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Abstract:

Through this study, we aim to test the validity of genetic algorithms in
predicting Algeria’s economic growth, using annual data on Algeria’s
gross domestic product rates from 1980 to 2022. We first applied the
classic methodology common in ARIMA time series forecasting, and
after going through all the stages of applying this Methodology We chose
the ARMA (1.0) model as the best prediction model based on the lowest
value of the AIC and SC criteria. In order to demonstrate the
improvement advantage of genetic algorithms, we used them in the
process of improving ARIMA models by adopting the criterion of the
least value of the mean sum of squares of errors (MSE), where the GA-
ARIMA (0.2) model was chosen, which is considered the optimal
solution based on this methodology, and one of the most important
conclusions we reached is that Genetic algorithms are more effective the

more complex the problem.

Keywords: genetic algorithms, ARIMA, forecasting, economic

growth, efficiency.
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Date: 12/10/23 Time: 10:49

Sample: 1980 2022

Included observations: 43

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

T (O 1 0.361 0.361 6.0059 0.014
I s T 2 0.196 0.076 7.8253 0.020
I s I 3 0.149 0.065 8.8983 0.031
I s 4 -0.071 -0.178 9.1454 0.058
I I 5 -0.062 -0.009 9.3423 0.096
I N 6 0.001 0.055 9.3424 0.155
I I T v 7 0.072 0.117 9.6241 0.211
s am 8 -0.164 -0.284 11.113 0.195
s I T i I 9 -0.222 -0.170 13.922 0.125
s [ I = 10 -0.236 -0.113 17.197 0.070
(I i I s 11 -0.150 0.141 18.557 0.070
o (I s 12 -0.169 -0.130 20.331 0.061
| I 13 -0.041 0.004 20.441 0.085
| N i 14 -0.032 -0.121 20.511 0.115
s I (I s 15 -0.219 -0.147 23.836 0.068
I = I 16 -0.107 0.009 24.664 0.076
s s 17 -0.228 -0.224 28.523 0.039
I I 18 -0.059 0.054 28.791 0.051
| I I 19 0.035 -0.009 28.888 0.068
| N 20 0.051 -0.011 29.109 0.086
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Dependent VVariable: GDP

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date: 12/10/23 Time: 11:05

Sample: 1980 2022

Included observations: 43

Convergence achieved after 8 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 2.562852 0.599133 4.277601L 0.0001
AR 0.357746 0.135730 2.635720 0.0119
SIGMASQ 5.091069 1.015701 5.012368 0.0000

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.132129
0.088735
2.339423
218.9160
-96.07382
3.044888
0.058764

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

2.578851
2.450679
4.608085
4.730959
4.653397
2.033174

Inverted AR Roots

.36
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Date: 12/10/23 Time: 11:10

Sample: 1980 2022

OQO-statistic probabilities adjusted for 1 ARMA term

Autocorrelation Partial Correlation AC PAC QO-Stat Prob

[ | 1 [ | ! 1 -0.023 -0.023 0.0247
1 [ I ! [ I 2 0.050 0.050 0.1435 0.705
1 = ! = 3 0.136/ 0.139 1.0444 0.593
[ = | 1 [ = | 1 4 -0.127| -0.126 1.8482 0.604
[ | ! = | ! 5 -0.053| -0.075 1.9911 O0.737
1 ) 1 [ | ! 6 -0.005 -0.013 1.9927 0.850
1 = 1 = 7 0.160 0.211 3.3676 O0O.761
[ s | 1 [ = | ! 8 -0.153| -0.156 4.6536 0.702
[ = | 1 [ s | 1 9 -0.121 -0.184 5.4893 0.704
[ s | 1 [ s | ! 10 -0.155 -0.223 6.9027 0.647
[ ! ! @ 11 -0.029 0.105 6.9550 O0.730
[ s | ! = | ! 12 -0.140 -0.093 8.1826 0.697
1 1] 1 ! | ! 13 0.028 0.010 8.2320 O0.767
1 [ I [ | ! 14 0.063 -0.065 8.4986 0.810
= 1 [ s | ! 15 -0.227 -0.176 12.057 0.602
1 [ I ! i ! 16 0.046 0.028 12.208 O0.663
= 1 [ s | ! 17 -0.231 -0.236 16.168 0.441
1 ) ! [ | ! 18 0.007 -0.025 16.171 0.512
1 [ I ! [] ! 19 0.048 -0.013 16.356 0.568
1 fi 1 1 | 1 20 0.029 0.019 16.429 0.628
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Series: Residuals
7 Sample 1980 2022

