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Summary

In this research, | examined the steps and stages of the seasonal Box Jenkins methodology
and artificial neural networks at the theoretical and applied level, to build the best model for
predicting the amounts of electricity consumed for medium- and low-pressure pressures. For
average consumption, the Box Jenkins methodology was adopted to build a standard predictor
model. After comparing a number of candidate models, the ideal model is
ARIMA(0,1,1)(1,1,0),, for passing various checks and diagnostics statistically well compared
to other models, making it good to predict and finding that predictive values follow the same
behaviour of the original chain.
For low consumption, the synthetic neural network methodology was applied, and the study
aimed to determine the effectiveness of neuronets and artificial intelligence algorithms in
building a mathematical model to be used in forecasting through a standard monthly data study
using Python programming, to produce a model using LSTM analysis, and the results also
pointed to the effectiveness and efficiency of the complex neural network in accurately
predicting low-pressure electricity consumption.

Keywords:
Prediction, time series, Box Jenkins, synthetic neural networks.
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sl dupnal olpgSl) @Dlgid cibily e S i) Grusgiall 3uls Jaadll 1
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Jaidal) oSl hgind Ao ki (uSe duagia (Gadad 10 Y] Eiaall
Ble 292022 ey Ale ) 2014 Lols (e 30lie 108 s MT lulal
A Joaall 8 miage 2 LS dujed il e

(MT) loaugiall Jaiall £lygSll (ggutd) lgind) :(1.2) o) Jsaa

2014 2015 2016 2017 2018 2019 2020 2021 2022

Sl | 13.354 | 16.724 | 18.462.| 19.627 | 18.443 | 20.045 | 19.120 | 18.489 | 19.400

Srad | 12.193 | 15.168 | 17.209 | 17.386 | 17.760 | 18.500 | 17.551 | 16.353 | 16.297

owle | 12.876 | 15.530 | 17.387 | 16.983 | 17.905 | 19.698 | 18.139 | 17.663 | 19. 241

Joyd | 11.340 | 14.234 | 16.014 | 16.707 | 17.002 | 17.578 | 15.196 | 15.392 | 14.101

sl 10.863 | 13.443 | 15.969 | 15.657 | 17.164 | 18.214 | 16.438 | 16.364 | 16.075

Olg=> | 10.083 | 14.041 | 15.420 | 15.771 | 15.790 | 18.041 | 15.621 | 17.762 | 18.355

4dig> | 15.036 | 15.450 | 16.581 | 17.005 | 18.119 | 19.268 | 16.770 | 16.486 | 18.761

=9f 13.702 | 16.552 | 16.824 | 16.738 | 17.335 | 18.699 | 17.976 | 17.411 | 19.499

Jswidw | 12,830 | 17.051 | 16.193 | 15.462 | 16.852 | 17.953 | 17.905 | 17.479 | 17.300

»9ST | 13.032 | 16.342 | 16.943 | 16.457 | 17.104 | 16.573 | 17.501 | 15.627 | 17.235

sedgs | 13.796 | 17.200 | 18.303 | 18.499 | 18.545 | 19.149 | 17.974 | 17.679 | 17.148

Jwwdd | 16.061 | 18.484 | 19.163 | 20.304 | 20.059 | 21.036 | 18.219 | 18.861 | 19.068
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otal) dudas plasly

MT dleadeall cbaat) Julad jLas) ailis £(3.2) ad) Joan

Valeur
Source des | Somme des | Degré de | Moyenne des
F Probabilité critique
variations carrés liberté carrés
pour F
Lignes |231,319545 8 28,9149431 | 40,2702971 | 5,7257E-25 |2,05637261
Colonnes |103,191498 10 10,3191498 | 14,3716427 | 3,3384E-14 |1,95122032
Erreur |57,4417278 80 0,7180216
Total 391,95277 98
-excel maliyy At cllall Hlas) (e 2 jiaall
F., = 40.27 > B o ivoees = 2.05 olagl) A5yl an gl
Fear =1437 > F, _ v, oo = 1.95 e\.ad\ slaty) A0 2a g
L)) Al liSia 382
Aobud)l iyl Goamsal) g ally Lalall g i) aladial ashi sice Ablud) Jaal
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: JIS eeilial) i<y ADF

