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Résumé:

Cette ¢tude vise a identifier la méthode des réseaux de neurones
artificiels et leur capacité en matiere de modélisation des revenus des

marchés financiers pour prévoir leurs niveaux futurs.

Pour cela on a commencé par apprentissage du réseau de neurones
artificiels en lui introduisant les données de la série temporelle des

revenus du marché financier de Dubai pour la période 04/12/2006 au

04/01/2015.

La prévision pour la période 05/01/2015 au 03/02/2015 a donné des
résultats proches des valeurs réelles ce qui confirme l'efficacité du

modele des réseaux de neurones artificiels en prévision.

Mots clés: réseaux de neurones artificiels, prévision, marché financier de

Dubai .
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Command Window @ | | Workspace (O]

>» i=dubai(:,1)':

MName Value M

>» t=dubai(:,2)'; || datatest <224 double> 33
>» s=datatest(:,1)"; I dubai <2021x2 double> 13

>» nnstart i «1x2021 double> 13

i v Hs <1x22 double> 23
ot <1x2021 double> 13

4\ Neural Metwork Start (nnstart) o |

Welcome to Neural Network Start

Learn how to solve problems with neural netwaorks.

Getting Started Wizards | More Information <« [

1 ] »

Command History @
Each of these wizards helps you solve a different kind of problem. The last panel of each - R — -
wizard generates a MATLAB script for solving the same or similar problems. Example datasets E‘”%:7 31/05/2018 19:01 --%
are provided if you do not have data of your own. i=dubai(:,1)"';:

~ot=gubai(:,2)':
;—---5=data:e5t f:,1)0:

Input-output and curve fitting & Fitting Toal (nftool) “nnstart

Pattern recognition and classification [ & Pattern Recognition Toal l (nprtool)

Clustering & Clustering Tool (nctool)
Dynamic Time series. M Time Series Tool (ntstool)

Ll

(oS

MATLAB R2013b s stesty il stas) 0
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4\ Neural Metwork Time Series Tool (ntstool) EI_IéJ

Welcome to the Neural Network Time Series Tool.

Solve a nonlinear time series problem with a dynamic neural network.

Introduction Select a Problem

Prediction is a kind of dynamic filtering, in which past values of one or more @ Monlinear Autoregressive with External (Exogenous) Input (NARXE
time series are used to predict future values. Dynamic neural networks, ] ] ] ]

which include tapped delay lines are used for nonlinear filtering and Predict series y(t) given d past values of y{t) and another series x(t).
prediction,

+_I ¥E0) = Fx(t-1),..x(t-d),

yit-1)...y(t-d))

There are many applications for prediction. For example, a financial analyst x{t I_é’——J(—l::
might want to predict the future value of a stock, bond or other financial

instrument. An engineer might want te predict the impending failure of a

Jet engine,

() Nonlinear Autoregressive (NAR)

Predictive models are alse used for system identification (or dynamic
madelling), in which you build dynamic models of physical systems. These

dynamic models are important for analysis, simulation, meonitoring and
control of a variety of systems, including manufacturing systems, chemical 3 u yit) = fly(t-1),..y(t-d))
processes, robotics and aerospace systems.

This tool allows you to solve three kinds of nonlinear time series problems
shown in the right panel. Choose one and click [MNext]. () Nonlinear Input-Output

Predict series y(t) given d past values of y(t).

Predict series y(t) given d past values of series x(t).

Important Mote: NARX solutions are more accurate than this selution.
Only use this solution if past values of y(t) will not be available when

deployed.
X(t) |_¢H::D_«::J')_I yi8) = F(u(t-1),...5(t-dl))

® To continue, dick [Mext].

’ ¢ Meural Metwork Start ] 4 Welcome @ Back ’ B Next ] ’ @ Cancel ]
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| Validation and Test Data
| t aside some target timesteps for validation and testing.
| Set asid g ps for valid nd g

Select Percentages Explanation

& Randomly divide up the 2021 target timesteps: &% Three Kinds of Target Timesteps:

7] Training: T0% 1415 target timesteps o Training:

r 1 - These are prezented to the network during training, and the network is
W Validation: | 15% - | 303 target timesteps a d 2

adjusted according to its error.
[T ] Testing: | 15% | 303 target timesteps
' ’ W Validation:

These are used to measure network generalization, and to halt training
when generalization stops improving.

