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Zabir Haider Khan And others (2011) : "Price Prediction of Share Market
using Artificial Neural Network (ANN) "This paper demonstrates Back
propagation method for training the Neural Network and Multilayer Feed
forward network in order to forecast the share values. The aim of this paper is
to use ANNSs to forecast Bangladesh Stock Exchange market index values with
reasonable a degree of accuracy. In this study it was found that network training
using more input data set it generate more error free prediction price.!

Dilek Penpece and Orhan Emre EIma(2014) : "Predicting Sales Revenue by
Using Artificial Neural Network in Grocery Retailing Industry : A Case
Study in Turkey" : The aim of this study is to forecast the sales revenue of
grocery retailing industry in Turkey with the help of grocery retailers marketing
costs, gross profit, and its competitors’ gross profit by using artificial neural
network. Artificial neural networks are models which are used for forecasting
because of their capabilities of pattern recognition and machine learning. ANN
method is used to forecast the sales revenue of upcoming period. According to
results there are high similarities between forecasted and actual data. Forecasted
results of this study are bigger or smaller than the actual data for only 10%.

1 International Journal of Computer Applications (0975 — 8887)
Volume 22— No.2, May 2011.



Because of this high accuracy, companies at grocery retailing industry in

Turkey can use ANN as a forecasting tool.?
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-4\ Meural MNetwork Start (nnstart) E2

Welcome to Meural Network Start

Learn how to sohlve problems with neural networks.

Getting Started Wizards | pdore Information

Each of these wizards helps you sobve a different kind of problem. The last panel of each
wizard generates a MATLAEB script for solwing the same or similar problems. Example datasets
are provided if wou do not have data of your own.

Input-ocutput and curee fitting. [ & Fitting app ] (nftool)
Pattern recogniticon and classificaticn. [ e Pattern Recognition app ] (nprtcol)
Clustering. [ @@ Clustering app ] (nctool)
Drynamic Time series. [ & Tirme Series app ] (ntstool)
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ﬁ‘ j«‘a Welcome to the Neural Network Time Series Tool.

Solve & 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 mere *) Nenlinear Autoregressive with External (Exogenous) Input (NARX)
time series are used to predict future values. Dynamic neural networks,
which include tapped delay lines are used for nonlinear filtering and
prediction.

There are many applications far prediction. For example, a financial analyst xt L?’(’j S FURLEETE)
might want to predict the future value of a stock, bond or other financial YtD)...yit-d)

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

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

jet engine.
@ Nonlinear Autoregressive (NAR)

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

dynamic models are important for analysis, simulation, monitoring and
control of a variety of systems, including manufacturing systems, chemical > +_| i) = 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 [Nex]. ) NonfinearInput-Output

Predict series y{t) given d past values of yit).

Predict series y{t) given d past values of series x(t).
Important Note: NARX solutions are more accurate than this solution.
Only use this selution if past values of y(t) will not be aveilable when
deployed.

® To continue, click [Next].

& Neural Network Start M Welcome & Back B Next & Cancel
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Welcome to the Neural Network Time Series Tool.

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

Introduction

time series are used to predict future values. Dynamic neural networks,
which include tapped deley lines are used for nonlinear filtering and
prediction.

There are many applications for prediction. For example, a financial analyst
might want to predict the future value of a stock, bond or other financial
instrument. An engineer might want to predict the impending failure of a
jet engine.

Predictive models are also used for system identification (or dynamic
rmodelling), in which you build dynamic models of physical systems. These
eynamic models are important for analysis, simulation, monitering and
control of a varicty of systems, including manufacturing systems, chemical
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 [Next].

Prediction is a kind of dynamic filtering, in which past values of one or more

Select a Problem
Nonlinear Autoregressive with External (Exegenous) Input (NARX)

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

x(® YU = (1), x(e-d),

Y1)y (E-dD)

© Nenlinear Autoregressive (MAR)

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

Nonlinear Input-Output

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

Important Note: NARX selutions are more accurate than this solution,
Only use this solution if past values of y(t) will not be available when
deployed.

w0 (Lo -4 o= .

) To continue click [Next].

&2 Neural Network Start
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walidation and Test Data

Set aside some target timesteps for validation and testing.

=1

Select Percentages

&% Randomly divide up the 14 target timesteps:

W Training: TEEE
W® validation: assel ~ |
WP Testing: 1536 ~

Restore Defaults

Excplanation
&% Three Kinds of Target Timesteps:

10 target timesteps W Training:
2 target timesteps These are presented to the netwaork during training, and the network is
adjusted according to its error.
2 target timesteps
WP Vvalidation:
These are used to measure network generalization, and to halt training
when generalization stops improving.

WP Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

=

Change percentages if desired. then click

[Mesxt] to continue.

[ &= Meural Network Start | | Kbl Welcome
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Algorithms

Data Division: Random (dividerand)
Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mse)

Training:

Calculations:  MATLAB

Progress

Epoch: 0
Time:

Performance: 5.57e+10
Gradient: 124e+11
Mu: 000100
Validation Checks: 0

-Training
[ validation
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Output ~= 1*Target + -2.4e+04

T iterations 1000
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Dataset Options
Analysis Preprocessing ] Identficaton |
Murneric column scaling Categorical | colurnn erco ding
Column Mame [raim | | Encode as:
Column =1 E=N 57,75 F One-ofa
Column #=1: mext 5,11 37,75
€ Binary

Date column encoding

£ Encode periedicity with sinfcos columns:

— Apply headroom, =e: [10 =

Additional columns =
Add binary column to indicate: =
f= Encode as categories:
—
=

[ o< 1 Cancst |
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File View Data MNetwork Query Options Help
W - b T Analyze - ZL - [ | 4 Preprocess - | B~ Design (2 oF - | P Train - 5 Test =% | 2% Query &
Column #1: next
Column #1 |Co|umr| #1:lag 1 |Column #1:lag 2 |Column #1:lag 3 |Column #1: lag 4 |Column #1:lag 5 |Column #1:lagb |Column #1:lag 7 |Column #1: next
0,151203 -0,04811 -0,012027 -0,189003 0,225086 0,87457 1 0,195876 0,535223
0,070447 -0,151203 -0,04811 -0,012027 -0,18%003 0,225086 0,87457 1 0,630584
0,251168  0,070447 -0,151203 -0,04811 -0,012027 -0,189003 0,225086 0,87457 0,92268
0,845361 0,2651168 0,070447 0,151203 -0,04811 0,012027 0,189003 0,225086 0,974227
0,948454 0,845361 0,251168 0,070447 -0,151203 -0,04811 -0,012027 -0,189003 0,941581
0,883162 0,948454 0,845361 0,261168 0,070447 0,151203 0,04811 0,012027 0,735082
0,572165 0,883162 0,943454 0,345361 0,261168 0,070447 0,151203 0,04811 0,420103
-0,155794 0,572165 0,883162 0,348454 0,845361 0,261168 0,070447 -0,151203 0,671821
0,343543  -0,159794 0,572165 0,383162 0,943454 0,845361 0,251168 0,070447 0,725304
0,453608  0,343643 -0,159794 0,572165 0,883162 0,948454 0,345361 0,261168 0,660653
0,321306 0,453608 0,343543 0,159734 0,572165 0,883162 0,943454 0,845361 0,50345
0,0189  0,321306 0,453608 0,343643 -0,159794 0,572165 0,883162 0,948454 0,553265
0,106529 0,0189 0,321306 0,453608 0,343643 0,159734 0,572165 0,883162 0,36512
0,269753 0,106523 0,0189 0,321306 0,453508 0,343643 0,159794 0,572165 0,353093
-0,293814 -0,269759 0,106529 0,0189 0,321306 0,453608 0,343543 -0,159794 0,524055
004811  -0,293314 0,269753 0,108529 0,0183 0,321306 0,453608 0,343643 0,457045
-0,085911 0,04811 -0,293314 -0,269759 0,106529 0,0189 0,321306 0,453608 0,165308
Parameter  |Value -0,668385 -0,085911 0,04811 -0,293314 -0,269759 0,106529 0,0189 0,321306 0,286942
Column type _|input 0,426117 -0,668385 -0,085811 0,04811 0,293814 -0,269758 0,106529 0,0189 0,435003
Format numerical 0,121993 -0,426117 -0,668385 -0,085911 0,04811 0,293814 -0,269759 0,106529 0,291237
Scaling range | [-1..1] 0,417525 -0,121993 0,426117 -0,668385 -0,085911 0,04811 -0,293314 -0,269759 0,161512
Encoded into |8 columns 0,6765976 -0,417526 -0,121993 0,426117 -0,668385 -0,085911 0,04811 0,293314 0,280059
Min 26,11 -0,439863 -0,676975 -0,417526 -0,121993 -0,426117 -0,668385 -0,085911 0,04811 0,397766
Max 37,75 -0,204467 -0,439863 -0,675975 -0,417526 -0,121993 -0,426117 -0,668385 -0,085911 0,310137
Mean 3g0E4g0  [D.379725 -0,204467 -0,439863 0,676976 0,417526 -0,121993 0,426117 -0,668385 0,272337
Std, devigtion | 9,64E-72 0,455326 -0,375725 -0,204467 -0,439863 -0,676576 -0,417526 -0,121953 -0,426117 0,20274
Scaling factor |0,171821 0,594502 -0,455326 -0,379725 -0,204467 -0,439863 -0,676976 0,417526 -0,121993 0,183849
0,632302 -0,594502 -0,455326 0,379725 -0,204467 0,439863 0,676976 0,417526 0
=il -0,632302 -0,554502 -0,455326 -0,379725 -0,204467 -0,439863 -0,676975 0,276632
0,446735 -1 0,632302 0,594502 -0,455326 0,379725 0,204457 0,439863 0,228522
-0,542955 -0,446735 1 -0,632302 -0,594502 -0,455326 -0,379725 -0,204467 0,246564
-N GNARTE - 547955 -0 44AT7I5 = -n /27307 - 504507 -N 45539R -N 379775 n IA11AR
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File View Data Metwork Query Options Help

