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L'électricité de I'Algérie a connu un développement remarquable représenté
par l'augmentation de la consommation d'électricité due au développement de
I'activité économique, au développement technologique et a la croissance
démographique, c'est pourquoi nous visons, a travers cette étude, d'étudier la
possibilité d'appliquer deux methodes pour prédire les futures valeurs de la
consommation d'énergie électrique qui sont la méthodologie de Box-Jenkins ;
I'un des plus importants méthodes économétrique qui se sont averées efficaces
dans la prédiction et la modélisation de divers types de series chronologiques ;
ainsi que l'application des réseaux neurones artificiels, qui dans leur intégralité
visent a simuler le cerveau humain pour résoudre plusieurs probléme parmi eux
la modélisation des séries chronologiques et la prédiction de leurs futures

valeurs.

Par conséquent, afin de realiser I'objectif géneral de I'étude, nous avons
choisi la quantité de consommation mensuelle de I'énergie électrique de basse et
moyenne tension dans la Willaya de Biskra entre janvier 2014 et décembre 2017
comme échantillon d’étude, et aprés la mise en ceuvre de la méthodologie de
Box Jenkins et Réseaux neurones artificiels, nous avons trouvé que la
méthodologie de Box Jenkins est la meilleure pour I'organisation car elle donne

des résultats tres proches de la réalité.

Les mots-clés: Energie, Energie électriqgue, Consommation d'énergie

électrique, méthodologie de Box-Jenkins, Réseaux neurones artificiels.



Abstract:

Electric energy in Algeria has seen a remarkable development represented
by the increase of electricity consumed as a result of the development of
economic activity and technological development as well as demographic
growth, that is why we aim through this study to study the possibility of
applying two methods to predict the future values of electric energy
consumption are methodology of Box-Jenkins which is one of the most
Important econometric methods that have proven effective in predicting and
modeling various types of time series, and artificial neural networks, which are
designed in order to simulate the human mind to solve different problems like

time series modeling and forecasting their future values.

Therefore, in order to apply the general objective of the study, we chose to
be the sample of the study represented by the monthly consumption of low and
medium tension electric energy in Willaya of Biskra, this is during the period
from January 2014 to December 2017, and after the applying of the
methodology of Box-Jenkins and artificial neural networks we found that the
methodology of Box-Jenkins is the best for the organization because it gave

results very near to reality.

Keywords: Energy, Electric energy, Electric energy consumption, Box-

Jenkins methodology, Artificial neural networks.
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francaise de statistiques, La France, Numéro 35, 2006, P 87.
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04/11/2014].
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> Guy Mélard, OPCIT P 87.

* Tugba Efendigil, Semih Onut, Cengiz Kahraman, A decision support system for demand forecasting with
artificial neural networks and neuro-fuzzy models : a comparative analysis, Expert systems with
applications, Elsevier, London, England, Number 36, 2009, P 6697.
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* Mehdi Khashei, Seyed Reza Hejazi, Mehdi Bijari, A new hybrid artificial neural networks and fuzzy
regression model for time series forecasting, Fuzzy sets and systems, Science direct, Elsevier, London,
England, Number 159, 2008, p 782.
* Jean Philippe Rennard, Marc Humbert, Raffi Duymedjian, OP-CIT, p 149.
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! Paul S.P.Cowpertwait, Andrew V.Metcalfe, Introductory time series with R, Springer Science+Business

Media LLC, New York, USA, 2009, P 122.
? Régis Bourbonnais, Econométrie, 3°™ édition, Dunod, France, 2000, p237.
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-Jack Johnston, John Dinardo, Méthodes économétriques, 4°™ édition, Economica, France, 1999, P 209.

- Nikolaos Dritsakis, Paraskevi Klazoglou, Forecasting unemployment rate in USA using Box-Jenkins
methodology, International Journal of Economics and financial issues, Vol 8, issue 1, 2018, p 11.
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* Christian francq, Jean-Michel Zakoian, GARCH Models structure, statistical inference and financial
applications, first publication, John Wiley & Sons Ltd, United Kingdom, 2010, P 5.
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issue 1, 2018, p 11.
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education Inc, USA, 2006, p 189.
* Roman Kozhan, Financial econometrics-with Eviews, Ventus Publishing APS, toun, 2010, P 70.

125



poiill alal2 B lba M aypmell syl2gally 3ilia gadegs Bpratia /eilill Jomll /

(DF) bt Dickey-Fuller jlga) o

S Eny i 3 oo iSIL mews LA 21979 dau Fuller sDickey (lalall .08
a3 Gl 13a Jal ey Y Al Siae dnadll AL culS 1Y) e sigrs ¢fAsal dlull)

2 b LS s 3l 3 lallal
(1 daall o S sV 3sai Yy = Oy, g + & :(01) IV zasaill-
¢l dsag SN JlaaW) #3900 Y = By g 0+ g 3(02) S zasal-
cale olad) e (S sV #3gai Y = @y g + ¢+ bt + g :(03) Gzl

zilall sl gpall Glapal) diph o alae¥) & il ey 1 eha) dal e

ol LS Ly ) L) D0
Aye = Aye_q + & :(01) IV zasail-
Ay = Ayeq +c+ & :(02) S8 z3gall-
Ay = Aye—q +c+ bt + & :(03) LG z3gaill-

G JCE) Sy cilimgs b il A =0 — 1 s

! Richard Harris, robert Sollis, Applied time series modeling and forecasting, John Wiley & Sons Ltd,
England, 2003, p 42.

? Héléne Hamisultane, Econometrie des series temporelles, p4, article publier sur le site http://helene-
hamisultane.voila.net/travaux/SERIES TEMPORELLE.pdf [consulter le 23/11/2014].

* Régis Bourbounnais , Econométrie —cours et exercices corrigés, 9°™ édition, Dunod, Paris-France, 2015, P
249.

rele eyl o
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* Robert A.Yaffee, Monnie McGee, Introduction to time series analysis and forecasting (with application of
SAS and SPSS), Academic Press INC, New York, USA, without year, P (208-211).
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du Bandama blanc a la station de Tortiva (Nord de la cote d’ivoire), Afrique Science, L’ENS d’Abijan,
Cote d’ivoire, 10(3), 2014, p137.
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(Feed Forward Network) dsaley) 4,5 e clsudl) -

LAY Al ) JAaY) Al (e aaly oladl Glesleall Gl Gl e gaill 138 8

OsSEs el Al Al e V) S5 Y A ol clajiad a1 ) dadé QYL LU e
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palall ad o ply dldiad) 2l sl Loal Laly Jaié spallall 8 siall cbnal e 2l
skl gjall  Lelaal jsae sy daih dpcalalls Al
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Al Apelel il saxeial) Appasl) Al a3 Lpaed) DI (e gl 138 AL (1

Ll CAse pe Lkl o lalaie) 3yblne cawad Gilajdall Cum dSe 430 50 Sy

o DA Julus dad o daih o dgie) Alage ol 8 4K a3 Dl sS55 Al
tladall ) DA e aaly olaily 3335 (gl L il Alsyal)
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bl alaill ol dassall alailly Load ans :(Supervised Learning) iyl alaili~1

el L e ) il oW s WY Chall s (Associative Learning)
e Agyre osSY A Al Jos W) an dlay ciball Y DA e IS Gl
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Aial bl on L Gl (addd Gaagr Lyl daais A g Gl aay W gllad)
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ansall ye adeilly Load e :( Unsupervised Learning) il & alaili-2