G Testing:
These have no effect on training and so provide an independent measure of
network perfoermance during and after training.

Restore Defaults

é Change percentages if desired, then dick [Next] to continue.

[ & Meural Metwork Start ] [ 144 Welcome ] [ 4@ Back H B Next ]

MATLAB R2013b s staxsty udilal slas) o : jiaall

58



tk Lo Ll £ aa ) T35k dsg) J1 3 glad!

s oo ol lle Ual LSyl (sslavy alized) olpad) sie ol J5aY) Slsuas sds—

saalie 1415 (3 ity o 2ld5 ol pUT liels iesd) ¥l die U1 (35 Bom

g ddday W cosas Bl Sl 3 pdsand) o) 203 e dazey (slly 2l ikl s
Sbsmas 10 O W sas g 2l @b 8 504 sy 2l Sl smanl) sde—

Al gl s lly 21 2Y) Ograe-

O 13 Joadl S S )l e Jimgs 2 olay AU e 21N a0 LS

11V3JJ§,Q\L;W,A@§

Gmasll 8030 lans O 11 35 IS

=
-\ Meural Network Time Series Tool (ntstool)

(=

Network Architecture
Choose the number of neurons and input/feedback delays.

Architecture Choices Recommendation

Define a NARX neural network.  (namnet) Return to this panel and change the number of neurons or delays if the
network does not perform well after training.
Mumber of Hidden MNeurons: 10

The network will be created and trained in open loop form as shown below.
Mumber of delays d: 2 Open loop (single-step) is more efficient than closed loop (mMulti-step)
training. Open loop allows us to supply the network with correct past
Problem definition: wit) = Fiae(t-1),.2c(t-d),pwit-1), . wit-d)) outputs as we train it to produce the correct current outputs.

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

Restore Defaults

MNeural Network

() Hidden Layer with Delays

y(t)

$ Change settings if desired, then click [Mext] to continue.

[ 4 Meural Metwork Start ] [ Kk welcorme || <m Back |[ = Next ] [ @ Cancel
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Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mise)
Derrvative: Default (defaultderrs)

Progress
Epoch: 0 E 27 iterations | 1000
Time: | 0:00:04 |

Performance:  495e+07 [ 3 dee03 T | 000
Gradient: 9.22+07 [ USHER03 T | 1.00e-07

Mu: 0.00100 | 10.0 | 1.00e+10
Validation Checks: 0| 6 | 6
Plots

Performance (plotperform)

Training State (plottrainstate)

Error Histogram (ploterrhist)

Tirne-5eries Response (plotresponse)

Error Autocorrelation (ploterrcorr)

: |
l )
l )
[ Regression | (plotregression)
l )
l )
l )

Input-Error Cross-correlation (plotinerrcorr)

Plot Interval: U 1 epochs

MATLAB R2013b s stexsy il stie] o : jiual
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File Edit View Inset Tools Desktop Window Help

Error Histogram with 20 Bins

900 - -Training |
B Validation
800+ B st g
Zero Errar
700
g 600 .
=
o 200~ =
kT
£ 400 =
3001 .
200 .
100 =
0 m—= o <f o 0o — 0 W O O D 00 o = 0 — O3 I
0 — O W 4 =< T T T <o B = T S
00 = B W — D oo =t Wy o g N o — W O o= 0O O
= =r {"'I'J i I{VI'J i = = VY o N P — — NN )

Errors = Targets - OQutputs
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Input-Error Cross-correlation (plotinerrcorr) | B
File Edit View Inset Tools Desktop Window Help o
Correlation between Input 1 and Error 1 = Target 1 - Output 1
T T T T T T T I |
I Correlations
i Zero Correlation ]
------- Confidence Limit
6000 -
|
c 4000 ~ —
=
T
o 2000
3
0
-2000 -
000 frmmmm oo ooooooosooososososoosososooooo
I I I ] I ] I ] I
20 15 -10 b 0 b 10 15 20
Lag
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4\ Neural Network Time Series Tool (ntstoal) ]
J-LD Network Architecture
Z Choose the number of neurons and input/feedback delays.