Teste t—stat p—value

ADF -3.5624 0.03984

R lasy) malindl Lo slaeYl cllall Slail (e 2 uaal)
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Dlginly 5l Liawgall Box and Jenking dusgie dalye Gubiy agiive oY)
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¢(P) () ¢«(P) Lsarlls digyadlly SMA Loswssall A<l clagiall 435 SAR
iaall 7 3lail) pan iy Lad el #3505 Juadl gl ¢ Sl e (Q)
SIS 23l izl i<y SARIMA(p,,q)(P,D,Q) [12]

dadyall SARIMA zilai ¢y Aijlia :(5.2) by Jsoa

ARINACZ. 1. 2MW1.1,1)312] et
ARINALD, 1 0WO., 1,0312] . BOG6. 1864
ARIMNALA 1 01, 1,0)312] - TS . TE30
AFRRINAACO. 1O, 1,1 3[12] . 269. 3035
ARINACD, .1 WO, 1, 0312] . Z2ae1.914

ARINACO. T 11,1, 13[12] - Z270. 9884
ARIMNMALO, 11 WO, 1, 2)312] - Z271.2023
ARINACD. 1131, 1, 0)312] . 269. 0597
ARINACGD, 12,1, 0)312] - 2711339
AFRRINACO. 1 W2 1,1 3[12] : 2T2.705

ARINACD, T 01,1, 0¥12] . 289 94249
ARINAAC 11311, 0312] . 2706608
ARIMNMALGO, 1 . 2W1,1,0312] - Z2FO. TS5

AFRRINAC 1. 2W1.1,0312] : 2T2.8337
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o Aadipall Z 3kl (e JeadY) z3saill G (5.2) Jsandl (e LoD
Auto ARIMA Zagic cuea élliy SARIMA(0,1,1)(1,1,0)15 z3sad)
8 LS Jad¥) 7 3pail ddlian) julaal) cuilSy ¢ i) dlee 8 daddionall

;S Joaal) 8 s
i) 7 dgaill Lslasy) julaal) 1(6.2) ad; Jsin

BIC AlCc AIC 3 salll

276.46 269.06 268.8 | SARIMA(0,1,1)(1,1,0)4,

R daaen AtV alllall Sladl (e 3 jaal)

ol WS sl & SARIMA(0,1,1)(1,1,0) 15 z3seil plasind oK @l
tJganll (b Aie 7 3gaill 138 allae ol i
z5&al SARIMA(0,1,1)(1,1,0) 5 gisell allea ciyadi (7.2) ad) Jaa

-

p.value t.value SE Estimate dalzall

1.064e-09 | -6.0996 0.0941 -0.5738 Mal

2.895e-05| -4.1816 0.1039 -0.4347 Sarl

R dane ) AlaiuVL lllall Jlad) (e 1 i)

Ja Lea «%5 (e il alladdl sl ALl povalue dad o Galad) Jeandl e cpi
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bl Alabe jLaals liad (gaels lagg s Al e 538 dnaal) KA (<5 ST
e e lgple Juania gaddial bl oljeSl oDl saalin 192 (e d35Sa doyed
.2bt1.li d}.l;j\ ‘f 2\;.;4‘940 ‘._?.Aj cz\:m.dh cb‘)@ﬁ\ @‘293

BT (addiall hidal) ¢lygsl (5,gil) ddgind) :(8.2) ad) Jsaa

- £ r

G | @b | pube | Bl | gl | ol | Llga | gl | naisa | S | aads | secw

- -

2007 | 24.95 | 21.47 | 19.45 | 23.25 | 19.05 | 18.53 | 22.98 21 18.89 25.1 22.1 20.51

2008 | 2578 | 22.69 | 21.24 | 25.3 | 21.33 | 19.25 | 24.96 | 22.85 | 21.37 | 28.12 | 24.79 | 22.27

2009 29 24.79 | 22.19 | 26.57 | 22.09 | 20.64 | 27.77 | 26.71 | 25.68 | 30.71 | 26.33 | 23.14

2010 | 29.36 | 25.68 | 23.49 | 29.86 | 24.22 | 22.28 | 29.68 | 27.95 | 27.35 | 33.09 | 28.11 | 24.65

2011 | 33.09 | 27.77 | 25.48 | 32.58 | 26.44 | 24.32 | 33.01 | 30.15 | 30.85 | 36.86 | 31.71 26

2012 | 34.78 | 30.38 | 28.35 | 35.84 | 28.9 | 26.79 | 37.46 | 38.27 | 35.25 | 44.01 33.9 28.29