Alia s alaill e Canall 1 335 (Self Organisation) 1) ahaall L aw WS
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GlGAl ¢ ey Sladall b o leasant d QL (e desane DA e R <!
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Lol e lale
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DALl alaill sed CBhall e adailly Chall alail) Al g LY Gl o s dih A
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Lapeds & Farber s »1987 i culs dllaa Jify bl il ) Bl dudldl
die) Aluley gl A AN LI daa)lsds Glidal) saxie g i) A8 aladia) 5
il (A dasl) GIGED aladiu) g aca Aul)y Werbos a8 21988 ale 8y ajfiee e
S BLEY) sand A a8 AR LI daela pladil e 2oy Bl Judladl
Gl G llaaY) danll Gl axsiud bl ddee DA 43l a3l Judladl Al xie 4
zasai ol Jal e 2ay Alubud) cilaabliad Lpcalall s Alal) a@ll (5F g aall 3 palall duay;0al
Pl o3g dlind) 2@l sul e 3yl 4l

Ll ¢Sy Al Ao lihaal) dpnand)l IS Gillane ¢ 151 o 2aed) @l o8 4ile
Multilayer ) (MLP) cliall assia ()5 Sl 4805 Leaal Jagi ol Judldly sl b
@l «(Radial Basis Function) (RBF) deledy! sacldll dlla <il<ui «(perceptron
Sl (e laye s (Recurnent network) alall e s jiy|

i) 138 & 15l aal (e oo btV sac Al Ally lSad 5 cilidal) daxia (g fimyll A0S ol

P Lo aal o b ey cclSadl) e

S a5 :(Multilayer perceptron) (MLP) cilidall assia (g ) <

AL adl) alasind e S o gd dpa)ll Judladly 5l b Labaind culSual)

ol A Aladiad ws Dl Rl Rl Zadal)l & ) ges Sy ALK

g ilaiy JiSia— uSr g lad aladialy dadg Abiaa b 350 Q) Gupeaial Ldall Judaally 53 3)ln ) 2e dena Pla dena
(apmdl <Ll 55 aslall (agudl Amala ¢lladl il yal) 28 colimn ) b o]y5iS 5aled Jil Aaie sy e ikaua) Aguaanl) cilSal
.(107-106) = 2012

? Waddah Waheeb, Rozaida Ghazali, Tutut Herawan, Ridge polynomial neural network with error feedback
for_time series forecasting, PloS ONE, Zhaohong Deng, Jiangnan University, China, 11(12), December 31,
2016, P 2.
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alall olaiy) 3aat e exdidl Gl Lo clleall Gmar cha) sshdll o3 8

L) g alay laaliall e Bl e 3<5
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@y\ c.m\;.d\ ‘:J;\ 38 siall Culilull (’;..g.u.\s.} o IGITEN

bl 3 gas panty alad de sane Jidi a5 3(Training set) cuxill dc sens @
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)

:L.;}I\ DA g dpuaal) A0 39 st die
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Sall L) ASuE 8 aadiaall bl () and Cim alell leay Liad disens (Say
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(Neural network training) 4sudll capai :daglud) 3ghadl) <
to Lo ashaall oda aaig

a3 illy lisuand) gl Aand) diall 35V de sens dlagl iz dgall ailei o
Lo 8y IS A Leiad ah osY) desane of Al ladl) appal dad A

tUadll aypal e J8) ity lldg 2880 Aas Jaad Olsl ) Jpeasl)
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fpelihia¥) dpeaal) 430 o olieY) (Ko 4l A8 Jabal) guen gl e 4ieg
5l & Gellaal) Gpeaal) S8 Jeo Al gy pall IS, Al adll gl
sme Ll el Judlully 5l 8 g el 38 e aldieVL 1y Al Judlull

kil a3 Lalaial

Liail) Judladly 5530 B (MLP) dsllaaY) Lanl) A0l Jue 4401 :(12-2) o) Jsil)

X1 Xz Kenet1 ... Xt - Kt X
 a ) ) — - . N
(KXewerr o Xea Xt ) (Xe+1) ®—> £= Z Fe— 1
T e = b =Nz =+
ENTREE CIBLE
r - Y 031 )
“Xi — l:._}-—-.h__‘a_ Neurone 1 .
— -—:—~ S o8
_A.—A'-'_7( L g
X1 .'2 -F____--r""'__ / ‘_’J‘—J?\\ Weurane Sortie
e T e .
v {2 f b (Xp4,) PREDICTION
p A _
J_,-’ ’/I_l
_/"/ Neurore Ne
/ ¢ '/
Xe-Ne+1 {Ne ¥ - —,
\ v -
} i » Temps
t-1 :

. J-LmJ/

Cyril Voyant, Prédiction de séries temporelles de rayonnement solaire globale et de
production d’énergie photovoltaique a partir de réseaux de neurones artificiels, thése pour
["obtention du grade de docteur en physique, mention Energétique, Ecole doctorale

environnement et societe, Université de Corse-Pascal Paoli, la France, 2011, P 106.

b Lo ey odlef JSAN A (ad 4iag

! Cyril Voyant, Prédiction de séries temporelles de rayonnement solaire globale et de production d’énergie
photovoltaique a partir de réseaux de neurones artificiels, thése pour 1’obtention du grade de docteur en
physique, mention Energétique, Ecole doctorale environnement et societe, Université de Corse-Pascal Paoli, la
France, 2011, P 106.
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e LeSl aisil Aysead) Appad) e lede Jpeanl) 5 gl Jgaadl b dacmsall bl of bl

B Sl

(o Al gt ABUAL (o el INGIUN) das 1(2-3) Jgaadl
2017-2014 558 JNA § S AN

109 542 558 sila

95 662 843 T

89 262 155 Do

112 034 061 Jil

105 175 209 sl o
102 966 247 O N
176 390 172 Alsa =
183 302 509 sl

159 355 493 i

223 949 122 s

143 300 762 bl

100 271 517 e

128 186 611 il

105 348 613 gL

98 297 308 ool
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126 046 297 Ssa o
211 634 031 R S
210 193 430 & W
177 970 680 e

235 507 365 it

141 562 679 PO

99 340 534 and

128 487 087 il

121 114 740 B

113 366 497 ok

139 416 353 Jul

122 048 076 sl o
127 417 574 o —
232 458 119 iddisa N
215 542 821 o

182 274 686 o

225 261 327 i

147 615 205 g

111 365 516 g

134 929 814 Shila

113 643 365 (A

120 494 469 ole g
142 287 384 Ja il :
121 899 158 sl

150 339 509 s>

266 007 412 il
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250 808 609 ool
192 064 926 i
244 818 494 5]
155 817 783 BN
136 553 779 JO
C_wi/@%d/ Lyl Ly dendal) Filigl Ao /.,Laic/f.é.i sl
$Ss LY il o Lpg Sl

B S As) £ g gAY 4 pgid) Aldedll Sl Jial) £ S gAY

Al Al (3 Galaiey dabie abie 8 (2-3) Jeaall Cldaae Jheh as
Sisill @) sleSll gedll Dlguy) 4S8 CONSOM Jici cua CONSOM = f(t)

sl giniall e Joanil 8580y A 8 (e gially (imiial

CONSOM iladudt Alull Jiiah 1(2-3) a8, Jel

CONSOM
280,000,000

240,000,000

200,000,000

160,000,000

120,000,000

80,000,000

I | |y A | | A | A (1 VA A (R (VI "
2014 2015 2016 2017

Eviews 8 <ilajso o olaic YU Laldl she/ o i ksl
A5 6Kl 8 )y A1 A8 el ABlal) ellginl A Alulid Sl Jsial) (2-3) JSEl) g

132 P e sl Cua 22017 ey el ) 22014 sl b (e BYee 3L 48
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8 Basasall LA 8 (et Apanse & bt dllia of LS aliiie e ale oladl dsag Jiaial

Ll Ll 1) ALyl Jad)
Ll gt 48Ul eblgin Apas! 4y pgdd) Aludall dilany) cilyanal) Jalas Bl g 4
B Sy 45!

