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Validation and Test Data
Set aside some target timesteps for validation and testing.

Select Percentages

a Randomly divide up the 64 target timesteps:

W Training: T0% 44 target timesteps
W Validation: 15% - 10 target timesteps
W Testing: 15% ~ 10 target timesteps

MATLAB R2016a gebiys (e slexe¥l adlall slae] oo 1 yuall
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4\ Neural Time Series (ntstool) - [m] *®
Network Architecture
Choose the number of neurons and feedback delays.
Architecture Choices Recomme: ndation
Define 2 nonlinear autoregressive neural network.  (narnet) Return to this panel and change the number of neurons or delays if the
network does not perform well after training.
Number of Hidden Neurons: 10

The network will be created and trained in open loop form as shown below.
Training with apen lao) cient than with
closed loop (multi-step) predicti s to supply the
Problem definition: yit) = Flylt-1),..yft-d)) network with correct feedback in it to produce the
correct feedback outputs.

Number of delays d: 2

After training, the network may be converted to closed loop form, or any
other form, that the application requires.

Restore Defaults

Neural Network

Hidden Layer with Delays Output Layer
y(t) =
1

B) Change settings if desired, then dick [Next] to continue.

& Neural Network Start 4 welcome @ Back | f
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(SCG) «(BR) plusmiuly deelibaio¥! depaall A all coyus Auloe pasbias :09 S

(LM)
@ Neual Network ¥ainng (nntrareocd) - o X 4 Newral Network Training (nntraintool) - o X
Wourat Netwerk Neural Netwock
Midden Ouput
L o
B o |
1 1
10 1

Algorithms
Dats Division: Randeen (Soderand] ANigeeithms

Traning Bayesian Regularization (1ranhe)

Pedormance:  Mean Squaced Emor (s Data Divisiore  Random  (dwiderand

Colculations:  MEX Tranng: Scaled Conpagate Gradient  (1rainicy
Performance:  Mean Squared Etroe (mae)
Propras Calculaticns:  MEX
Epoch %000
Tome: Progress
Pefomance 000 Epoch: (N | 71 teraons 1000
e 100607 | | Yine [ 20000
M 1.00e« 10
Sum Squared Paramx 00 Gradient: 63225 1.00¢-06
Vasdaton Chacks: | o Vabidatica Checks: o & = 7 E
4 Neursl Network Teaining (nntraintool) - (m] x

Neural Network

Hidden Oumput
Algorithms

Data Divisio:  Random  (dmderand)

Training: Levenberg-Marquardt (tranim)
Performance: Mean Squared Ervor (1 se)
Calculations:  MEX

Progress

Epoche 0 1 terations 1000

Time: 0:00:00

Performance: 4.76e+25 4.76e+25 0.00

Gradient: 122e+26 1.22e+26 1.00e-07
prree

M 0.00100 1.00e+11 = | 1.00es10

Validation Checks: o | o ] 6

MATLAB R2016a gy e sleze¥l 2lall slac] ¢ya t oyl
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NAR-AR, NAR-SCG, NAR-LM ¢ 3gaill &lda :01 Joaz!

Target MSE Regression (R)
Values NAR-ER. NAR-SCG NARLM NAR-EBR | NARSCG NARLM
Training 4 2147483647 | 2147483647 | 2147483647 | 0.998476 0.39883 0.983163
Validation 10 2147483647 | 2147483647 0.998534 0.992733
Testing 10 2147483647 | 2147483647 | 2147483647 | 0.997766 | 0.998282 0.930289
All 64 0.99843 0.998368 0.983808
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Train Network
Train the network to fit the inputs and targets.