W - | Tanalyze - B - [0 | iy Preprocess ~ (B Design [ e - P Train - @ - M| G Test % | 9% Query &
x|
v Show network image LR bi" # ]
D _[Architecture # of Weights [Fitness [Train Error [ Validation Error_[Test Error a1C | correlation [R-Squared s [Automatic architecture search complete R
8-10- PREEE] w1 0,952831 0669958 0,596387 1,098902 273,397418 0,852931 0,903533 [8-4-1] architecture selected for training
Hidden layers activation function: Logistic
3 [12-] 121 0,80993 1,45108 1,206795 0,851738 138,901427  0,80993 0,55378 OQutput parameters:
4+ BT 7 0,869802 1,210047 1,098715 1,25363 32,906934 0,869802 0,745052 Column #1: next
5 [341] 41 0,774378 1,47043 0,410125 1,403555 -20,660092 0,774378 0,515432 E”nﬂf f‘;”ﬂl'z”?sumffiﬂ;'ﬁms
6 [8-10-1] 101 0,993463 0278307 0748671 1837882 44407273 0,993463 0,985754 Saérfpggmg‘;g" ogrte
7 [B8-1 81 0,980821 0,461601 0,298894 1,443955 21,104424 0,580821 0,359222 Search Method: Heuristic search
3 [-11-1] 111 0,775052 1,465101 1,080479 1,726139 118,218753 0,775052 0588277  ~ | Filness aiteria: Correlation
- v Number of retrains: 1
Hidden units range:
2] 2 Layer 1: from 1 to 20, search accuracy 2
# [E2] 5 otk arch=cares sered
Sastnetnork [B-10-1] architecture had the best fitness
25 ftamete] L Verified architectures:
’ ; ' l 1 e 8 [8-1-1] fitness: -0,599767
24 Architecture [5-10-1] [8-20-1] fitness: 0,952931
sofweghts 101 [8-12-1] fitness: 0,80993
2,2 [8-7-1] fitness: 0,859802
Fitness 0,993463 [-4-1] fitmess: 0, 774378
2 Train Error 0,278307 [3-10-1] fitness: 0,393463
18 Validation Error  0,748571 {2191'11]1{*27;55: 0-0930?25;2
" -11- iess: 0,
s Test Error 1,837832 [8-5-1] fmase: 0857271
5 AIC 44,407272
514 Correlation 0,393463
212 R-Squared 0,385754
] Stop Reason No error improy
£ 1
08
Parameter |value
Input activation FX___ Logistic 06
Output name [column #1: next 04
Qutput error FX sum-of-squares 0,2 -
Qutput activation FX  Logistic |
0 i
5 10 15 25 30 35 =
tterations < L
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Fletwork Training O pticons

Training algorithm

T Quick Propagaton
¢ Comjugate Gradient Descent
T Q@uasi-MNewwton
£ Limited Memory Quasi-ewbon
¢ Lewvenberg-Marguardt
= Online Back Propagation
f Batch Back Propagaton
Training algorithm's parame ters
I 1,75
Learming rate [0.. 100]: IU PTSeS52
Momentunm [O. . 100] - ID FF53S
I Adjust learming rate and momentum each iberaton
—

Stop trainimng conditons
I~ By =rror walus
Error twpe: ¢ Average = Masx

T AE: ZloFoEe2
= mMse: [o,01
Lo o9, 999933

Track on set: = Training T wvalidauon

I Bw error change
o,0000001
. =
10
o,0000001
. =
10
— T 5 = =T —1
Bw i ratons: SO0 |

Defaults

=T I Cancel

Alyuda Narolntrlligence celin e lalaie) Bald) lac) ;:J_Mm&\
Al oyl (Gl oSl L) daejled cayidl 2w kel JSAN B e 2 WS
€0.01 3 MSE Cogisal) Lol Jinag 0.7536 = a3l ity 0.5652 = badll Jiae caniti o5 LS
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File View Data Network Query Options Help

W - | T Analyze - T - [ gy Preprocess + | [+ Design 2, @ + | P Train ~ @4 - b | U Test 2 | 97 Query

B » | E| A2 £ w8 m

Dataset errors.

apsolute Error

] —Traning sat
4| | — Valdation set
+ Best network

Network Errors

o
— Error improvement |

lizrrar Improvemert] Ii

[l B |1 Tabuar, | Real-time = Training Validation
Error Distribution Absolute error: 0,060336 1,055792
P Network error:| 0,000045 0
3 Error improvement: 0,00007
Iteration:| 12
2 Training speed, iter jsec 53,093995
1 Architechres [3-10-1]
0 - - - - - - Training algorithm:| Levenberg-Marquardt
0,018677  0,106686 0,154694  0,282703  0,370712 0,45872 0,546729  0,634738 0,722747 0,810755 0,898764  0,986773 1,074781 1,16279 Training stop reason:| Desired error achieved

H
Network tr

Hetwork ar
Training al¢
Number of
Time passe
Training sb
The bestn

Analyss | Preprocessing | Design  Training | Testing | Query
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a0 o oy ow g ow NE
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Butita p

Alyuda Neurolntrlligence galiy e lalie) Zaldl dae) (a2 j1adll
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Model Correlation R-Squared MAPE
ANN 0.96003 0.914808 0.017185
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Data partition results:
82 records to Training set (68,33%)
19 records to Validation set {15,583%0)
19 records to Test set (15,83%0)
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Mumere column scaling

=

Sasoaasa
Bas0a383

et

r ApEl headroom, S
Adcitonal columns

At iy SOl T bt
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Categorical column encoding

Encode =

€5 Carve o
€ Bimary
£ MLmerie

Dimte cobumm mncocing

= Encode pericdicity with sinfoos columms:
T el
= menthi

£ et

T Emcode B8 CEUESOrES:

]
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o
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File View Data Network Query QOptions Help

W - b | T Analyze - B - [ | o Preprocess - | B2 Design [ o® - | B Train -

BH Test =% | 97 Query

&

ggp s oo |aypp s Clmani lag 1 B39 b Olepeni lag 2 [a5p 8 Smssoi lag 3 |ay0 0 Crlmyani lag 4 |ayyp i Colmpsni lag 5 |ayye b Crlmpeo: lag 6 |20 i cHmsso: lag 7 [a0y0 & Olmsoi lag 8 [ay,p 0 lmuni 1ag 9 |ayyp i Cilmpao: lag 10 [apps o ~