Dl A AloeSl ALl oDl el dglasy) clbbadl sl 3 o

.(CONSOM)

CONSOM Aaduall Astlany) cilbanall :(3-3) a8, Jeil

Series: CONSOM
Sample 2014M01 2017M12
Observations 48

Mean 1.52e+08
Median 1.36e+08
Maximum 2.66e+08
Minimum 89262155
Std. Dev. 48487288
Skewness 0.815861
Kurtosis 2.446459

Jarque-Bera  5.937849
Probability 0.051359

Eviews 8 melin Ao alaic YU Laldl dse) (1o 2 jtaall
ol DN 3l o ey land) JSEY 3 Aaiasall Aplan) Cldasall DA
AaeS il Cun (2017 R e Align el B A) Al ol Al 50 AV Al5e<) 28D
B ol el b il DLl A B G WS (e le LIS 266 007 412 <Digaa)
Ollanall jeliiy Al 358 P buda 13y elu LIS 89 262 155 caly Al 22017

152000 &l 58 35 8 el D) hawgie of Gilad) JSE) 3 Lgaall d8laa)
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Golbre bl luall ehugie e <l CONSOM 4l Alulul) a8 o)) LS elu LlilS

ool LsLS 48487288 o

S ANy A eleSll el D) Lpesd Al Alulull gamd laa) dal g
4 gad) il Ciyelal Gua Jarque-Bera dsbasl cpeins Wil uhll aysll ( CONSOM)

b Lo i) gl s

i 8wl Apadl dilasyl dadlly  JB= 5937849 & dsusall dal
ALl of 6f Asie Appiall Apmdll 8 JB < x§5(2) of Lo 45 X8 05(2) = 5,991 .2
- s2ub a5 1ii CONSOM el

i3l Aadd) dagha (i Cadsl) gl gl

3333 5l CONSOM 4sojl) aluduad) gl sy (531 zsail g5 e iyl Jaf e
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diph o aldieY) g gasell allas o dal e ailes 0=1,2,3,4 :0d 0 = Bo + B1Y;

L lsall Jsaall 8 disae Lgle Juaniall ity g pall cilasal

g giad) lunl) Basially (g gid) g baal) Gilaiy) :(3-3) aby Jgaal)

il g ABLaY) Mg

ol @laal) GlA) | el alead) Jagial <l g
i
43198831,113823 133434387,333333 2014
48187646,1513548 148082653,583333 2015
45701445,7627201 155530666,75 2016
55159279,0715652 169138725,166667 2017

Excelle moliy posinly (2-3) ad) Joand cilily Ao olaie YU Lald) s/ o i jsaall

A Jgaall e Juass Wild SPSS 16 maliy pladiulyg

i) cBlalaa :(4-3) ad) Jgaal)

Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 1.806E6 1.750E7 .103 .927
moyen .305 115 .882 2.653 .118

(7-3) dsall Slily e Ioliin] s SPSS16 zalin Ao olaic YU Lilh)] oac) o i taad)

¢ =1,806+ 0,305y, : Jall J<all (oS5 5y0all jlasiV) dlalead Ul
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ALadod ially A Bl ) ANAL 5L (el 1(5-3) ) Jsaal

CONSOM disigiuy)

Date: 05/21M18 Time: 23:39
Sample: 2014M01 2017M12
Included observations: 48
Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[ — [ — 1 0545 0545 15147 0.000
= o 2 0258 -0.055 18614 0.000
[ [ 3 0187 0099 20486 0.000
— | I— 4 -0.310 -0.639 25737 0.000
 — 1 1 5 -0.452 0.022 37138 0.000
_ 1 1 G -0.301 0.010 42302 0.000
] g o 7 -0.430 -0.144 53141 0.000
_ [ 8 -0.280 -0.025 57.846 0.000
@At = 9 0151 0.313 59.253 0.000
1 Emn oo 10 0.213 0059 62119 0.000
[ — [ 11 0408 0281 72892 0.000
[ — [ 12 0678 0191 103.54 0.000
= — 13 0.315 -0.328 11033 0.000
@A I I 14 0.099 -0.001 114.02 0.000
oo o 15 0.045 -0.052 11417 0.000
— 1 Em 16 -0.300 0232 1417.90 0.000
. 1 [ 17 -0.370 -0.047 12549 0.000
= I 18 -0.259 -0.103 133.86 0.000
— [ 19 -0.341 -0.032 14350 0.000
L 1 1 20 -0.204 -0.018 147.09 0.000

Eviews 8 meliy Ao slaic YU Lialdl e/ o 2 jtaall
O oy oSlel Jsaall & daimsall Sially  SIA Lalopy) A bl Jaal s o
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i) Aloded Apangall cilaleall 1(6-3) a3 Jgaal)

CONSOM

Date: 0522118 Time: 11:25
Sample: 20014M01 201712
Included cbservations: 48
Difference from Moving Average
Original Series: COMRSOM
Adjusted Series: COMISOMSA

Scaling Factors:

-20065445
-39413312
-43454675
-18337798
35777313
-21458591
G1812648
57395797
26899651
10 21034669
11 -3647516
12 -450338114

000 = oM e Wb =

Eviews 8 meliy Ao slaic YU Lialdl e/ o 2 jtaall
omssall Y1 de g 3iall 580 AN e LeSI gy l) DLl Al e Joanin Lild 4iag
: sb LS (CONSOMSA)

B Sy ANl £ LiygSll gyl Mg Agas 1(7-3) Jgaad)
(CONSOMSA) ramsall Y (pa dla)

129608003.1111111 Siila
135076154.7222222 G o
132716830.4583333 ol S
130371859.1944445 Jul &
140952522.4305556 sl

124424838.25 s
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145309631.25 ansd
148252056.1111111 Sl
144761924.7222222 s
141751983.4583333 ole
146375417.1944444 Jul
150643989.4305556 sl o

147504888.25 Ssa —
149821383.3888889 il W
152797633.3055556 Sl
151071028.5833333 adisu
154422695.7638889 esS
145210194.5416667 PR

144378648.25 amsd
148552532.1111111 Sl
160528051.7222222 (G
156821172.4583333 oole
157754151.1944444 Jasl o
157825389.4305556 sl —

148876165.25 s =)
170645471.3888889 idisa
158147024.3055556 ool
155375034.5833333 aian
144176657.7638889 s
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151262720.5416667 s