Observations 43

Mean 0.017472
Median 0.078227
Maximum  3.680766
Minimum  -7.103748
Std. Dev. 2.282974
Skewness  -0.605362
Kurtosis 3.701987
0 . .. Jarque-Bera  3.509232
4 <7 6 5 4 3 2 1 0 1 2 3 |4

Probability ~ 0.172974
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GDP: Inverse Roots of AR/MA Polynomial(s)
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Forecast: GDPF
Actual: GDP
Forecast sample: 2022 2025
Included observations: 4
Root Mean Squared Error 0.237662
— — — Mean Absolute Error 0.237662
Mean Abs. Percent Error 7.666502
Theil Inequality Coef. 0.039860

Bias Proportion 1.000000

Variance Proportion NA
Covariance Proportion NA
Theil U2 Coefficient NA
Symmetric MAPE 7.972092
2022 2023 2024 2025
—— GDPF +2S.E
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2 0 1| 0l 0] 0o 0 of o 0 0
3 0| of 1| o o of o o o0 O
1 o of o 1/ o of o o o o0
5 0 o o of 1| o o of of o
Il slas] et ydaadl
5V Jgb s 2.2

S Y dly el byd b s lelay st BU A e slaae VU a8l Sl o Led oz
Lo sag MSE (s Y1 ol g3t Loyl 3 @3l 3id o oo 3Y) Jalodd L O Lzl

g;\jl\ Jj_x;.L\ Aoy

AoV Jsldt 1(8) Jgud

1 1000000000 6.853952
2 0100000000 8.324315
3 0010000000 7.474349
4 0001000000 9.964062
5 0000100000 9.704258
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() jailad) s
) adlee 3 ldy i Ky o Wk olsladd L Al i s e L] Wy Sl o
MATLAB iy sz
MATLAB gty e dotdl 45U d L
MATLAB i1y A (function) &sli &1 4us™.1

ade a3 Matlab ad sbzs cg ol IS5 de ARIMA 2358 2 255

function asdW dis :(9) Jaus!

function error = armalObjectiwveFunction(params,data)
arOrder = round{(params{1));
malrder = round(params{2)});
tTry
armaModel = arima( ' ARLags",l:arfOrder, "MAlLags',l:malOrder, 'Constant',&);
fitted = simulate(armaModel, length{data));
error = sumf{data - fitted).”2);
catch
% Retwurn a high error if the ARIMA model is not walid
error = lel@;
end
end

MATLAB 2023 b plascals Ul shae] o gokaabl

A Sl Olodas s 2

SLLI g Al dnb Lo tely cad) Sl ekl oladal b o] e o
ind) Ol led) Oladas 1(10) Jgid

objFunc = garmaObjectiveFunction;

% Genetic Algorithm parameters

options = optimoptions(“ga”, 'MutationFcn’,8.2, 'PopulationSize’, 58, 'MaxGenerations', 188);
% Define parameter bounds

nvars=18;

[bestparams,Fval]= ga(objFunc,nvars,options)

MATLAB 2023 it plaszal Ul shae] o gkaabl
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[bestParams, fwval] = ga(fitnessFunction,nwvars,options])

disp( " Best ARMA Paramsters:');

disp(["AR Order: ', num2str{bestParams{1))]);

disp(["'MA Order: ', num2str{bestParams{2))]);

% Create and plot the best ARMA model

bestARMA = arima{ ARLags ,l:bestParams(l), "'MalLags ,l:bestParams(2));

MATLAB 2023 a1y Je (i slas] e 2 el

ol e 6}4.4 ‘b.w};ﬁ O ded L}JT L}l J},\p}ﬂ < ac-‘))‘j’u oda QG axy (6: L“QVU\ g,d}:.“ b gﬁé}ﬁ\"-
<R4$IE.;Uz;§\

o GAZ Slalgh) Jis dm o] Losd) & 2348 el OB L) 1 g
ARMA(0,0,2)

LY GA-ARIMA #3546 :(13) Jgud!