0,624716  0,897139 -0,659329 0,439244 -0,676815
0,7393%  0,624716 -0,897133 0,659329 0,439244
0,940674  0,739346 -0,624716 0,8971% -0,659329
0,5673%6  0,940674 -0,73934%6 0,624716 -0,897133
0,658242  0,567326 -0,940674 0,7293% -0,624716
0,863378  0,658242 -0,567326 0,340674 -0,73934%6
0,452267  0,863379 -0,6568242 0,567326 -0,940674
0,423901  0,452267 -0,863379 0,658242 0,567326
0,632607  0,423901 -0,452267 0,863379 -0,658242
0,317104  0,532607 -0,423901 -0,452267 -0,863379
0,508688  -0,317104 -0,632607 -0,423901 -0,452267
0,901298  -0,598688 0,317104 -0,632507 -0,423901
0,521198  0,901298 -0,598688 0,317104 -0,632607
0,683561  -0,521148 -0,901298 -0,598688 0,317104
0,954908  -0,683561 -0,521148 0,301298 -0,598688
-0,5743 -0,964908 -0,683561 0,521148 -0,901298
0748471 40,5743 -0,964908 0,683561 -0,521148
e s 0,856893  0,748471 0,5743 -0,964908 -0,683561
Column type _ input -0,388157  -0,866893 -0,748471 0,5743 -0,964908
Format numerical 0,275003  -0,388157 -0,866893 0,748471 0,5743
Scaingrange [1.1) 0,531163  -0,275003 -0,388157 -0,866693 -0, 748471
Encodedinto | 13colmns | 015634 -0,531163 -0,275003 -0,388157 -0,866893
pin 206214 0,490232  0,15634 -0,531163 0,275003 -0,388157
Max 34804383 0,837922  0,490232 -0,15634 0,531163 -0,275003
Mean a7856286,6583 462714 0,837922 -0,490232 0,15634 -0,531163
Std. deviaton | 16046299,0510 0603374 0,462714 0,837822 0,490232 -0,15634
Scaing factor | 2,75E-08 0,876112  0,603374 0,462714 0,837922 -0,490232
0,4891%  0,876112 0,603374 0,462714 0,837822
0,5985%  -0,489146 -0,876112 0,603374 0,462714
0,792835  -0,598546 -0,4891%6 0,876112 0,603374
N - samsas - amatas AT
«

0,541065
0,676615
0,439244
0,659329
0,8971%
0,624716
0,7293%
0,940674
0,567326
0,658242
0,863379
-0,452267
0,423901
-0,632507
0,317104
-0,598688
0,301298
0,521148
0,683561
-0,964908
0,5743

0,748471
-0,866693
-0,388157
0,275003
0,531163
0,15634

0,490232
0,837922
0,462714
- &n2a7a

0,6174
0,541065
0,676815
0,439244
0,659329
0,897133
0,624716
0,7393%
0,940674
0,567326
0,658242
0,863379
-0,452267
-0,423901
0,632607
0,317104
-0,598688
0,901298
0,521148
-0,683561
-0,964508
20,5743
0, 748471
-0,866893
0,388157
-0,275003
-0,531163
-0,15634
0,490232
0,837822
- asr71a

-0,96572 -0,896202 -0,70122 -1 0,80309
0,6174 0,36572 -0,896202 0,70122 -1
-0,541065 0,6174 -0,96572 -0,896202 0,70122
-0,676815 0,541065 0,6174 0,96572 0,89620
-0,439244 0,676815 -0,541065 0,6174 0,96572
-0,659328 0,439244 -0,676815 0,541065 0,6174
-0,897139 0,659329 -0,439244 0,676815 0,54106
0,624716 0,897139 -0,659329 0,439244 0,67681
-0,739346 0,624716 -0,897133 0,659329 0,43924
-0,940674 0,7393% 0,624716 0,897139 0,55932
-0,567326 0,940674 -0,739346 0,624716 0,89713
-0,658242 0,567326 -0,940674 0,7393% 0,62471
-0,863379 -0,658242 -0,567326 0,940674 0,73934
-0,452267 0,863379 -0,658242 0,567326 0,94087:
-0,423901 -0,452267 -0,863379 -0,6568242 0,56732
-0,632607 -0,423901 -0,452267 0,863379 0,55824.
-0,317104 0,632607 -0,423901 -0,452267 0,86337
-0,598688 0,317104 -0,632607 -0,423901 0,452%6
-0,901298 -0,598688 -0,317104 -0,632607 0,4239%0
-0,521148 0,901298 -0,598688 0,317104 0,63250
-0,683561 0,521148 -0,901298 -0,598688 0,31710
-0,954908 -0,683561 -0,521148 0,901288 -0,59858
0,5743 -0,964508 -0,683561 0,521148 0,90129
-0,748471 20,5743 -0,984908 -0,683561 0,52114
-0,866893 0,748471 -0,5743 -0,969908 0,58356
-0,388157 -0,866893 -0,748471 20,5743 -0,96490:
-0,275003 0,388157 -0,866893 0,748471 0,5743
-0,531163 -0,275003 -0,388157 -0,866893 0,74847
-0,15634 -0,531163 -0,275003 0,388157 0,86689
-0,430232 -0,15634 -0,531163 -0,275003 0,38815
N RI7977 N 4an732 N 15R34 N 5311A3 -no7sn T
3
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File View Data Network Query Options Help

v-H g?AnaIyze - 1 ~ [0 gfaPreprocess « | [22 Design [2 @7 «| P Train - @7 - 0p | {0 Test 52 9" Query &
X
[ Show network image 3"\/ E';/ = bi" # B
D |Arch\tecmre |: of Weights |F\mess Train Errar |Vahdanon Error ‘Test Error AIC ‘Carrelanon ‘R-Squared » | Automatic architecture search mmple_1 -
13-6- OEEEE 3 0969263 TDE0LES 27075 SB1E T M |0,05%% 0,069253 [136-1] arcitecture selected for tra
Hidden layers activation function: Logi
2 [133] 46 0,945151 2260217 2554195 4623520 837,509977 0,972528 0,345191 Output parameters:
3 [134] 61 0,932923 2458473 2321488,5 4665642, 5 873,56371 0,967202 0,932923 gl Ulzy0t NEXE
4 135 7 0,969383 1716490,375 | 2413778,5 4541563,5 877,697064 0,984345 0,959983 :”g'r ﬁ;n[l;n-‘n:zumff-sq;lares
ctivation function: Logistic
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ﬁ g Welcome to the Neural Network Time Series Tool.

Sohve a nonlinear timsa 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 (MNARX)
tirme series are used to predict future values. Dynamic neural networks,

wrhich include tapped delay lines are used for nonlinear filtering and

Predict series w(t) given d past values of y(t) and another series >c(t).
prediction.

Trmrs o= mrerer SEEiEsfers fer mEresiaem: Ber srmele. o firemerel oreeliet () Wity = fiiae(e- Ak 2o fr-od).
Fright want to predict the future value of a stock, bond or other financial
instrument. An engineer might want to predict the impending failure of a
jet engine.

i1 w(e-dd))

2 Monlinear Autoregressive (NAR)
Predictive models are also used for system identification (or dynamic

L Predict series w(#) given d past walues of y(t).
[l rodelling), in which you build dynamic models of physical systerms. These
dynamic models are important for analysis, simulation, monitoring and
control of a wariety of systermns, including manufacturing systems, chemical -Ll W(EY = FOyCE-LY, .y (E—c¥)
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]. @ Nonlincar Input-Output
Predict series () given d past values of series >(t).
Impertant Note: NARX solutions are mere accurate than this selution.
Only use this solution if past values of y(t) will not be available when
deployed.
() u—(ilu wit) = fF(e-1). . m(e-d))
Epr To continue. click [Next].
| == meural Network Start | M Welcome <= Back e et [ D cancer |
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Select Data
What inputs and targets define your time series problem?