156403630.25 amd
154995259.1111111 Sdila
153056676.7222222 s
163949144.4583333 ole
160625182.1944444 Sl
157676471.4305556 sl o

171798100.25 Ssa —
204194764.3888889 il ~
193412812.3055556 ol
165165274.5833333 paaisas
163733824.7638889 5
159465298.5416667 QR

181591893.25 amd

Eviews 8 meliy Ao olaic Yly Lalill slac) e i jtaall
CONSOMSA édgind dlutdud il ‘“,'a'\.'ﬁ\ Jali ) Adla sl g Al
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3 ally A BN AN Sl Sl :(8-3) a8 Jgaal)

CONSOMSA

Date: 05/22/18 Time: 11:49
Sample: 2014M01 2017TM12
Included observations: 48

Autocorrelation FPartial Correlation AC PAC Q-Stat Prob

— 0747 0747 284632 0.000
0572 0.033 45546 0.000
0.492 0123 5B.462 0.000
0.495 0188 71.838 0.000
0458 0.005 83.525 0.000
0.312 -0.208 892.072 0.000
0.221 -0.004 91942 0.000
0175 -0.026 93777 0.000
0128 -0.078 94787 0.000
10 0100 0.055 95414 0.000

|
o
mp
1
1
1
1
1
m
— 11 0150 0.243 96866 0.000
1
1
1
1
1
1
1
1
1

il

[ Y

12 0158 -0.012 98.540 0.000
13 0104 -0.102 99275 0.000
14 0069 0.034 99.610 0.000

o

I
1] 15 0.099 0.043 10033 0.000
16 0.090 -0.184 10094 0.000
17 0111 0155 101.89 0.000
18 -0.001 -0.218 101.89 0.000
19 -0.056 -0.0¥6 10216 0.000

20 -0.068 0.046 10255 0.000

I_II—II_I'—'LI|_||_|LIIJ|_||_|

|

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
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| o
1

=l =]

1l

Eviews8 zeliy Ao olaic Y0 Lalill slac) e 2 jtaall
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Ljung- [lia) axdiu e by syiise ye (CONSOMSA) camssall Y A gjuall 4yl
o2 (all Cua (K20 Clsadll <y I3 LaliV) Al D lebed A0S0 4ygimall dulal Box

L 965=0, Ay5ina (s5ime 2o jiall Lgina (gsbus I Bl D lelea ol dpa il

Ll « Q*=102,55 : & LY dglas) of muaiy (8-3) Jsaall mils DA (b diag
el o ST Q* Aysuad) Al of Ly Ml ¢ X8 05(20) = 31,41 & {gandl Gl

Lisine gslast S Lol V1 D lalaa )l AL aaall Ay jd (oabyy agii Lild x2 0 (20) Al saal)
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Aulud)l (8 Jalls Aglan) AV Lgal cdlales @l of gl %5=00 dysine (ssime 2ic jauall

o LeSl @Dl Aludu b ale oladl 3y o Jis 138y 3ie e (CONSOMSA) el
CONSOMSA Aluludl ¢ia gjig alall sla¥) ASya (e il :gall) g il

e AsB 13 ls daizsall (CONSOMSA) alulud) Al aze e astill Jal o
c(ADF) )}u\ Jjjﬁ ‘_ég..‘: )L}.\;\ ‘_AQ daix b Lu}ﬁ :\7144)5\ PRI ‘E ebd\ sy :\_\SJA deng

EViews 8 zaliyu lain U aiubss 25 g3 JLEaY) 1zl el Nsall Jsaally

CONSOMSA Aududl o jghaall Jlgh & L) gilhi :(9-3) by Jsaal

Mull Hypothesis: COMSOMSA has a unit root
Exogenous: Mone

Lag Length: 0 (Automatic - based on 31, maxlag=9)

t-Statistic Prob.®
7 3 gadl
Augmented Dickey-Fuller test statistic 0.524035 0.8254 (04) C ‘
Test critical values: 1% level -2.615093
5% level -1.847975
10% level -1.612408

Mull Hypothesis: COMNSOMSA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=2)

t-Statistic Prob.*

(5) glsa
Augmented Dickey-Fuller test statistic -2.080459 0.2532
Test critical values: 1% level -3.8TTT23
5% level -2.925169
10% level -2 600658
*Mackinnon {1996) one-sided p-values.
Mull Hypothesis: COMNSOMEA has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 {Automatic - based on SIC, maxlag=9)
t-Statistic Prob.* ..
(6) zasai)
Augmented Dickey-Fuller test statistic -4 795662 0.0018
Test critical values: 1% level -4 170583
5% level -3.510740
10% level -3.185512

Eviews8 meliy Ao slaic Yl Lallf sloc/ e 2 jtaall
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iduls of o3lel Joaall & Lsadll (ADF) shall jl (S0 los) gz DA (e Jaadls

syse e (CONSOMSA) camsall Y1 dejiall 3)Sus 4Ny & sleSl gyell <Dl
Al Je ADF loal Gubi sale) & ey A9V Aaal) (e lig dll Cluny alal) 5 35

1l st e Joasil (DCONSOMSA) (A1 Aol (e gl <l o Ly je Sl eDlgin

DCONSOMSA adul) o shall jigh S L) gl :(10-3) aby Jssall

Mull Hypothesis: DHCOMNSOMSA)Y has a unit root
Exogenous: Mone

Lag Length: 2 (Automatic - based on SI1C, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.869567 00000 (4) G.SJ,Q.U\
Test critical values: 1% level -2 618579
5% level -1.948495
10% level -1.612135

Mull Hypothesis: D(COMNSOMSA) has a unit root
Exogenous: Constant

Lag Length: 2 (Automatic - based on SI1C, maxlag=9)

t-Statistic Prob.* .
(5) Zagall)
Augmented Dickey-Fuller test statistic -5.994326 0.0000
Test critical values: 1% level -3.588509
5% level -2.929734
10% level -2.603064
Mull Hypothesis: D{COMNSOMSA) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.906392 0.0001 (6) Gdﬂ‘
Test critical values: 1% level -4 180911
5% level -3.515523
10% level -3.188259

Eviews8 geliy Ao slaic YL Lald) se/ e 2 psadl
zilall LU A0laaY) adll of oSlel Jsaall 8 dagadl Hlaal) il A (e Bl

O sl dy e 0.05 e Ji a5 Prob=0.00 &l sl s culs D)

3)ise DCONSOMSA
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Adlgall el 8 lgaymy asiin Ally leeld) g

il dlda e 1 J oY) allaal)

G L DA e DCONSOMSA 6L 5eSH gy duiadll dlodad) dy))sia) (e 2ST aay
kel aaat g oy lly Capail) Aaje oas VT 3uSiam (S Tungie Jabe e Alage Jf S
Sl Jaall e Aapall sda 8 e 13gd i) el Aladudl L s o) (e

DCONSOMSA alulull sally 330 Lls,¥1 il

DCONSOMSA ilaull ,5ally 303 Bla ¥l sl Sld) Jdal) :(11-3) oy Jgasd

Date: 05/22/18 Time: 12:35
Sample: 2014M01 201TM12
Included observations: 47

Autocorrelation Partial Carrelation AC PAC  Q-Stat  Prob

1 -0.047 -0.047 01092 0741
2 -0.286 -0.288 42842 01117
3 -0.241 -0.297 7F.3207 0.062
4 -0.035 -0.206 7.3875 0117
5 0117 -0.102 B8.1355 0.149
6
7
8