Wy

Choose a trainng akgorithee & Target Values ) MSE @ar
M s . Training: 4 2147483647.0000..  5.98476e-1
e e @ Volidation: 1 0000000 0.00000e-0
Ilgomhﬂﬂyp-alfy requsres more tame, can mgood ‘
generalaation for dificult, smal or noisy datasets. Traiming stops @ Testing: 0 2474836470000 9.9TT6be-1
rding to adaptive wesght mins ion (regularestion)
Train using Bayesian Regulacization. (trainbs) Plot Error Histogram Plot Response
Train Network
Train the network to fit the inputs and targets.
| Train Network Results
Choose a training algorithme & Target Values 5 MsSE Ar
9 Training: &l 2147483647.0000...  9.98830e-1
: : 22, i @ validation: 10 2147483647.0000..  §.98534e-1
This algorithm requires less y. Training iy stops when :
generak stops improving as indicated by an increase in the mean W Testing: 10 2147483547.0000...  9.98282¢-1
square error of the validation samples.
Train using Scaled Congugate Gradient. (lrnnscg) Plot Error Histegram Plot Response
) Retrain Plot Error Autocorrelation |
Train Network
Train the network to fit the inputs and targets.
Train Network Rewults
Chocse a training algorithere & Tacget Values 1) mse “r
Levenberg-Marquardt | ~ W Teaining: 4 2147483647.0000...  9.83163e-1
) } . : : ) @ Validation: 10 2147483647.0000...  9.92733e-1
This algorithm typically req more y but less time. Training %
ally stops when generakization stops impecving, as indicated by @ Testing: 10 2147483647.0000...  5,80289€-1
an increase in the mean square error of the validation samples.
Train using Levenberg-Marquaedt, (trainim) Plot Error Histoge Plot Resp
| ¥ Retran | | Plot Ermor Autocorelation |
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Optionally perform sdditonal tests
B @ Targets data vl o

Timestep: () Wi Cell cobume ) [ Matrix column () [=] Matrix o

Targets "data’ i3 a x| matr, representing dynamic deta: & trmesteps of 1
element.

& Test Metwork
= 214TABBEAT 00000
#n §.508ke-1
Plat Error Histogram Plat Reponze
Plot Errar faccomelation

Opticnally perform additonasl tests
B @ Targets:

Optionally perform additonal tests
B & Targets dats || -

Timne stem (73 ] Cell ooty 70 ) Bt codurnn (83 ) P atrin o

Teegets "data’ m a Sa ] matnia, representing chmamic date: 64 bresteps of 1

elernent.
i Tast Metwork
=) me FIATA26AT. 000000
Ar 5084301
Plck Errer Hisbogram Plot Response
Plot Eror Autocomelaticn
data vl =

Tirne stege (] Cell cotumen (0 ] Matrin column @[] Matri row

Targets "data’ is a 641 madrie, representing dynarmic datec 54 timesteps of 1

slement,
 Tast Metwerk
&l mse Z14TAEIEAT. 000000
= r §.838088-1
Plot Error Histogram Plot Resporse
Plot Errar Autocorrelstion
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¢ Editor - Untitled® [LIER |/ Variables - output
| Untitled3.m | Untitled® ¢ | + |

1 h Solve an Autoregression Time-Series Problem with a NAR Neural Network
2 % Script generated by NHeural Time Series app

3 % Created 02-Jun-2025 04:55:42

4 %

5 % This script assumes this wvariable is defined:

& %

7 % data - feedback time series.

g

g T = tonndata (data,false,false);

10d

11 % Choose a Training Function

12 % For a list of all training functions type: help nntrain

13 % '"trainlm' is usually fastest.

14 % '"trainbr' takes longer but may be better for challenging problems.

15 % '"trainscg' uses less memory. Suitakble in low memory sSituations.

16 trainFcn = 'trainscg'; % Scaled conjugate gradient backpropagation.