Get Data from Workspace Summary

Input time series x(t). Inputs ‘pub’ is a 48xl matrix, representing dynamic data: 48 timesteps of 1

Wl Inputs: [ pub. - | :] element.
L=

TEOEES s S, GIETE) 212 SEE0EE| DriEesiiis Targets ‘ven' is a 48xl matrix, representing dynamic data: 48 timesteps of 1

@ Targets: — clement.

Select the time series format.  (tonndata)

v [

Time step:

Cell column

] PMatriz colurmn [=] Matrix row

(%) yir)

2|

Want to try out this tool with an example data set?

[ Load Example Data 5et |

P> To continue. click [Nextl.

[

& Meural Metwork Start | K4 Welcome

@@ Back e Mesxt &P Cancel
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wvalidation and Test Data
Set aside some target timesteps for validation and testing.

Select Percen tages

Explanation
& Randomly divide up the 48 target timesteps: & Three Kinds of Target Timesteps:

W@ Trainin ot TO% 34 target timesteps
.................. These are presented to the network during training, and the network is
alidation: i HE Tt et ti =t
W@ Validation: £.15%; s L ording to its error.
W Testing: 156 - | % tenrn s

n:

=d to measure network g
when generalization stops improving.

WP Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

. and to halt a

Restore Defaults

> Change percentages if desired. then click [Next] to continue.

[ <= meural Network start | [ K welcome |
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idden Layer with Delays Cutput Layer
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B Change setungs it des - s 1 e
[ == meursl Network Stars. | [ 194 wWelcome

& e e

el and change the number of neuro.
13 2

Lrens or delay lines if the
perform well after trainin a
11

YOO = TCeCe- 1. eCrad

Restore Defaults
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Welcome to the Neural Network Time Series Tool.

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

dallas :(70) a3 JSil)

) I =y i (e

Introduction

Prediction is a kind of dynamic filtering, in which past values of one or more
time series are used to predict future values. Dynamic neural networks,
which include tapped delay lines are used for nonlinear filtering and
prediction.

There are many applications for prediction. For example, a financial analyst
might want to predict the future value of a stock., bond or other financial
instrurment. An engineer might want to predict the impending failure of a
jet engine.

Predictive models are also used for systemn identification (or dynamic
modelling). in which you build dynamic models of physical systems. These
dynamic models are important for analysis, simulation, meonitering and
control of a variety of systems, including manufacturing systems, chemical
processes. robotics and asrospace systems.

This tool allows you to schre three kinds of nonlinear time series problems
shown in the right panel. Choose one and click [Mesxt].

Select a Problem

¥ MNonlinear Autoregressive with External (Exogencus) Input (NARE

Predict series y(t} given d past values of y({t} and anocther series x(t).

ey WOE) = FOe(e- 1) (e-e),

Yie-1) .y (e -d))

Monlinear Autoregressive (PAR)

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

YT} = FOrCE-1)..(e-dd)

MNenlinear Input-Output

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

TImportant Note: NARX solutions are more accurate than this solution.
Only use this solution if past walues of v () will not be available when

deployed.
et wi ST v = focte- 12 etr-an

> To continue. click [Nesxt]-

| &= meural Network Start |

- Back [ = nee | [ & Cancel |
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Select Data
WWhat inputs and targets define your time series problem?

— T, R Lo ==T"

Get Data from Workspace
Input time series ().

B Inputs: pub

Target time series, defining the desired cutputy(t.

@ Targets: wen

Select the time series format. (tonndata)

Time step:

i} Cell column ] pAatri colurmn =] Matrix row

x(®) ¥r

Want to try out this tool with an example data set?

[ Load Example Data set |

Summary

Inputs ‘pub’ is a 48x1 matrix, representing dynamic data: 48 timesteps of 1
element.

Targets 'wen' is a 48xl matrix, representing dynamic data: 48 timesteps of 1
element.

P To continue. c

ke [Mext]-

[ &= Mewral Network Start | | K welcome

| <m Back |

= MNext | [ & Cancerl |
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walidation and Test Data

Set aside some target timesteps for validation and testing.

Select Percentages Explanation

& Randomiy divide up the 48 target timesteps: & Three Kinds of Target Timesteps:

W Training: To%

34 target timesteps || W Training:

= . e e eeteme == o= o= G s e s FrERs (ST, S (R s i
| W@ validation: hsEsl — | T e d S R i CeeE O ieE (e fD e
I @ Testing: 15%6 — | 7 target timesteps

W validation:

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

WP Testing:
These have no =ffect on ing and

Restore Defaults

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

[ == Neursl Network stare | [ M Welcome ]

[ e | [ @ nme ] [ € Cancer |
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Network Archi are
Choose the number of neurons and input/feedback delays.

Architecture Choices

o Nsall UK Lgaagy LS A< diy e Ulan yualiall 038 Janm DA

[E=SE=E )

Recommendation

Define a NARX neural network.  (namnet) Return to this panel and change the number of neurons or delays if the
X network does not perform well after training.
MNumber of Hidden Meurons: o
The network will be created and trained in open loop form as shown below. _
Mumber of delays d: 5 Open loop (single-step) is more efficient than closed loop (multi-step)
training. Open loop allows us to supply the netwerk with correct past
Problem definition: 3t} = Fpoft=1),.pcft-d)yit-17, .y ie-d))

outputs as we train it to produce the correct current cutputs.

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

Restore Defaults I

Neural Network

() Hidden Layer with Delays

w{ty

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

[ &= Meural Network Start | [ K welcome | [ @8 Back | [ & Next | [ @ Cancel |
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@ 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

(©) Nonlinesr Autoregressive with External (Exogenous) Input (NARX)
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.

There are many applications for prediction. For example, a financial analyst x4 ¥4 = fixte-2)..x(e-d),
might want to predict the future value of a stock, bond or other financial Y(ED)oy(-d))
instrument. An engineer might want to predict the impending failure of a

jetengine, _

© Monlinear Autoregressive (NAR)
Predictive models are also used for system identification (or dynamic
modelling), in which you build dynamic models of physical systems. These
dynamic models are important for analysis, simulation, monitoring and
control of a variety of systems, including manufacturing systems, chemical
processes, robotics and acrospace systems.

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

YO = 1(y(t-1),y (=)

This tool allows you to solve three kinds of nenlinear time series problems
shown in the right panel. Choose one and click [Next] 5 Nonlinear Input-Output

Predict series y(t) given d past values of series x(8)

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

o [ b iu S FRT s —reny

E) To continue. click [Next].

& Neural Network Start M4 welcome 4 Back @ cancel
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WValidation and Test Data

Set aside some target timesteps for validation and testing.

Select Percentages Explanation

&% Randomly divide up the 48 target timesteps: @ Three Kinds of Target Timesteps:
W@ Training: TO% 34 target timesteps W@ Training:

@ validation: 1
¥ Testing:

Tt These are presented to the network during training, and the network is
arget timesteps ;
adjusted according to its error.

7 target timesteps
B validation:

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

@ Testing: I

| These have no effect on training and so provide an independent measure of
network performance during and sfter training.
|

1
|
|
|
| Restore Defaults
: EJ» Change percentages if desired, then dick [Nexi] to continue.
|
| [ &= meural Network Start | [ K Welcome | [ #Back |[ = MNex | [ & cancel | 1
! — |
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Network Architecture

Choose the number of neurons and feedback delays.

Architecture Choices Recommendation

Define a 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.

MNumber of Hidden Meurons: 13

The network will be created and trained in open loop form as shown below.

Training with open loop (single-step) prediction is more efficient than with

closed loop (multi-step) prediction because it allows us te supply the

Problem definition: i) = Fiylt-1), - yit-d)) network with correct feedback inputs even as we train it to preduce the
correct feedback outputs.

Mumber of delays d: 12

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 I
&2

yi®
1

EJ» Change settings if desired, then dick [Next] to continue.