[0

I

I

I

I
= 1
I -0.002 -0.186 8.1357 0228
I 0.017 -0.091 81532 0.319
I 0.004 -0.0¥9 81540 0419
I 9 -0.027 -0.104 851996 0514
I 10 -0.119 -0.230 9.0802 0525
I
I
I
I
I
I
I
I
I
I

cloeefal

11 0.081 -0.051 9.4984 0576
12 0163 0.036 11.242 0508
13 -0.040 -0.088 11.352 0.581

=

Om

14 -0.141 -0.131 12739 0547
15 0.047 0.0682 12899 0610
16 -0.079 -0.207 13.364 0.646
17 0239 0207 17.744 0405
18 -0.006 0037 17.748 0472
19 -0.159 -0.066 19.8332 0405
20 -0.0¥5 -0.045 20317 0438

] 1}

il

= =

o]

|

|
| |
| |
| |
| |
| |
| |
| |
g
[
| |
| |
| |
| |
| |
| |
| |
| |
| |
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Jalra o T pall Lsima ol k=2,3 Clsadll Jal e Lguadll Jially 312 Llgyy)
Jalre o LS (MA(2) zisar Gl A Al a5 jaall oo Lsiea aliag p(2) Llay)
‘AR(3)5 AR(2) zasaill Gily L 13y siuall (o Lgia alisy 1(3) 5 1(2) ol Llay)

ARMA(3,2) ‘ARMA(2,2) :a ) zdlaill Loaf & i3 Lild bea gillall ) daillysg
ol Al ya :gim\ ulladl)

Aad O any 3z dgaill L8R 3 Wl A i) bl oy o g Alsall o3 DA (e

A Jolaall P (e pasill 5l jeldaig « SChwarz s Akaike 5ol
DCONSOMSA 4llull MA(2) zigal i o

DCONSOMSA Aludull MA(2) gisai i :(12-3) o) Jgaal

Cependent Variable: D{COMNSOMSA)
Method: Least Squares

Date: 05/22/18 Time: 12:57

Sample (adjusted): 2014M02 2017M12
Included observations: 47 after adjustments
Convergence achieved after 12 iterations
M& Backcast 2013M12 2014M01

Variable Coefficient Std. Errar t-Statistic Prob.
C 1045463 8677505 1.204796 0.2346
MALZ) -0.412212 0.142879 -2.885049 0.0060
R-squared 0116926 Mean dependentvar 1106040.
Adjusted R-squared 0097302 3S.D. dependentvar 10289668
S.E. ofregression 9776259,  Akaike info criterion 3507043
Sum squared resid 4 30E+15  Schwarz criterion 3514916
Lag likelinood -822 1552 Hannan-Quinn criter. 3510006
F-statistic 5958329 Durbin-Watson stat 2 321682
Prob(F-statistic) 0.018646
Inverted MA Roots G4 -64
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b WS zsaill debua salely a5k

DCONSOMSA Aulall MA(2) gisai i :(13-3) a8, Jgaall

cull g

Dependent Variable: D{COMNSOMSA)
Method: Least Squares

Date: 05/22M18 Time: 1300

Sample (adjusted): 2014M02 2017M12
Included observations: 47 after adjustments
Convergence achieved after 5 iterations

MA Backcast: 201 3M12 2014M01

Variable Coefficient Std. Error t-Statistic Prob.
MA(Z2) -0.365369 0145582 -2.509708 0.0157
R-squared 0.090478 Mean dependent var 1106040.
Adjusted R-squared 0.090478 S.0D. dependentwvar 10289668
S.E. of regression 9813142 Akaike info criterion 3505739
Sum squared resid 4 43E+15 Schwarz criterion 35.09675
Log likelihood -822.8487 Hannan-Quinn criter. 25.07220
Durbin-Watson stat 2209265
Inverted MA Roots (60 -.60

Eviews8 zmeliy Ao olaic YU Lalill dlse/ o i jtaall
d}-ﬂ-a G.J)Aﬂ\ Q}é L;lﬂb} 0.05 (e dﬂ Jeleall dlaial) dal) OT djd,éj\ Cjtu L

e Lilas)
DCONSOMSA alull AR(2) gisai il

DCONSOMSA Alulall AR(2) zisai sk :(14-3) ad Jsaal

Dependent Wariable: D{CORNSOMSA)
Method: Least Squares

Date: 05/22/M18 Time: 12:032

Sample (adjusted): 2014M04 2017M12
Included observations: 45 after adjustments
Convergence achieved after 9 iterations

Variable Coeflicient Std. Error t-Statistic Prob.

C 1007288, 1145494, 0.879349 0.3841

ARZ2) -0.216643 0.152578 -2.075291 0.0440

R-squared 0.091040 Mean dependent var 1086113,

Adjusted R-squared 0059902 S.D. dependent var 10487330

S.E. of regression 10114149  Akaike info criterion 3514020

Sum squared resid 4 A0E+15 Schwarz criterion 3522049

Log likelinood -FT88.6544 Hannan-2uinn criter. 35170132

F-statistic 4 2068322 Durbin-Watson stat 2197454
Prob(F-statistic) 0.042976
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DCONSOMSA iludull AR(2) gisal i :(15-3) a8 Jgaall
<l Gen

Dependent Variable: D{COMNSOMSA)
Method: Least Squares

Date: 05/22M18 Time: 12:07

Sample (adjusted): 2014M04 2017M12
Included observations: 45 after adjustments
Convergence achieved after 2 iterations

Variable Coefficient Std. Error t-Statistic Prob.

ARI(Z) -0.206404 0151731 -2.019389 0.0496
R-squared 0074780 Mean dependentwvar 1086113,
Adjusted R-squared 0074780 S.D. dependentwvar 10487330
5.E. ofregression 10087589 Akaike info criterion 3511348
Sum squared resid 4 4BE+15 Schwarz criterion 3515363
Log likelihood -789.0533 Hannan-CQuinn criter. 3512845
Durbin-Watson stat 2152561

Eviews8 zeliy Ao olaic Y0 Lialall slac) e 2 jtaall
o 08 deledll AILARY) Rl () qaly Tiny Lt Lilan] Jpe zisedl o ades

DCONSOMSA Alulull AR(3) isai ki o

DCONSOMSA Alulall AR(3) zisai sk :(16-3) ad Jssal

Dependent Variable: D{COMNIOMSA)
Method: Least Squares

Date: 05/22M18 Time: 12:12

Sample (adjusted): 2014M05 2017M12
Included observations: 44 after adjustments
Convergence achieved after 9 iterations

wariable Coefficient Std. Error t-Statistic Prob.
[ 10890586, 1223960 0.882570 0.2825
ARC3) -0.267090 0156483 -1. 706827 0.0952
R-sqguared 0.064864 Mean dependentwvar 1164092,
Adjusted R-squared 0042599 S0, dependent var 10595370
S.E. ofregression 10367238 Akaike info criterion 35.19059
Sum squared resid 4 51E+15 Schwarz criterion 35 271649
Log likelihood -FTr2.1929 Hannan-CQuinn criter. 3522066
F-statistic 2.913258 Durbin-Watson stat 2204592
FProb(F-statistic) 00952329
Inverted AR Roots .32+ 56i .32-.56i -.64
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aill ol aaly 1385 Wlaa) clsiie s cplebeall IS o moaiy Jpaad) il DA