Architecture Choices Recommendation

Define a NARX neural network.  (namnet) Return te this panel and change the number of neurons or delays if the

i network does not perform well after training.
Number of Hidden Neurons: 10
The netwaork will be created and trained in apen loop form as shown below.
Number of delays d: 1 Open loop (single-step) is more efficient than closed loop (multi-step)
training. Open loop allows us to supply the netwark with correct past
Problem definition: yit) = fixft-1),...clt-d),yit-1),.,y(t-d)) outputs as we train it to produce the correct current outputs,

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

y(®

$ Change settings if desired, then click [Next] to continue.

[ & Neural Network Start l [ 144 Welcome ] | @ Back |[ B Next l [ @ Cancel l
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u Error Hlstugmm (ploterrhist) Lug

File Edit Wiew Insert Tools Desktop Window Help

Error Histogram with 20 Bins

1000 -Training
I N validation ||
I Test
200 Lero Ermror | |

600

Instances

400

200

0
O 0 — «— 0 0 00 M = =T ) W M~ o 0 O & — — M
B YR 0 oo o=owo S 29N 2w o3 B
=T O — © ¢ @ M O 0o @ o0t — I
= T MmO = = 0 om0 = — o

Errors = Targets - Outputs
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. Input-Error Cross-correlation (plotinerrcorr) = | B |-
File Edit View Insert Tools Desktop Window Help o
Correlation between Input 1 and Error 1 = Target 1 - Output 1
T T T T T T T I
A000 e o oo I Correlations
Zero Correlation
N Confidence Limit 1
2000 - =
= - _
=
E 0
S 00 -
-2000 - .
-3000 - .
I I I 1 I 1 I 1 I
20 15 -10 5 0 5 10 15 20
Lag

MATLAB R2013b s stes¥y il stae] o : el

i BT sl 1 e ) il el 2 s 0F 183, JSCadl J9s n S LS
LY Jales SIS 5 ) dhos 83le] day Bpno aad 3lg) & ) ZMSE i cr sl

ol g ClaaVl Bl awlall aad)l oSa U1 g aslgl e e o IR

66



R s MSE  (s,Lak a5l ijs:lS o S

-
R T W SN | S
@ Evaluate Metwork I

Optionally test network on more data, then decide if network performance is good enough. i

Iterate for improved performance Optionally perform additonal tests

Try training again if a first try did not generate good results i Tnputs: .i M E

or you require marginal improvement. @ Targets: .t = E

‘;] Train Again Time step: ) i} cell column @ [} matrix column @) [E] Matrix row

Inputs i" is a 12021 matrix, representing dynamic data: 2021 timesteps of 1
Increase network size if retraining did not help. element,

| B Adjust Network Size

Targets 't' is a 1x2021 matrix, representing dynamic data: 2021 timesteps of 1
element,

Mot working? You may need te use a larger data set.

’ & Import Larger Data Set &9 Test Network
MSE
R

3543.96152e-0
9.99197e-1

’ Plot Error Histogram ] ’ Plot Response ]

’ Plot Error Autocorrelation ] ’ Plot Input-Error Correlation ]

o Click an improvement button, plot, or click [Next]

’ & Neural Network Start ] ’ 1 welcome ]

| ®@Back |[ ® Nt | [ @ cCancal |
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4\ NARX Neural Network - Predict One Step Ahead (view) Lo 0 e
I{ﬂ HiddEI'l
- .
y(t)
1 -
4 3
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Simulation Data Simulation Results

Inputs

Outputs outputs_predict

Init Input Delay States (zeros) Final Input Delay States networkl_inputStates

Init Layer Delay States (zeros)
Supply Targets ]
Targets | (zeros)

Final Layer Delay States networkl_layerStates

Errors networkl_errors

[ Simulate Metwork
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3810,75938 3 689,06 2015/01/05
3799,99682 3 565,56 2015/01/06
3797,43876 3 450,00 2015/01/07
3801,74291 3 600,33 2015/01/08
3808,63586 3 674,29 2015/01/11
3830,70915 3774,86 2015/01/12
3823,20064 3749,37 2015/01/13
3845,67222 3814,54 2015/01/14
3845,46104 3 814,05 2015/01/15
3858,94219 3 842,60 2015/01/18
3893,31392 3.899,53 2015/01/19
3889,19084 3 893,50 2015/01/20
3878,97401 3877,77 2015/01/21
3862,7943 3849,92 2015/01/22
3882,23949 3 882,93 2015/01/25
3869,65788 3862,25 2015/01/26
3816,97578 3723,21 2015/01/27
3816,38557 3720,39 2015/01/28
3819,91601 3 736,30 2015/01/29
3808,65056 3 674,40 2015/02/01
3857,72509 3 840,22 2015/02/02
3839,37499 3799,18 2015/02/03
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% Solwve an Auntoregression Problem with External Input with a NARX Neural Hetwork
% Script generated by NISTOOL
Created Tue May 31 19:24:04 GMT+01:00 2016