13 1

[ & Meural Network Start | [ i Welcome | [@ 8ack | [ ®» Nea | [ @ Cancel |
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Output ~= 1*Target + 1e-11
Output ~= 0.84*Target + 2.6e+03
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Null Hypothesis: CPJM has a unit root

Exogenous: Constant, Linear Trend
Lag Length: 7 (Automatic - based on SIC, maxlag=10)

Prob.
t-Statistic *
- 0.000
Augmented Dickey-Fuller test statistic 5.252495 5
1% -
Test critical values: level 4.170583
5% -
level 3.510740
10% -
level 3.185512
Coeffici
Variable ent Std. Error t-Statistic Prob.
CPJIM(-1) 2.680350 0.510300 5.252495 0.0000
260428.
C 8 48918.62 5.323715 0.0000
@TREND("2012M0 173.057
1" 3 147.1420 1.176124 0.2473

S Ji A Aslan) Ligina 4pal Gal alal) slat¥) Jalee o Slel JSaI JDA e Jaadls
A0 RSl e Ulas Eviews geliy alasiuly 6 735l

S 35l ADF lid) il
Null Hypothesis: CPJM has a unit root

Exogenous: Constant
Lag Length: 7 (Automatic - based on SIC, maxlag=10)

Prob.
t-Statistic *
0.000
Augmented Dickey-Fuller test statistic -5.184838 1
Test critical values: 1% level -3.581152
5% level -2.926622
10%
level -2.601424
Coeffici
Variable ent Std. Error t-Statistic Prob.
CPJIM(-1) 2.443340 0.471247 5.184838 0.0000
242284.
C 6 46662.17 5.192313 0.0000
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Null Hypothesis: CPJA has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=2)

Prob.
t-Statistic *
- 0.041
Augmented Dickey-Fuller test statistic 3.960137 0
1% -
Test critical values: level 4.886426
5% -
level 3.828975
10% -
level 3.362984
Coeffici
Variable ent Std. Error t-Statistic Prob.
CPJA(-1) 0.983787 0.248423 3.960137 0.0027
773956.
C 4 203431.9 3.804498 0.0035
27515.2
@TREND("2000") 4 6583.474 4.179441 0.0019

S8l z 35 Phillips-Perron lasl =3t

Null Hypothesis: CPJA has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 12 (Newey-West automatic) using Bartlett kernel

Adj. t- Prob.
Stat *
- 0.000
Phillips-Perron test statistic 7.871812 2
1% -
Test critical values: level 4.886426
5% -
level 3.828975
10% -
level 3.362984
Coeffici
Variable ent Std. Error t-Statistic Prob.
CPJA(-1) 0.983787 0.248423 3.960137 0.0027
773956.
C 4 203431.9 3.804498 0.0035
27515.2
@TREND("2000") 4 6583.474 4,179441 0.0019
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HOME VARIABLE @ E & % @ ﬁ @ @ Search Docurnentation

0 | & @&
| m Open v Rows Columns. e g;? Transpose
Wew from  (— print > |1 1 Insert Delete | sort =
Selection > - -
VARIABLE ‘ SELECTION | EDIT |
s @& | L © b Users b smartech » Desktop » Nouveau dossier (2) -
Workspace & | Command Window [ Editor - Untitled2.m @4 Variables - output
Mame Value | v2 % output ‘
o & Liouen L 1436 cell
E error 1x36 cell . <
E feedbackDelays 112 double 1 2 3 4 5 6 7 g 9 10 1 12 13 hL
H hiddenlayerSize 32 1 PA426e+04 |85044e+04 83318 71635e+04 [1.0450e+05 1.0750e+05 11573e+05 [9.7768e+04 1.0322e+05 09.8527e+04 8.7453e+04 1.2540e+05 1.0591e+05 B87717e+04 ¢ =
£ info L struct B
—112
@) net 1xd network 3
(] netc 1l network
(@) nets 1l network ¢
11} output Iafcell 5
FH perfc 27144e+08 5
HH performance BA495e+07 7
[ stepAheadPerfor..  84405e+07 0 E
[t 136 cell
o7 1B el 2
[t 16 cell 10
E tr Il struet o 11
v trainFen ‘trainlm’ b im
0] s 1237 cell 3
136 cell
Ox36 cell Lt W
Dd2eel i
O cell 16
D1 cell 17
137 cell 18
La3bcell 19
1ed2cell 2
D3bcell B
137 cell - -
. 2 < . 2
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GetMore Istall Package Curve Fittng ~~ Optimization MuPAD PID Tuner System Signal Analysis Image Instrument SimBiology ~ MATLAB Coder  Application Distribution
Apps  App  App Notebook ldentification Acquistion Control Compiler Fitting

fE ‘ S —
L L Ah| ﬁ v Co» Users » smartech » Desktop » Nouveau dossier (2) » -
Workspace ® | Command Window @ |4 Editor - UntitledZm Im Variables - y2

L -

Name = Value E: Expression or statement is incomplete or incorrect.
LU IiuusiLsyeiie 32 L
/£ info I struct o
| infal 1d struct »» y2 = netc(cell (0,12),xic,aic)
z net 1 network
1@ nett 1l network vz =
1T netc 1l network
@] nets 1 network Columns 1 through 8
1t} output 36: cell =
1] outputl 136 cell [9.44260+04] [8.59448404] [8.83182+04] [7.12892+04] [1.0450e405] [9.82062+04] [1.16542+05] [9.9701e404]
HH pertc 27144¢+08
[ performance 8.4495€+07 Columne 9 through 12
[ stepAheadPerfor..  §4495e+07
[0 £ Libeell [1.0602e+05]  [9.67458404]  [9.7722e+04]  [1.2659e+05]
1T LB cell
(/e ekl 5> v2 = nete(cell(0,12), xic, aic)
Etr Ll struct
fee trainFen ‘trainim’ ;=
[0 15 1 cell - [k
13 x 136 cell
[ xc 036 cel Columns 1 through &
(0] Id2eell
[t} xic 00 cell [9.4426e+04] [8.5944e+04] [8.8318e+04] [7.1289e+04] [1.0450e+05] [9.8206e+04] [1.1654e+05] [9.9701e+04]
[0] xis Idlcel
Z ® e eell Columns 9 through 12
[y 186l
£} y2 L2 cell [1.0602e+05] [9.6745e+04] [8.77222+404] [1.2659e+05] L
(0] ye Id6cell B 1
[ ys 137 cell | B -
‘ . r < n ] b
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WVARIABLE
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'{_vl:' 4 Open v Rows Columns & S Transpose
1 1 Insert Delete a&sgn -
- -
VARIASLE | SELECTION ‘ EDIT ‘
G T E L » Cor Users b smartech b Documents b MATLAB » -
Mame = | CPIA output ".\
(] ai - 112 cell
] M
%“ 1 2 3 4 5 3 7 8 9 10 1 12 13 1 15 16
ais
HH cpia 182831 8.7119e+05 910730 8.5007e+05 8.8939e+05 9.5005e+05 1036044 9.2121e+05 956721 1113229 1152899 1171425 =
[0] 2
(0] eror 3
EE feedbackDelays 4
EE hiddenLayerSize 5
| info
(€] net ®
(€] netc 7
&) nets -8 1
Clov B | 3
E perfc
10
i performance R
H] stepAheadPerfor..,
0]t 12
[T 13
(1]t 1
ELS 15
=< trainFecn 16 L
{U]ts
oM |
E X 18
Bl 19
L Mic 20
ikl ois ||z L
E
b < . b
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Search Documentation

lﬂj | (5 Fra e &‘ E {2, New Variable | Analyze Code @ @ (@) Preferences @ (4 Community

Now Mow Gpen [ o 1 Open Varable ~ £ Run and Tme [ SetPath , = Request Support
Seript - Data Workspace @aewwmcev (/3 Clear Commands v Liprary - |||||Pm|e|v - ﬁm—cm-
FILE | VARIABLE ‘ CODE ‘ SIMULINK ‘ ENVIRONMENT ‘ —

sy 8 v Cov Users » smartech b Documents b MATLAB » -
Workspace ® Gl Voriables - CPIA (7 Editor - Untitled

geray T3 " JCe20 0T T, I =7 TIECWOTK TETUInE Tie

Command Window

Name « % same outputs as the original network, but outputs are shifted left one timestep.
Ea\ nets = removedelay(net);

Ea\c [xs,xis,ais, ts] = preparets(nets,{},{},T);

(01 ais ys = nets(xs,xis,ais);

| »