Alas) Jsie e zsall b s 0.05 e LT AdlaaY)
DCONSOMSA 4ulull ARMA(2,2) gisal s o

Lulull ARMA(2,2) gisal sk :(17-3) ad; Jsaal
DCONSOMSA

Dependent Wariable: D{COMNSOMSA)
Method: Least Squares
Crate: 05/22/18 Time: 13:19
Sample (adjusted): 2014M04 2017M12
Included observations: 45 after adjustments
Convergence achieved after 13 iterations
M& Backcast 2014M02 2014M03
Wariable Coefficient Std. Error t-Statistic Prob.
c 1086087, BE83T6.4 1.624963 01117
AR(2) 0.590408 0.233709 2526257 0.0154
MALZ) -0.90T7426 0.147140 -G.167090 0.0000
R-squared 0.124306 Mean dependent var 1086113,
Adjusted R-squared 0.082082 S.D. dependentwvar 104873230
S.E. of regression 9987316, Akaike info criterion 35.13587
Sum squared resid 4 19E+15 Schwarz criterion 3525631
Log likelihood -T87.5571 Hannan-Cuinn criter. 3518077
F-statistic 2.257999 Durbin-Watson stat 2.329039
Prob{F-statistic) 0.048378
Inverted AR Roots i -F7
Inverted MA Roots .a5 -.95

Eviews8 zeliy Ao olaic Y0 Lialull sac) (e i jsaall

ol LS sl A lin e Wil Lilaa) Ay e i dad o Ly

ALududt ARMA(2,2) gisal i :(18-3) a8, Jgaal
euls o s DCONSOMSA

Ciependent Variable: D{COMNIOMIAY
Method: Least Squares

Date: 05/22/18 Time: 13:22

Sample (adjusted): 2014M04 2017M12
Included observations: 45 after adjustments
Conwvergence achieved after 9 iterations

MA Backcast 2014M02 2014MO03

Variable Coefficient Std. Error t-Statistic FProb.
ARCZ) 0. 154541 0412999 0.3958647 05921
MALZ2) -0.514407 0.350320 -1.4683390 0.1493
R-squared 0091022 Mean dependentwvar 1086113,
Adjusted R-squared 0.058889 S.D. dependentwvar 10487330
S.E. of regression 10114220 Akaike info criterion 35.14021
Sum squared resid 4 40E+15 Schwarz criterion 3522051
Log likelihood -788.6547 Hannan-Quinn criter. 3517014
Durbin-Watson stat 2206294
Inverted AR Roots 41 -41
Inverted MA Roots T2 -T2
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DCONSOMSA ilulull ARMA(3,2) isai s <

Lulull ARMA(3,2) gisal sk :(19-3) ad; Jsaal
DCONSOMSA

Dependent Variable: D{COMNS0OMSA)
Method: Least Squares
Date: 05/22M18 Time: 1326
Sample (adjusted). 2014M05 2017M12
Included observations: 44 after adjustments
Convergence achieved after 13 iterations
MA Backcast 2014M03 2014M04
Variable Coefficient 3td. Error t-Statistic Prob.
C 1134831, 4919001 2307035 0.0262
AR(3) -0.372261 0.169454 -2.196826 0.0337
MALZ) -0.563998 0.148367 -3.801369 0.0005
R-squared 0.224906 Mean dependentvar 1164092,
Adjusted R-squared 0187096 S.D. dependentvar 10595370
S.E. of regression 9552911, Akaike info criterion 35.04534
Sum squared resid 3 74E+15 Schwarz criterion 3516999
Log likelinood -768.0634 Hannan-CQuinn criter. 35.09345
F-statistic 5948390 Durbin-Watson stat 2518841
Prob(F-statistic) 0.005392
Inverted AR Roots 36-B62i 36+.62i -T2
Inverted MA Roots 75 -75

Eviews8 zeliy Ao olaic Y0 Lialull slac) e 2 jtaall
Ol Jully Wilas) dlsde 4pa8ill Ellalaall ppen O Jsaall & gl bl jeldas

e Wilaa) Jsse el 235l
DCONSOMSA Alulull Juail) gigaill jLadl o

3l D Ll 4l aas A8Lal) Jglaall 8 dipalls Ailan) Alsiie Lyl 7z 3t olaiind 2
oed e s ARMA(3,2) zisalll haly AR(2) zisais MA(2) zisal 1y Wilas) dlgis
Akaike (AIC) plme dad o adini uuliall zigall Hladly 3lall Gy 23ad) Jal

Pomlaall 038 ad cpa  Asall Jsaadly sasill Jelas 4 1385 Schwarz (SC) s
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& Asalll R? sC AIC

MA(2) 0,09 35,0967 35,0573

AR(2) 0,07 35,1536 35,1123
ARMA(3,2) 0,22 35,1634 35,0448

Eviews 8 meliy cilajie o slaie YU Lialdl e/ o 2 jtaall
A ideg Sl 3R yasill Jalae Jaag ) z3saill oF and Joanl) it PIA (b 4iley

- ARMA(3,2) 735l 58 Lagd dad o 3 SC 5 AIC (gylxes

55 A5 B o LeSll (5l Dlgin) dueS o ST e 3 JiaY) z3saill Gl Ity
WY e leSll el D) LS of im 138 <AARMA(3,2) s» (DCONSOMSA)
Sulbs ARIMA(3,1,2) zisas Gis ¢lai (CONSOMSA;) camssall 5V degiaal 5)Suy

toh LS § lay sl 73 el

DCONSOMSA, = —0,372261DCONSOMSA,_; + & — 0,563998¢,_,
Cales apen o) (a8 oMol HsSAal sl o Jpanlly il dleny Ll aey
O eleall Alaial) gl aaan ()5S aaly 130 s Ailan) AV @l Ll o Lilaa) Agie z35al
Jsill e SEN dal ey cbibian) Joie zisaill b Wae Joill oSay Sty 0.05 e i

aald 5 Ay (8 e LpeSll (gyedl) oDl ey sl Adee 8 agle aldie Wy zagaill Al
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Date: 05/22/18 Time: 14:29

Sample: 2014M01 2017M12

Included observations: 44

Q-statistic probabilities adjusted for 2 ARMA terms

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

—_ —_ 1 -0.295 -0.295 4.0909
[ ! 1 2 0.093 0007 45085
! ! ! 1 3 -0.047 -0.019 46164 0.032
g [ 4 -0.052 -0.079 47557 0.093
! ! ! 1 5 0.020 -0.016 47772 0.189
[ | [ V| 6 -0.057 -0.054 49473 0293
| | | 1 7 0.005 -0.034 49488 0422
[ g o 8 -0.068 -0.084 52111 0517
! ! ! 1 9 0.003 -0047 52117 0.634
[ g o 10 -0.097 -0126 57754 0672
! ! [ 11 0.019 -0.060 57976 0.760
[ [ 12 0077 0.064 61739 0.800
! ! ! 1 13 -0.014 0.013 61872 0.861
g o g o1 14 -0.083 -0.142 67692 0872
[ | [ 15 0163 0106 8.6261 0.801
g g o 16 -0.209 -0.154 11780 0624
| | [ 17 0186 0.065 14377 0497
| | [ 18 -0.021 0.057 14410 0568
[ g 19 -0.123 -0.154 15634 0550
! ! g 20 -0.034 -0159 15732 0611