17

13 % Create a Honlinear Autoregressive Network

15 feedbackDelays = 1:2;

20 hiddenLayerSize = 10;

21 net = narnet (feedbackDelays, hiddenLayerSize, "open',trainFcn) ;

Editor - Untitled™ 4 Variables - cutput

+ |

Untitled®

Untitled3.m =

23
24
23
26
27
28
29
30
21
32
23
34
25
36
37
38
25
40
41
42
43
44

% Prepare the Data for Training and Simulation

% The function PREPAERETS prepares timeseries data for a particular network,
% shifting time by the minimum amount to £ill input states and laver

% states. Using PREEPARETS allows you to keep yvour original time series data
% unchanged, while easily customizing it for networks with differing

% numbkers of delays, with open loop or closed loop feedback modes.
[x,%xi,ai,t] = preparcts(net, {},{},T):

% Setup Division of Data for Training, Validation, Testing
net.divideParam.trainRatio = T0/100;
net.divideParam.valRatio = 15/100;
net.divideParam.testRatio = 15/100;

% Train the NHetwork
[net,tr] = train(net,x,t,xi,ai):

% Test the Hetwork

v = net(x,xi,ai);

e = gsubtract (t,vy):
performance = perform({net,t,v)

% View the Network



Ea Editor - Untitled* [GIFA L2 Variables - output

| Untitled.m

+ |

Untitled®

44
45
48
47
43
45
a0
a3l
32
33
54
a5
56
a7
28
38
a0
6l
62
63
ad
&5

E: Editor - Untitled*
| Untitled3.m |

% View the Hetwork
view (net)

% FPlots

% Uncomment these lines to enakle wvarious plots.
$figure, plotperform(tr)

(figure, plottrainstate(tr)

¥figure, ploterrhist (g)

(figure, plotregression(t,y)

(figure, plotresponse(t,y)

(figure, ploterrcorr (e)

(figure, plotinerrcorr (x,ec)

% Closed Loop Hetwork

% Use this network to do multi-step prediction.

% The function CLOSELOCFE replaces the feedback input with a direct
% connection from the outout layer.

netc = closeloop (net) !

netc.name = [net.name " - Closed Loop']:

view (netc)

[xc,xic,aic,tc] = preparcets(netc, {},{},T):

yo = netc(xc,xic,aic):

Variables - output

62
63
a4
63
66
a7
Litid
69
70
71
72
73
T4
15
76
77
78
79
a0
g1
g2

Untitled* @ | + |
netc.name = [net.name ' - Closed Loop']:
view(netc)
[xc,xic,aic,tc] = preparets(netc, {:,{},T);

vo = netc(xc,xic,aic);

closedLoopPerformance = perform(net, tc, ¥yc)

Step-Ahead Prediction Network

For some applications it helps to get the prediction a timestep early.
The original network returns predicted y(t+l) at the same time it is
given v(t+l). For some applications such as decision making, it would
help to have predicted y(t+l) once y(t) is availakle, but before the
actual v(t+l) occurs. The network can be made to return its output a
timestep early by removing one delay so that its minimal tap delay is now
0 instead of 1. The new network returns the same outputs as the original

of e dP o df oP df o o

network, but outputs are shifted left one timestep.
nets = removedelay (net);

nets.name = [net.name ' - Predict OCne Step Ahead']:
view(nets)

[x3,xis,ais,t3] = preparets(nets, {:,{},T);

vE = nets(xs,xis, ais);

stephheadPerformance = perform(nets,ts,ys)
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Abstract:

This study aims to use a Non-linear Autoregressive NAR neural network for
accurate forecasting of Algeria's Gross Domestic Product GDP based on constant
prices for the period extending from 1960 to 2023. The research falls within the broader
efforts to develop economic forecasting methods through the application of artificial
neural networks. The study's findings confirm the high effectiveness of the artificial
neural network model in GDP forecasting, demonstrating a significant convergence
between the predicted and actual values. Furthermore, a comparison among the
algorithms used to train the model revealed that the NAR-SCG algorithm yielded the
best performance. Based on these results, GDP forecasts for Algeria for the next four
years (2024-2027) were generated, offering prospective insights to support economic
planning.

Keywords: Gross Domestic Product, Economic Growth, Forecasting, Artificial Neural
Networks, Nonlinear Autoregressive Network.