HH cria steplheadPerformance = performinet,ts,ys)

[0]e

[01] error

[ feedbackDelays
E hiddenLayerSize
£ info

(& net

@) nete

(@] nets

1] output r perfc =
E perfc
HH performance 6.239%2+10
E stepAheadPerfor...
[0t

o7 stepBheadPerformance =
0] tc
[l tr 2.2841e+10
fed trainFen
Ults > y2 = neteleell (0,5),xic,aic)
i1 x A

o -
0] %

(0] xic

E . [916752] [1.1068e+06] [1.1869e+06] [1.2240e+06] [1.2364e+06]
xis

performance =

2.2841le+10

m

..
<[ 3 B >> |

1
4 [m]
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Null Hypothesis: BTJ has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=10)

Prob.
t-Statistic *
- 0.000
Augmented Dickey-Fuller test statistic 7.681285 0
1% -
Test critical values: level 4,118444
5% -
level 3.486509
10% -
level 3.171541
Coeffici
Variable ent Std. Error t-Statistic Prob.
BTJ(-1) 1.016911 0.132388 7.681285 0.0000
120.029
C 3 106.2961 1.129197 0.2635
@TREND("11/01/2 - -
016") 1.195211 3.003453 0.397945 0.6922

Null Hypothesis: BTJ has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=10)

Prob.
t-Statistic *
- 0.000
Augmented Dickey-Fuller test statistic 7.469188 0
1% -
Test critical values: level 2.604073
5% -
level 1.946348
10% -
level 1.613293
Coeffici
Variable ent Std. Error t-Statistic Prob.
BTJ(-1) 0.972018 0.130137 7.469188 0.0000

Eviews zaliy e laldel &alll slae (e 1 jadll



gl sligSll Clases Aaldl) ADF s) il :(08) o) Galal)
GBI #asel) pshaall s S jlaa) i

Null Hypothesis: BTM has a unit root

Exogenous: Constant, Linear Trend
Lag Length: 12 (Automatic - based on SIC, maxlag=12)

Prob.
t-Statistic *
- 0.615
Augmented Dickey-Fuller test statistic 1.962065 5
1% -
Test critical values: level 4.036983
5% -
level 3.448021
10% -
level 3.149135
Coeffici
Variable ent Std. Error t-Statistic Prob.
930160
C 7. 4476630. 2.077814 0.0402
@TREND("2006 MO0 129692.
1" 4 61476.83 2.109614 0.0373
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File View Data Network Query Options Help

v-H |@Ana_\yze -3 ‘ s Breprocess ~ B+ Design 2 @# - &

b Train « @ - 0| G Test 57 o7 Quey .

[ 1nputs ‘l’ fictivations

B3 ‘ TRH LD TS Scatter Plot | Confusion Marix | Error Dependence |

Row [Target Output: bl T ;' 181 E X-aads:|Row number r

TRN 14 318652746 32,1566%4 0,2938% 092238 | |

TRN |15 31,647747 |31,505152 |0,142595 0,450563 Actual vs Output

TRN 16 31,045752 31,2232 0,236578 0,762028 7.5 B - ;
TRN 17 32,341176 32,326354 0,014822 0,04583 37 ; i ;
TRN 18 33,453733 |33,058437 0,395236 1,181433 36,5 ;
TRN 19 36,847039 |36,421811 0,425248 1154088 kS :
TRN 20 37,4527 |37,427483 D0,025217 0,067331 5,5 :
TRN 21 37,070588 |35,529295 0,141293 0,381147 5 ;
VID 22 35,258824 |35,144162 0,114661 0,325198 345 ;
TRN 23 31 31,408655 0,408655 1,318243 u :
TRN 24 33,926728 |33,8997747 0,071019 0,209328 35 :
VID 25 34,571724 |34,106793 046493 1,344823 3 :
TRN 26 33,787731 34,349911 0,55218 1,633778 " :
TRN 27 32,035294 |33,212752 1,177458 3,675503 e :
TRN 23 32,55074 |32,634947 0,084207 0,253594 = !
TRN 28 30,357758 |30,831774 0,474017 1,561436 ggi :
TRN 30 30,223529 |30,175535 0,047994 0,158797 = '
VD 31 32,206742 |32,941989 |0,734746 |2,281343 0,5 :
TRN 32 31,432748 |31,436757 0,004008 0,012753 # ;
TRN 33 23,035294 28,5476 0,219466 0,782822 23,5 ;
TRN 34 29,454766 |29,785805 0,331039 1,123891 5 ;
TRN 35 31,217751 |3L,010581 0,20717 0,663528 8,5 ;

ey P ey PR v FPSREY PO %
| 27,5
[Terget  Joutput  [ag lre | 7
20,002864 30,578792 0,522642 |0,017185 %5
258256 2709225 (059392 |0,019419 *

in:| 25, 105882 26,625997 0,004009 0,000125
Maxi|37,4527 | 37,427483 | 2,696079 0,088447

w1

Data Row Number

— Target — Qutput o Selected target < Selected output |

Correlation: 0,96003

R-squared: 0,914808 A
Analysis I Preprocessing I Design I Training  Testing | Query
|Ready for querying. [

Alyuda Neurolntrlligence zaliy cilsjda : juadll
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File View Data Network Query Options Help

V-H |@'Ana_\yze B ‘ 1o Preprocess ~

2 Design 15 o | b Tain « @ - W | BfTest 5 9 Query | @

CEIESEIE
Column #1: next -
25,105882
20,325766
28,766772
28,981767
29,153768.

28,811765
28,082353
25,270588
9,2
30,482353
30,223520
31,047053
30,964706.
30,270588.
27,47678
30,658824
29,063022
28,077857
27,7171
27,662486
27,759454
27,96465
28,473162
29865538
30932277
31,663648
31,909138
3187773 t
31,311692 Cie .
30,510831

30,285748 | Output Time series

Column #1: next

y U
40 50 60

Analysis I Preprocessing I Design I Training I Testing  Query
|Ready for querying.

Alyuda Neurolntrlligence zaliy cilsjda : juadll
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File View Data Network Query Options Help

v-H ‘ T Analyze - 3 - |(|\Erepmcess - | B Design 12 o - | P Train - @ - B | B Test 22 ‘ 27 Query - | &
] ‘ TRH LD TST I™ mputs ||— Activations Actual vs. Output |Smtter Plot | Confusion Matrix | Error Dependence |
row [Target _[output |ae RE BB AN YwisRowmumber 7]
VD 24 31542433 31625421,296749 B2988,296749  0,2631
TRN 25 24219902 27081666,340697 2851764,340657  11,815755 Actualvs Output
TRN 26 37793397 3309951786655 1489045,213345  3,039378 95000 000
TRN 27 34492256 33224840,483422 1257406,516578  3,674467 40200010
TRN |28 27031217 29837104,893341 2805887,893841 10,380176
TRN |29 41983818 40726052,204381 1257765,795619  2,995835 85000 000
TRN |30 43015502 43882332,611178 865030,611178 |2,015159
TRN |31 35424628 35551633,088029 127005088023 0,358522 80000000
TRN |32 46899841 44792883,405871 2106957,994123  4,432462 75000 000
VID (33 36658328 38725091,175122 206673,175122 | 5,637909
TRN (34 25652031 27910502,66588% 22535A1,665839 8,804611 70 000 000
TRN |35 39478526 38068234,649591 1410291,350409 3,5723 5 65000 000
TRN |36 33571393 |34918560,255813 | 1347167,255813 |4,012843 g
TRN |37 23330475 |27299098,580577 | 31960623,580577  16,370362 2 0000 000
TRN 33 37545335 39865474,111260 2320139111269 6,179567 i)
VLD |39 31210533 36302125,620388 5181587529388 | 15,502045 5 53000000
TRN 40 26903389 2790353338972 1000149983762 3717561 50000000
TRN |41 44315557 44985512,50173 669955,50173 1,511784
TRN 42 48431108 46111646,408151 2319461591848 4,789198 42000000 |
TRN |43 39114269 |40577027,202239 |1462758,202238 |3,739705 40000000 |
TRN 44 52747021 5201880108485 723213,915144  1,38059
35000 000 |
[swmary |
[Target |output ee lare | 30000000 ¥
Mean:|49802016,074766 |48776217, 783505 | 1740418,32108 0,036288 25,000 000
Std Dev:|15797610,263791 | 15236301,585473 |1966197,135608 |0,03757
Min:| 23338475 27081666,340697 | 1968,314809 0,000043 0
Max:| 34804383 88774588,592312 | 13948794,306278 |0,225104 Data Row Humber
— Target — Qutput < Selected target © Selected output |
Correlation: 0,986333
R-squared: 0,970299 ﬂ_l il

Analysis I Preprocessing I Design I Training Testing | Query

[17:38: Network training completed.