This script assumes these wvariables are defined:

E
L3
%
%
% i - input time series.

% t - feedback time series.
inputSeries = tonndata(i,true,false):
targetSeries = tonndata(t,true,false);

% Create a Nonlinear Autoregressive Network with External Input
inputDelays = 1:1;

feedbackDelays = 1:1;

hiddenlLayerSize = 10;

net = narxnet (inputDelays, feedbackDelays, hiddenlLayerSize) ;

Prepare the Data for Training and Simulation

The function PREPARETS prepares timeseries data for a particular network,

shifting time by the minimum amount to fill input states and layer states.

Using PREPARETS allows you to keep your original time series data unchanged, while
easily customizing it for networks with differing numbers of delays, with

open loop or closed loop feedback modes.

inputs, inputStates, layerStates, targets] = preparets (net,inputSeries, {},cargetSeries);

e ]

% Setup Division of Data for Training, Validation, Testing
net.divideParam.trainRatio = 70/100;
net.divideParam.valRatio = 15/100;
net.divideParam.testRatio = 15/100;
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32 % Train the Network

33 [netc,cr] = train(net,inputs,targets,inputStates, layerStates);

34

35 % Test the Network

EL outputs = net (inputs,inputStates, layerStates);

37 errors = gsubtract (targets,outputs);

38 performance = performinet,targets,outputs)

39

40 % View the Network

41 view(net)

42

43 % Plots

44 % Uncomment these lines to enable varicus plots.

45 ifigure, plotperform(tr)

£ ifigure, plottrainstate (tr)

47 ifigure, plotregression(targets,outputs)

48 ffigure, plotresponse(targets,outputs)

45 ifigure, ploterrcorr (Errors)

50 ffigure, plotinerrcorr (inputs,errors)

=l

52 % Closed Loop Network

o3 % Use this network to do mualti-step prediction.

54 % The function CLOSELCCP replaces the feedback input with a direct

o % connection from the ocutout layer.

Se netc = closeloop (net);

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

Se view(netec)

59 [®c,xic,aic,tc] = preparets(netc,inputSeries, {},targetSeries);

&0 ye = netc(xc,xic,aic);

61 closedLoopPerformance = perform(netc,tc,vyc)

62

63 % Early Prediction HNetwork

ad % For some applications it helps to get the prediction a timestep early.

(1] % The original network returns predicted y(t+l) at the same time it isz given v(t+l).
(13 % For some applications such as decision making, it would help to have predicted
a7 %3 v(t+l) once vy(t) i=s awvailabkle, but before the actual y(t+l) occurs.

1] ¥ The network can be made to return its output a timestep early by removing one delay
(3] % 2o that its minimal tap delay is now 0 instead of 1. The new network returns the
T0 % same outputs as the original network, but outputs are shifted left one timestep.
71 nets = removedelay(net);

72 nets.name = [net.name ' — Predict Cne Step Ahead']:

73 view (nets)

74 [x=s,xi=,ai=s,t=s] = preparets (nets,inputSeries, {},targetSeries);

75 Y2 = nets(x=s,xis,ais=s);

76 earlyPredictPerformance = perform(nets,ts,ys)

77
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.
| View | Train | Simulate | Adapt | Reinitialize Weights| View/Edit Weights

Select the weight or bias to view: [?iw{l,l} - Weight to layer 1 from input1i + ]

[-2.0545 -1.1582;
0,91579 1.0063;
7.8378 4.9515;
15,8957 0.63501;
8.65299 3,5958;
0.35962 -3.3126;
-3.9258 1,1325;
2,5327 -3.4913;
4,1277 8.2415;
-2,1202 6.5245]

| Revert Weight || SetWeight
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