Eviews8 zeliy Ao olaic Y0 Lialall slac) e 2 jtaall
Aluld I dals )Y cdlelea aen o (21-3) Jsaadl 8 Dgaal il DA (e ey
Ljung- Ll o adies olld (e oSBl, jacall Ugine g5l Lol of A8 Jlae Jaly a5 )5l
Q*=15.732 sl ,Lia¥l dglias) o odef Jsanl) 5 dgaall malal) A (e 22D Cua BOX
s (K20 o clsadll o Jlae¥) gae Y ad) loal) 13l Qdled) ddgaall dagll,

Tpmil) Js alh Adpaall Al o B Lypndll el of Loy e x305(20) = 3141
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o) B D e Ji 13 0.05
) Bl Ay i) JLER) o

DU Gings 1y ool Ll Clagye Alalad ally A Ll Al daby o

t el Jsaall Lo Jomaitl i) JBlgs )i
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Diate: 05/22M8 Time: 14:34
Sample: 2014M01 2017012
Included observations: 44

Autocorrelation Partial Carrelation AC PAC Q-Stat Prob

H H 0154 0154 11209 0.290
-0.019 -0.044 11381 0566
-0.007 0.003 1.1406 0767
0.085 0.087 15086 0.825

1
I 2
3
4
5 0028 0001 1.5500 0907
G
7
a

]

.
=

-0.068 -0.070 1.7985 0937

=1

-0.064 -0.041 20257 0958
-0.008 -0.002 2.0291 0980
9 0120 0119 28578 0970
10 -0.084 -0117 322743 0974
— 11 0247 0316 7.0160 0798
! 12 0201 0112 95789 0653
! 13 -0.009 -0.089 95842 0.728
! 14 -0.109 -0.081 10382 0734
! 15 -0.066 -0.071 10683 0775
! 16 0.017 -0.009 10704 0827
|
|
|
|

O

O ©

17 -0.009 0,008 10710 0871
18 -0.089 -0.044 11.320 0.880
19 -0.085 0.018 11.905 0.8920

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
' 20 0.002 -0.094 11.805 0.919

mm
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Series: Residuals
Sample 2014M05 2017M12

10

8 Observations 44
Mean -95030.87
6 Median -7192617.2
Maximum 29247711
Minimum -19313303
4 Std. Dev. 9327610.
Skewness 0.536289
Kurtosis 4.144937

Jarque-Bera  4.512390
Probability 0.104748

0
-2.0e+07 -9999975 25.0000 1.0e+07 2.0e+07 3.0e+07
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Apm Ay LU dpaeall Lol Ji Uleay o 1385 0.05 e ST a5 0.104748 sls
Jarque-Bera aglas) Jleiuly ¢l (o SB (Sayy apdal) apysill il 8l Al g und
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0,563998¢,, 1 »

Sl (CONSOM) S Yy 8 4l es) PN xdll (g elll D) A4S i
Jasis Ll (CONSOMFOR) 5% &5 (b Al B (e l) Dlidl] Lgs L

Glsall Jeal e

CONSOMFOR s CONSOM ¢pitedial (Alal) Jfail) :(4-3) a3, Jedd)

280,000,000

240,000,000

200,000,000

160,000,000

120,000,000

80,000,000

| LI 1| VA I wvl I v v
2014 2015 2016 2017

| — CONSOMFOR —— CONSOM |
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Box-Jenkins dagial sl 48y (uld cifpdipa :(24-3) ab) Jgaal)

Box-Jenkins diagia Saltl) Baga il piga
~2175268.,25 Bias proportion (ME)
1,06E+14 MSE
10324960.6 RMSE
8192491,54 MAE
0,05294623 MAPE

Laldl shae) (1o i el

imgie Galo ezl sl s ules 8 Alddly oMol Jpaal) il DA (b afle
feb Lo oy S S
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imgie Gubi ade Jsanl) (Ko @3 S Uadl) dasgie dad e Capaill dal e -
8192491,54 4iad cul silly (MAE) Glhaall Uadll lasie jise lumy asii 3 (S
Sdses MSE  jise Jie lefie Uaall 4L aill Lmgall all AP < SNy mand g

Caaill e Yy ddllaal) dalll e saldicY aaly Mag Lagia Ji 410 SI RMSE

aie s e Mg Leadl V) sl A8y e oSal) b gladl) Uadll langie pdge dglled a2y —

3¢l Jiall (e A ol Bpia elbdl axd 3iSia (S5 dungie CilS 13 L el o 5yl
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ﬁ*!;ﬁ-‘@. Welcome to Neural Network Start

Learn how to sohe problems with neural networks.

Getting Started Wizards | Mare Information [
l Each of these wizards helps you solve a different kind of problem. The last panel of each

wizard generates a MATLAR script for solving the same or similar problems. Example datasets
: are provided if you do not have data of your own.
|
| Input-output and curve fitting. & Fitting Tool (nftool)
| Pattern recognition and classification. [ &2 Pattern Recognition Toal ] (nprtool)
|
| Clustering. [ & Clustering Tool ] (nctool)

Oynamic Time series. ’ & Time Series Tool ] (ntstool)

MATLAB R2013a geeliy Ao alaic YU Laldl o/ (o 2 jtaall

t bl Aallee dlaje >

Aeall COAAS AleSl Aalall DY el Aol Alulull aoaty Wd adl b L
Ol ALl s3a (e dpalall 4@l o slaeVU 1y Ll Al adlly sl & cayiy dguanl)
[Nonlinear Auto-Regressive  aall ye I sV 50 JKE e any JSEU 12a
) gl aab Al dluludls Julls (NAR)]
Y() =f(Y(t-1)y cevevnrnnnnnne , Y(t-d))

rellh ey Jlsall JSAS
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4\ Meural Network Time Series Tool (ntstool) -e - . LI_IQ

ﬁ g 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 () Nonlinear Autoregressive with External (Exogenous) Input (MARX)
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 xt \—?__.—J ¥t = fixt-1),.xt-d),
might want to predict the future value of a stock, bond or other financial yit-1)...y(t-d))
instrument. An engineer might want to predict the impending failure of a
jet engine.

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

@ HNonlinear Autoregressive (NARE

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 - LI yit) = fly(t-1)..yit-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 [Next]. ) 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 Note: MARX solutions are more accurate than this solution.
Only use this solution if past values of y(t) will not be available when

deployed.
x(t) 1_4;'4 iﬂ yit) = Fx(t-1),...x(t-d))

$ To continue, dick [Next].