- ¥

|Ready for querying.

Alyuda Neurolntrlligence zaliy Glsjda :jradll
BT sligSll djgdd) Classalls Lalidly Lo Lital) adl) :(12) a8 Galal

bl -
Eile View Data Network Query Options Help
CE] ‘ T Analyze - 3+ ‘ i Preprocess - | [B2 Design 12 5 + | P Train - &7 + Wb ‘ G Test o2 ‘ 2% Query - &

BO X
;.&d_._l

35000000
30000000
85000000
80000000
75000000
70000000
65000000

60000000
E 55000000
3‘ 50000000

1 45000000
.+ 40000000
35000000
30000000
71255825, 119535
77475034,269612 25000000
80620878, 117922 20000000
79939811,095802 15000000
75306481,871051 10000000
72000138, 581746
731225095,250073 5000000
71963431,045053 0
70481426, 161959
73269209, 353691
73427987,633758 a
74235940,332671 p

Analysis I Preprocessing I Design I Training I Testing  Query
[18:37: Network training completed.

Ready for querying.
OGN
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Null Hypothesis: VEN has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=9)

Prob.
t-Statistic *
- 0.231
Augmented Dickey-Fuller test statistic 2.726507 2
1% -
Test critical values: level 4.165756
5% -
level 3.508508
10% -
level 3.184230
Coeffici
Variable ent Std. Error t-Statistic Prob.
VEN(-1) 0.361862 0.132720 2.726507 0.0092
11081.9
C 2 6639.858 1.668999 0.1022
@TREND("2013M0 173.007
1) 4 167.5615 1.032501 0.3075

EIBl gl johall s S ol g

Null Hypothesis: VEN has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)

Prob.
t-Statistic *
- 0.091
Augmented Dickey-Fuller test statistic 2.646167 2
1% -
Test critical values: level 3.577723
5% -
level 2.925169
10% -
level 2.600658
Coeffici
Variable ent Std. Error t-Statistic Prob.
VEN(-1) 0.350177 0.132334 2.646167 0.0112
14782.5
C 3 5593.532 2.642791 0.0113

Eviews maliy e lalde) &alll dlae] (e 1 jaadll
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d\ MATLAB R2014a

VARIABLE ()] search Documentation

= = 5 | L v C » Users » smartech » Desktop » -
Workspace @ | "Command Window | _Editor - Untitleds~
S| y2 | output
137 cell

15 16 17 18 19 20 ES 2 23 2 25 26 27 8 »
17028c+04  23580e+04 2.6183e-04  3.0437e-04 13884c-04 26538e+04 5.3764c-04 62881c-04 58990e-04 61424c-04 32063e+04 14324e+04 109234e+04 34201e-04 2.5402e+C -

Min Name Valu

i,

1
2
3
4
s
6

r 7

[zod trainFen train| | 8

0105 Hven PEE I

10

11

12

13
14
15
16
17
18
19
20
pat

VARIABLE
= = (5133 L » C » Users » smartech » Desktop » M
Workspace @ | 'Command Window |5 Editor - Untitled5™ @4 Variables - output

Min  Name ~ valud |o | ¥2 % output 3¢ |

-

2 3 4 5 6 7 g 9 10 11 12 12 14 15

13 [EH hiddenLayersize 13
T148e+04 |6.1854e+04 [5538le-04 5300de+04 69515e+04 4.9627e-04 [5.2501e+04 |4.5241es04 31592e+04 4.225le-04 [39895e+04 47022e+04 30187e+04 0.2194er03  17028eslk |

1 [H inputDelays 11
(@] net 1xln

]
2.7502... £ pub 4831

1
2
3
4
5
6
7
‘train| | 8
]

9105
1x48

Ll
112

10
11
12
13
14
15
16
17
18
19
20
21

L ¥ C v Users » smartech » Desktop »

Workspace ® | ‘Command Window | Edtor - Untitleds™ g Variabl
Min  Name~ vad [[ [ 92 %] output 2|
[©] ai 1,37 cell
[13] error
13 EE] hiddenLayerSize es 2 e=J &3 z ] 29 30 E: 32 EE] 34 35 36 EY
El info Ixt sf I 3990e+04 61424e+04 8.2063e+04 14324e+04 19234e+04 31201e+04 2.5492e+04 18976e+04 20687e+04 3.2527e+04 3.2005e+04 4.9343e+04 51319e+04 9.3569e+04 B8.9271e+04 | &
1 E inputDelays wi1{]|2
net Ixin||3
[0} output a7y [y
2.7502... [ pub g [
)t 137
[ 148{ |8
el tr s |7
e trainFen “train| | 8
0105  Hw 8| o
Y x 1x37
1l x s [
0] x | P
il y2 12y |12
13
14 1
15
16
17
18
19
20
= -
‘ i v « i 5
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Search Documentation

New Variable Analyze Code oE (G} Preferences () (‘4 Community
T [ FindFies &l B = < &8 (3 B
[ Open Variable = £ Run and Time (5 set atn = Request Support
Open |{-|Compare  Import  Save - Simuiink Help
- Data Workspace (7 ClearWorkspace ~ [/ Clear Commands ~  Library v Il Parater ~ ~ O Add-Ons v
FILE | VARIABLE | GODE | SIMULINK | NT | RESOURGES |
o T E L v G v Users b smartech b Deskiop b -
Workspace ® [ Editor - Untitled5* 4 Varicbles - y2
" -
Min  Name « Valu %> y2 = net (cell(0,80),xi,al)
[ i 2l e
E error 1x37 v2 =
13 BE hiddenLayerSize 13
E'"f” Iuds Columns 1 through 8
1 [H inputDelays Ixd1
%”ﬂ jz; [4.7148+04] [1.65528+04] [2.33362+04] [1.13592+04] [6.76132+03] [3.8035e+04] [4.28798+04] [4.95362+04]
output
2.7502... HH pub 48
Wt P Columns 9 through 16
ks 1esg
= P [2.7144+04] [£.22828+04] [3.84192+04] [6.08428+04] [6.08428+04] [6.08422+04] [6.08428+04] [6.08428+04]
d trainFen ‘train
9105 Hven P Columns 17 through 24
[0 x 1:37
x 1048 [6.08428+04] [6.08428+04] [6.08428+04] [6.08428+04] [6.08428+04] [6.08422+04] [6.08428+04] [6.08428+04]
[« 1xd1
[[y2 112 Columns 25 through 32
[6.08422+04] [6.08422+04] [6.08422+04] [6.08422+04] [6.08422+04] [6.0842e+04] [6.08422+04] [6.08422+04]
Columns 33 through 40
[6.0842e+04] [6.08428404] [6.08428+04] [6.08428+04] [6.0842e+04] [6.0842e+04] [6.08428+04] [6.08428+04]
Columns 41 through 48 |E|
[6.0842e+04] [6.0842e+04] [6.0842e+04] [6.0842e+04] [6.0842e+04] [6.0842e+04] [6.0842e+04] [6.0842e+04]
4 m y o
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Search Documentation