ARIMA (0,0,2) Model (Gaussian Distribution):
Value StandardError TStatistic PValue
Constant 2.561 0.55278 4,633 3.6048e-06
MA{1} ®.30007 0.15363 2.0189 0.043497
MA{2} 0.11836 0.18788 0.62999 0.5287
Variance 5.1588 10540 4.,9886 6.081e-07

MATLAB 2023 w2 s slazeVU LIl slas] e 0yl

Y, = 2.561 +0,31017¢;_; + 0.11836¢;_,

MCE=4.97
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GA-ARIMA 34 plaiszal 2 32316
o) Szl Sl s gy GA-ARMA (0.2) Zpall 2350l plasan] o 35kl ods &
S B oV i) oy e Jgadd D e WS QWL s as BU 2 Al

2025 1 s> JlaY

5l ol :(14) Jgus

3.082687621264744 2023
2.620685608929281 2024
2.57079898960785 2025

MATLAB 2023 w2 e lly Call slas] oy yaal

Al 23Uy Alolal) U Gkl

by QU s W LY el DDs 0 ARIMA U Geed & Al Slaglil) Lk |8
B sleb W 3y (o33 IS ARIMA 236 plisint Ld clas W Slapo § g0t Lagin Jlas Jo
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MCE 5.09 4.97

. Eviews12 ; Matlab2023 wix 2 1sLy 1sbaxel LI slas] e gtaahd
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Null Hypothesis: GDP has a unit root
Exogenous: Constant, Linear Trend

Lag Length: O (Autom atic - based on SIC, max<iag=9)

-Statistic

Prob.>*

Auamented Dickev-Fuller test statistic —AaA.328650 O. 0070
Testcritical values: 120 level 4. 192337

526 level -3.520787

10206 level -3. 191277

Dependent VVariable: D(GDP)
NMethod: Least Squares

Date: 12/15/23 Time: 1 7:35
Sample (adjusted): 1981 2022

*MacKinnmnon (A996) one-sided p-values .

Augmented Dickev-Fuller Test Equation

INncluded observations: 42

after adjustments

Variable

Coefficient

Std. Error

-Statistic

Prob.

SDP -1

(s
@ TREND(C' 1980

- 0.641566
1.948698
-—-0.011496

o.14a8214
o.84704a7
0.029950

-4.328650
2.300580
0.3 83847

O.0001L
oO.0oz26e8
O. 7032

R-squared
Addjusted R-squared
S E. of regression
Sum sqquared resid
Log likelihood
F-statistic
Prob(F-statistic)

o.324a4781
oO.290154
2.349154
215.2225
—93.9094a48
D.379501
O.0004a72

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz=z criterion
Hanmnmnan-Quinn criter.
Durbin-WWatson stat

054986
T88235
- S1AaA4737
T3IB856
660232
O0O3a994az2

NAMANO

(2z35:1) GDP Jgp S5 jlas) il 12 ol

Null Hypothesis: GDP has a unitroot
Exogenous: Constant
Lag Length: O (Autom atic - based on SIC, maxlag=9)
t-Statistic Prob.*
Auamented Dickev-Fuller test statistic -4.360853 0.0012
Test critical values: 126 level -3.596616
5906 level -2.933158
10%06 level -2.604867
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent VVariable: D(GDP)
Method: Least Squares
Date: 12/15/23 Time: 17:37
Sample (adjusted): 1981 2022
Included observations: 42 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
GDP(-1) -0.638458 0.146407 -4.360853 0.0001
C 1.693553 0.519400 3.260593 0.0023
R-squared 0.322230 Mean dependent var 0.054986
Adjusted R-squared 0.305285 S.D. dependent var 2.788235
S.E. ofregression 2.323981 Akaike info criterion 4.570889
Sum squared resid 216.0356 Schwarz criterion 4.653635
Log likelihood -93.98866 Hannan-Quinn criter. 4.601218
F-statistic 19.01704 Durbin-Watson stat 2.033981
Prob(F-statistic) 0.000088
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(1z353) GDP aldd Ji S5 jlast il 23 goll

