the nature of the problem, 

but typically contains several hundreds or thousands of 

possible solutions, in our study we take 1000 individuals.   

 

C. Encoding 

 

Encoding  is a process of representing individual 

genes. There are many methods to encoded : 

1. Binary Encoding 

2. Real Encoding 

3. Gray Encoding 

The computer manipulate binary numbers 8 bits = one 

octet, a datas are encoded on 8 bits, 16 bits 32 bits, 64 bits. 

In our study we use the binary-coded, so let us take foor 

parents               and        

 
                    

     D. Objective And Fitness Function 
 

The objective function is a function we shall minimised 

and measure of how individuals have performed in the 

problem domain, we call this function by a handle function, 

our objective function is  means square errors MSE. 

 ( )       
∑ (     ̂)

  
   

 
 

 

 Where    is valor of data and   ̂ is valor of fitted. The 

objective function has to be evaluated and indicates how 

close the chromosome is to the optimal one. The individual 

fitness,  ( )  of each individual is computed as the 

individual's raw performance,   ( ), relative to the whole 

population, i.e., 

 ( )  
 ( )

∑  ( ) 
   

 

 

      E. Example : 
TABLE III 

BINARY STRING 

 

     F. Selection 
 

Selection is the process of determining the number of 

individuals are chosen for reproduction, there are many 

stockasting methods  for selected the parents : 

1)  Stochastic uniform selection. 4)  Shift linear selection. 

2)  Remainder selection.              5)  roulette wheel selection 

3)  Uniform selection.                  6)  Tournament selection 

We can choose our custom fuction for selection, but we 

choose roulette wheel selection is more used, for Goldberg 

(1989). Used this thechnic individuals selected on their 

performance. Individuals are mapped one-to-one into 

contiguous intervals in the range and the size of each 

individual interval corresponds to the fitness value. the 

circumference of the roulette wheel is the sum of all 
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individual's fitness values, by take round and imminent, then 

in the table 10,  the  individual in first order    represented  

By segment corresponding 
      

   
       , a second    

corresponding a 
      

   
       , third    corresponding a 

     

   
       fourth   c orresponding a 

     

   
       

     

   
      . 

 
 

Fig. 10: Roulette Wheel 

    G Reproduction 
 

Reproduction options determine how the genetic 

algorithm creates children at each new generation. For this 

we can choose elite count and Crossover fraction. 

    

     H. Elite count 
 

Elite count the is a number of individuals that are 

guaranteed to survive to the next generation, we can choose 

minimum number for example 2. 
 

    I. Crossover 
 

Combines two individuals, or parents, to form a new 

individual, or child, for the next generation, for this we have 

six function : 

1)  Scattered.                    4)  Intermediate 

2)  Single point.               5)  Heuristic. 

3)  Two point.                  6)  Arithmetic. 

Or we can write our own crossover function. In our 

example we choose  Single point crossover and in most the 

crossover probability    was more 60 pourcent, so we take 

       . 

Selects vector entries numbered less than or equal to n 

from the first parent. and selects vector entries numbered 

greater than n from the second parent. For example when 

random crossover point is 3 see Fig. 11. 

 
Fig. 11 Crossover Single Point 

    J. Mutation 
 

mutation is a random process where one allele of a gene is 

replaced by another to produce a new genetic structure. 

Uniform mutation is randomly applied with low 

probability, typically in the range 0.001 and 0.01, and 

modifies elements in the chromosomes. The algorithm 

replaces each selected entry by a random number selected 

uniformly from the range for that entry. 

Adaptive feasible is another  mutation function used if 

there are constraints. In binary-coded, any bit   *   +, is 

remplace within probability operator    by his 

complementary  ̅     . 

In our study we take uniform mutation for checking 

AR(1) and Adaptive feasible mutation for checking AR(2)   

see Fig. 12. 

 
Fig. 12 Mutation Binary 

 

     K. Migration 
 

Migration is the movement of individuals between 

subpopulations, if Direction migration to Forward. That is 

the n’th subpopulation migrates into the (n+1)’th 

subpopulation. 

if Direction migration to Both. That is the nth 

subpopulation migrates into (n+1)’th and the (n+1)’th 

subpopulation. 
 

    L. Iterative process 
 

    We use a few programs and using toolboxes under Matlab 

logic for modeling our data , we introduce this result : 

 

 
 

Fig. 13 Best Fitness Best Individaul AR(1) 

 

 

 
 

 
Fig. 14 Best Fitness Best Individaul AR(2) 
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TABLE IV 

 GENETIC ALGORITHMS RESULT 

 

 

  M. remark 
 

In genetic algorithms program we take number of 

observation N = 32, but in Eviews program N = 31, when 

we take last number we have values of MSE, AIC less then 

our result. 

 

IV. CONCLUSION 
 

So when we compare between The result with genetic 

algorithms method table 4 and Box-jenkins table 2 taking 

the mean square errors and Akaike information criterion 

AIC for four models in the table 5. 
 

TABLE V  

COMPARISON BETWEEN GENETIC ALGORITHMS AND BOX-

JENKINS MODELS 

 

It's clear the model MOD4 introduce by genetic 

algorithms has a lower MSE and lower AIC (AIC formula is 

same to EVIEWS formula for AIC), then more models. And 

our time series is autoregressive lag one by Box-jenkins 

method, but our result using genetic algorithms is 

autoregressive lag two, so we conclude the genetic 

algorithms method give us good result and a best model. But 

one inconvenience of genetic algorithms method is 

stochastic, and arrived at a better solution by iterative and its 

results change with every run. 

 

    N.  remark 
 

Numbers of iterative = 51 for AR(1) and numbers of  

iterative = 6 for AR(2). numbers of restart=20. 
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MODEL COEFFICIENTS MSE AIC 

AR(1) MOD3: 
                      
      0968, 

             

      
      

  

-13.90189 

AR(2) MOD4:  
    = 0468 ,  
 
    =0524


=        

          

 

 

 

 

-
42.89038 

Method MODEL MSE AIC 

Box-jenkins MOD1              

MOD2            

genetic 

algorithms 

MOD3           -13.90189 

MOD4           -42.89038 
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