':E:' 9 ) Fna s &1 E iz, new variable | Anatyze Code @ @ {0} Preferences (% Community
il o [lorm o Ml e M Lt Open Variable {7 Run and Time: Lot (5 setPath b ¥ Request Support
Sﬂpt['l' mm@wmv@mwvmﬂ - mlvamlelv ~ ﬁmﬂonsv
FILE | VARIABLE ‘ CODE ‘ SIMULINK ENVIRONMENT ‘
«pEHmE » C: b Users » smartech b Desktop b -
Workspace ® Command Window |7 Editor - Untitled™ md Variables
Name ~ Value [y #|p | Xnew 2| y2 5 output 3
o ower 12 cell
aic 2bcell
ais Z0cell 15 16 17 18 19 20 21 2 3 24 25 % 27 2 2
ans L.2469e+05 14.1977e+04  38739e+04  35997e+04  28342e-04  27417e-04  21479e-04 235/Be-04 26006e-04 3.7491e+04 21699c-04 38313e+04 51400c+04 62762e+04  56693e+04  6.0919e+0¢ ~
closedLoopPerfor... 4.6257e+08 a
e Led2 cell
error 1xd2 cell g
feedbackDelays [123456] o
hiddenLayerSize 9 5
info Ll struct 6
inputDelays n23ase|_||5
net Lt network| | I o
netc 1l network,
nets et metwork| || |2
03] output 1ed2 ceil 10
o 9.8474e04 | | |11
performance 3.8851e08 | | |12
pub 4t double| | |15
stepAhesdPerfor..  3.8851e+08
o 14 L
t Led2 cell
T gt | |13
tc Led2 cell 16
Ll struct 17
trainFen ‘trainim’ 13
ts Led3 cell 19
ven 484 double
* a2 cell 2
X Leageell | |2 -

EE:' i [ Fna Faes % E Liz, New Variable |s7 Analyze Code @ % {8} Preferences @ % Community
New Mew Open |[|cCompars Import  Save RN ST Sinuink Layout = 5P e o Reauest Support
s.m{-l- Data Workspace |- ClearWorkspace v (77 ClearCommands v Lbrary = [[]] Paratel - Qhadeons v |
—r ! neuae \ cooe e
= o 515 L » C » Users » smartech » Desktop »
Workspace @  Command Window |3 Editor - Untitled™
Name = [y =] p 2| Xnew 2| y2 output
e at - 142 cell
aic Ji
ais 29 30 31 32 3 34 35 36 37 38 39 40 a1 42 43
ans 1.2469+05 1 6.0010e+04 0.5007e+04 9.5901e+03 10097e+04 25518e+04 4.5302e+04 1.8285e+04 1.4928e+04 3.2502e+04 4.4565e+04 4.5575e+04 57785e+04 6.6673e+04 9.1353e+04 -
closedLoopPerfar... 4.6257e+08 2
e Led2 cell
error LxdZ cell 2
feedbackDelays [123456] G
H hiddenLayerSize 9 s
info Ll struct 6
H inputDelays 23456l |_||7
net L metwork| | Iy =
netc 1xl network
nets 1t network| || |2
output 142 cell 10
P 9.8474e+04 1
performance 3.8851e-08 12
pub &t doubie| | I3
stepAheadPerfor..  38851e+08
o 14
t LedZ cell
T eddceli | |22
e LxdZ cell 16,
1xI struct 17
o] trainFcn “trainim’ 18
ts 1xd3 ceil 19
ven 48x1 double
x ZxdZ cell 20
X Tageett = |2 -

RIE & B & 2 @) search Docurmentation

E‘\l} | (Sl rarses l% E g, New Variable Lsr Analyze Code L%J @ {6} Preferences @ (% Community
vaw [T e e £ Open Variable ~ {7 Run and Time T (7 Set Path = = Reauest Support
Scipt v Compare | e 1 ciear v [ Clear ~ oy = [l Parate v v b acsons +
— i \ warnsie \ cooe LS ewrowes | ]
<= = G 3 L > G > Users » smartech » Desktop » -
Workspace ®  Command Window | Editor - Untitled*
Name Value |y =] p 2| new [y? %[ ouput |
i o Zwen
0] aic 2Gcetl a2 cell
0] ais Zd0cell 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
ans 1.2469¢+05 1 0195e+04 |31848e-04 26827204 47614e+04 3.0201e+04 4.2054e+04 5.4148e+04 44523e+04 51958e+04 5.3503e+04 56492e+04 49750e+04 46477e+04 31047e+04  41977es: »
HH closedLoopPerfor... 4.6257e+08 2 w
] e D2 cell
0] error o2 cell 2
H feedbackDelays [123456] <
HH hiddenLayerSize 9 5
FE] info Il struct 6
1 inputDelays n23sse] ||y
net I network g =
] netc Ixl network|
] nets 2xt metwork 9
1} output D2 cell 10
Hp 9.8474+04 11
{H performance 3.8851e+08 12
pub 48t double| || 3
[ stepAheadPerfor..  3.8851e+08
0] ¢ eazeell = W
ot tetgcelt | |18
0] tc 2 cell 16,
EE] tr 2l struct 17
bud trainFen “trainlm’ 13
[0 ts D3 cell
19
FH ven 48x] double
6] 2eazeell ez
(1] X 148 cell |2 -
« it v <[ i v
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PR, O 0= . 020 0. wemeaaS % SRS 020202022 Empew

earch Document:

E}‘ i3 g rmdries I% E Uz, New Variable |+ Analyze Code @ @ {0} Preferences. @ (% Community

Open Variable ~ Run and Time Set Path = Request Support
mwmwm@mmmﬁw & Slmi\icuarfomﬁ Nep‘_‘Req e
Suipt{v - Data Workspace (% Clear Workspace w |7 Clear Commands v Library * Il perater ~ ¥ 0 Add-Ons v
FILE | VARIABLE | CODE | SIMULINK | ENVIRONMENT | RESOURCES |
G I L r Cor Users » smartech b Desktop » -
Workspace ® mand Window Gl (-7 Editor - Untitled” [ Variables - 2
P g P iy TETIZIIETUIT n

Value

e L

26 cell e >> y2 = netcicell(0,12),xic,aic)

2x0 cell

1.2469+05 vz =

4.6257e+08

Ind2cell Columns 1 through 8

1nd2 cell

123456 [4.0502e+04] [4.57452+04] [4.9281e+04] [8.2302e+04] [3.3692e+04] [4.23642+04] [3.8401e+04] [3.6207e+04]

9

I struct Columns 9 through 12

123456 |_

1 network| | [3.38572+04] [3.59772+04] [4.1107=+04] [4.0791e+04]

1 network|

1ud netwerk »» y2 = netc(cell(D,12),xic,aic)

142 cell

9.8474e+04

v2

3.8851e+08 }:

;i’g;oug: Columns 1 through 8

8851+

1nd2 cell

el T [4.05028+04] [4.57452+04] [4.9281e+04] [8.2302e+04] [3.36922+04] [4.23642+04] [3.84012+04] [3.6207e+04]

1xd2 cell

1 struct Columns 9 through 12

'trainlm'’

1vd3 cell [3.38572+04] [3.58772+04] [4.11072+04] [4.0791e+04]

48x1 double
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VARIABLE 2l &l & &5 0 0 & 5 )] search Documentation

oo oo
'_]‘1:' ™ open v  Rows Columns. B BT 4 Transpose
New from Print - 1 1 insert Delete _  Sort -
= L | ween peee o
AR | =EEETET | =i —
== 5 L » C v Users » smartech » Desktop » -
Workspace @  Command Window |3 Editor - Untitled”
Min Name ~ Vi | y2 =] output
L L reeusackueays
13 [H hiddenLayerSize 13
1x 5 16 17 18 19 20 2 2 23 2 25 2% 27 £ 29
Lt ||1:404 26236204 2.0037e<04 21320e+04 3.2020e+04 55400e+04 50231e+0d 52486e+04 6.2133e-04 83314 01050e+03 1805le<04 37634e+04 10237e+04 [10260e-04 21¢<
1x ]
2
nets )
(03] output I
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Abstract
This research is an attempt to highlight the contribution of artificial neural
networks to support management decision making, through its use to predict the
size of sales in the Companies. To achieve the research objectives, a field study
was conducted for some Companies, Which showed the accuracy of artificial
neural networks in predicting sales volume. Its use will enhance the
management's ability to anticipate future sales and improve its performance and
this will be a support tool for decision makers, Especially that attention to sales
forecasting process leads to good predictions for other functions, this means
getting a powerful tool that supports different decision making.
Keywords: artificial neural networks, support decision-making, sales

forecasting .