Null Hypothesis: GDP has a unitroot
Exogenous: None
Lag Length: 2 (Autom atic - based on SIC, maxlag=9)
t-Statistic Prob.*
Auamented Dickev-Fuller test statistic -1.629837 0.0966
Test critical values: 196 level -2.624057
590 level -1.949319
10%6 level -1.611711
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent VVariable: D(GDP)
Method: Least Squares
Date: 12/15/23 Time: 17:51
Sample (adjusted): 1983 2022
Included observations: 40 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
GDP(-1) -0.196067 0.120298 -1.629837 0.1116
D(GDP(-1)) -0.378231 0.169018 -2.237811 0.0313
D(GDP(-2)) -0.233146 0.175806 -1.326154 0.1929
R-squared 0.276507 Mean dependent var -0.082500
Adjusted R-squared 0.237399 S.D. dependent var 2.783458
S.E. of regression 2.430711 Akaike info criterion 4.686283
Sum sqgquared resid 218.6091 Schwarz criterion 4.812949
Log likelihood -90.72566 Hannan-Quinn criter. 4.732081
Durbin-Watson stat 2.006074

ARIMA (1.0.0) z35¢ :4goull

Dependent VVariable: GDP

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date: 12/15/23 Time: 17:54

Sample: 1980 2022

Included observations: 43

Convergence achieved after 8 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 2.562852 0.599133 4277601 0.0001
AR((1) 0.357746 0.135730 2.635720 0.0119
SIGMASQ 5.091069 1.015701 5.012368 0.0000
R-squared 0.132129 Mean dependent var 2.578851
Adjusted R-squared 0.088735 S.D. dependent var 2.450679
S.E. of regression 2.339423 Akaike info criterion 4.608085
Sum squared resid 218.9160 Schwarz criterion 4.730959
Log likelihood -96.07382 Hannan-Quinn criter. 4.653397
F-statistic 3.044888 Durbin-Watson stat 2.033174
Prob(F-statistic) 0.058764
Inverted AR Roots .36
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ARIMA (0.0.1) 5401 :5 gl

Dependent VVariable: GDP

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date: 12/15/23 Time: 17:57

Sample: 1980 2022

Included observations: 43

Convergence achieved after 8 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 2.563441 0.507655 5.049569 0.0000
MA(1) 0.320987 0.152590 2.103590 0.0417
SIGMASQ 5.209176 1.041049 5.003775 0.0000
R-squared 0.111995 Mean dependent var 2.578851
Adjusted R-squared 0.067595 S.D. dependent var 2.450679
S.E. of regression 2.366403 Akaike info criterion 4.630362
Sum squared resid 223.9946 Schwarz criterion 4.753237
Log likelihood -96.55279 Hannan-Quinn criter. 4675675
F-statistic 2.522396 Durbin-Watson stat 1.918287
Prob(F-statistic) 0.092963
Inverted MA Roots -.32

ARIMA (1.0.1) 5501 :6g2lls

Dependent VVariable: GDP

Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 12/15/23 Time: 17:59

Sample: 1980 2022
Included observations: 43

Convergence achieved after 32 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 2.560950 0.646759 3.959665 O0.0003
AR (L) 0.518476 0.395425 1.311187 0.1975
MA(CL) -0.186246 0.461072 -0.403941 0.6885
SIGMASO 5.062509 1.032224 4.904466 O0.0000
R-squared 0.136997 Mean dependent var 2.578851
Adjusted R-squared O0.070612 S.D. dependent var 2.450679
S.E. of regression 2.362571 Akaike info criterion 4.649165
Sum sqquared resid 217.6879 Schwarz criterion 4.812997
Log likelihood -95.95704 Hannan-Quinn criter. 4. 709581
F-statistic 2.063681 Durbin-Watson stat 1.983126

Prob(F-statistic)

Inverted AR Roots 52
Inverted MA Roots A9
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