& Neural Network Start M4 Welcome ®back | [ @ Net | [ @ Cancel |

MATLAB R2013a geeliy Ao alaic YU Lialdl e/ (o 2 jtaall

rlilud) Jias dlaye >

O Lty saalie 48 lasae illy duhall Jae cililal) poent s Alayal) o3a 3

pludl DB ) cBlasal a2 Cua MATLAB R2013a galiy e slaie¥U Jlsde

el JSEN 8 daimsa (ppalas)

244



Rnaia glisaly 832uas gl 0 lysalll OILIL clfagaly ppasll AL Junall /
Rl Wl kgl 12 ally 33250 (adagy
JLEAY g giasl) @lily :(7-3) a8, Jedd)

-\ Neural Network Time Serics Tool (ntstool)

-
i &

Validation 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:

@ Training: 70% 34 target timesteps || W0 Training:
r . These are presented to the network during training, and the network is
W@ validation: A S%0 | VEESINSED || e e s
W Testing: 15% -~ 7 target timesteps
W Validation:

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

W Testing:

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

Restore Defaults

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

[ & Meural Networkcstart | [ K Welcome |

[ @ Back |[ = Nea |

MATLAB R2013a geeliy Ao alaic YU Lialdf e/ (o 2 jtaall
Gilegane DB ) DA i & 4l oy oDlel JC) 8 Al mll) DA e

Pl LS daim ga Al

34 Jalay L ol apaill clalid) (o %70 Gapadd & dua tcuyll degeane (1

¢3aalia

Glalie 7 @l @halidl ge %15 Ganads & a4l s lag oSl degeas (2
¢daana 403 QT e (9aanll

LU laalie 7 ol claaliad) (e %15 aaad 23 ol 1 LAY degena (3
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4\ Meural Network Time Series Toal (ntstool)

— L=
- . ~
JAL Network Architecture
=2 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.

Mumber of Hidden Neurons: 10

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 to supply the

Problem definition: yit) = Fly(t-1),..,y(t-d)) network with correct feedback inputs even as we train it to produce the
correct feedback cutputs.

Mumber of delays d: 2

After training, the network may be converted to closed loep form, erany
other form, that the application requires.

Restore Defaults

Neural Network

Hidden Layer with Delays Output Layer |

t - 0
s, 1Sk ﬁ
1

g

10 1

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

[ & Neural Network Start ] [ 144 Welcome ] [ 4@ Back ]| & Next | [ @ Cancel ]

MATLAB R20138 galiy (o olaic YL Ziald) shse/ yo ; jsucrall

DA di g A0 Ly Alaye

Jalrs 230n3 1385 alama g alaill Sipjle sl apaaiy cappaill dilee i 3paat Alapall 28 8 Sy

Sl ) e 8 gt 38y gy AN Adlll A zlAdul s il

228 sy olgiy Aa s AL Aflacan (sae Lid) Lo pid danl ) LAY Alse Ll (Gaiasl)
fok Lo Alaal)

Tovigial dad Ji1 (38a5 ) Cilismand) Gar (1sY) Ao gana Slag) Al aallig iz dgail) e
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MATLAB zaliy & I

saley Al ellia adl LS ¢yl ae Sl 5)08 G (e ASEN LA 2y G sl
) Jgasl) Sar tak ape i (3 Jaf (e il

MATLAB zeliy B (e llads el dlee gy Jlsall 20
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-_ Meural Metwork Tra

Mewural Network

ST IR

Algorithms

1 Data Division: Randormn (dividerand)

. Training: Levenberg-Marquardt (trainlm)]
Performance: Mean Squared Error  (mise)
Derivative: Default (defaultderiv)
Progress

: Epoch: o [I 21 iterations | 1000
Time: | 0:00:00 | i
Performance: 103 000808 ] 000
Gradient: 163 [ O00BST | 1.00e-07
Mu: 0.00100 | 1.00e-05 | 1.00e+10 |
Validation Checks: 0 | 6 N3 f

MATLAB R20138 galiy (o olaic YL Zialdl shse) yo ; jsucrall
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4\ Neural Network Time Series Tool (ntstool) E‘_&J

Train Network
Train the network to fit the inputs and targets.

Train Network Results I
Train using Levenberg-Marquardt backpropagation.  (trainlm) & Target Values MSE R

w Training: 34 3.79839e-3 9.40406e-1

a Validation: 7 1.21434e-2 9.26573e-1

w Testing: 7 2.01872e-2 6.23943e-1
Training automatically stops when generalization stops improving, as [ Plot Error Histogram ] [ Plot Response ]

indicated by an increase in the mean square error of the validation

samples, Plot Error Autocorrelation

Notes
%y Training multiple times will generate different results due Mean Squared Error is the average squared difference
to different initial conditions and sampling. between cutputs and targets. Lower values are better. Zero

Means no errer.
Regression R Values measure the correlation between

outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

$ Open a plot, retrain, or dick [Next] to continue.

l &¢ Meural Mebwork Start ] l |44 Welcome ] [ 4@ Back ” B Mext I [ @Canr_el ]

MATLAB R20138 galiy (o olaic YL Ziald) shse/ (yo ; jsucrall

oSt aalgll e caygil LS Cua clajaly calaal) o A as8 Ll Y1 Jalee usdy
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B Error Histogram (ploterrhist)

File Edit View Insert Tools Desktop Window Help -

Error Histogram with 20 Bins
LB —

Instances

MATLAB R2013& geliy e olaie Vi Ealll e/ jyo 2 jucaal
il clad¥) S LN A sy asi lgde Juasiadl il e, Sl

sl JS3 e Jeanid MATLAB maliy

$ AN (A Bl ) Al :(12-3) by gl

B
ErrorAutcrcorreIation{ploherrcmr) | e
File Edit View Inset Tools Desktop Window Help o
%107 Autocorrelation of Error 1
T T T T T T T I
8 I Correlations
Zero Correlation
------- Confidence Limit
6_ —
c 4+ -
2
ks
[
g 2 e 5ttt
: I I
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L
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4\ Neural Network Time Series Tool (ntstool)

—

NN
e— e 'y
Evaluate Network
Optionally test network on more data, then decide if network performance is good enough.
Iterate for improved performance Optionally perform additonal tests
Try training again if a first try did not generate good results *e ez .quantiteorgamse o E
or you require marginal improvement. Time step: @ [III} Cell column ) [ui] matrix column (@) [=] matrix row

‘(-h Train Again
g

Targets 'quantiteorganise’ is a 1:48 cell array of 1xl matrices, representing
dynamic data: 48 timesteps of 1 element.

Increase network size if retraining did not help,

T Adjust Network Size

MSE 756224e-3
R 893195¢-1
Not working? You may need to use a larger data set.

[ Plot Error Histogram ] [ Plot Response ]

i% Import Larger Data Set

[ Plot Error Autocorrelation ]

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

| e Neural Network Start | [ 14 Welcome ]

[ @Back |[ ®Net | [ @ Concel |

MATLAB R2013a zeliy e laie YL Lialll Soc/ Sya 2 jtuaal]
And Aad a5 0.8931 o Lo Calaally cila ) o A 38 o Alell ol ek
iad 25 0.00756 (sl £Uadl) Cilayye §sana O LS lagan ABMall 348 (St aalgll e laa

Gl A8 o Ly G b3 o alieYU andiuall il Baga (Sl aa Byiea

Al g (14-3) &8, Jally sanll iala
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320,000,000

280,000,000

240,000,000

200,000,000

160,000,000

120,000,000

80,000,000

5 10 15 20 25 30 35 40 45

| — output (predict) —— elec consom |

Eviews 8 moliy Ao slaic YU Laldl s/ o 2 jsasll
5y Ay ALl all  Slas (s ddl) Lo Lol all o gy oDlel JSaI DA e
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