2013 | 37.95 | 33.26 | 29.79 | 39.42 | 31.63 | 27.36 | 38.3 | 39.71 | 35.46 | 46.84 | 35.2 30.26

2014 | 40.84 | 35.51 | 31.46 | 42.02 | 35.15 | 30.29 | 42.74 | 41.96 | 37.56 | 52.29 | 40.1 32.65

2015 | 4592 | 38.77 | 34.28 | 45.15 | 37.22 | 31.62 | 50.25 | 48.75 | 43.72 | 55.35 | 41.94 | 35.08

2016 | 46.37 | 39.89 | 37.07 | 47.93 | 38.36 | 35.61 | 53.65 | 45.65 | 40.26 | 55.35 | 42.2 33.98

2017 | 49.84 | 41.93 | 34.33 | 46.93 | 39.39 | 35.96 | 62.69 | 60.2 | 44.85 | 56.73 | 40.69 35.7

2018 | 52.76 | 44.43 | 35.87 | 48.45 | 40.22 | 34.2 | 53.41 51 43.06 | 59.44 | 44.46 | 36.98

2019 | 53.19 | 44.68 | 36.9 | 48.22 | 41.29 | 37.49 | 61.76 | 60.36 | 47.9 | 62.58 | 44.38 | 37.44

2020 52.7 | 42.97 | 34.86 | 48.03 | 46.06 | 34.71 | 51.46 | 49.57 | 48.48 | 64.84 | 51.75 | 40.38

2021 45.3 | 42.35 | 38.56 | 47.32 | 44.39 | 41.95 | 63.08 | 60.62 | 52.27 | 66.53 | 49.76 | 41.95

2022 | 46.56 | 40.65 | 40.86 | 48.14 | 40.42 | 47.12 | 69.53 | 66.45 | 62.59 | 62.14 | 50.61 48.05

clglina 12l (el Hlally oLygSl a)sh 4 paa 1 juaal)

Al a5 oLl 5 At Ailie 1210 (35 (e e (ot cilily 2
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SN Lgaal (g cdiine a2V aadndd Al gl 8 A€l sl (e dall aa g
AT oY
Al illeally ligiaall Laed Jigh cAalall docgall Lowlad 4550 o :NUMPpY
importnumpy asnp ¥} DA (e 4Kl sledinly a0
‘Léj;\lé.-'\j Python et-k-\ ‘f z\:d’.d\ QL\\:\.\&\ E\AJLLA Z\.AMAILA 2\_\:\5.40 ‘;Q) :Pandas 0:0
Aa)l) Jedball (558 aca aly LSl bl dallaal G aniiod

.import pandas as pd : <Y DA (e LKl sle iy o5k

&b—ﬁ poan g e g 1) Cilidia LAY aadiad (lilll a1 4384 (4 9 :Matplotlib
claladally ¢ Slall ac)ll O

import matplotlib.pyplot as plt : ¥ A e Lol ele Sinly o588
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C'U’“'“ M\g c,\...u.ﬁ.l
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Epoach 1521

o 5eSl iy 5uiill A datll Ayl

sl quyai il 1(7.2) a8, Jd)

S Jadl

L2E,A128 - 35 - loss: S8.864l - IsSepoch - 24dms/sSstep
Epa>ch 2721

126128 - @s - loss: a.83Z2F - IFEmsJSepoch - EZms  step
Epoa>ch 3721

126,128 - @s - loss: 8.825%1 - IF3agmssSepoch - Zms step
Epoa>ch 4721

126128 - @s - loss: 8.8237 - IfdamsJsSepoch - Zms  step
Epoch S/021

1265126 - Bs - loss: 2.8238 - 4d483msSepoch - d4ms fstep
Epoch &021

1268 /126 - Bs - loss: B.8234 - Zaom=sJSepoch - Zms fstep
Epoch 7T/021

126126 - B8s - loss: 8.8238E - Z27mssSepoch - Zeasfstep
Epoch S/721

126,128 - @s - loss: 8,826 - Z2ZamsJSepoch - Zms step
Epoch =021

L2E,128 - @s - loss: @.8211 - Z23m=sJJSepoch - Zms step
Epocch 18021

126,128 - @s - loss: 8.828% - IZ23gmsJSepoch - Zms step
Epach 11721

126,128 - @s - loss: 8.8284 - lamsJSepoch - Zms step
Epach 1Z721

126,128 - @s - loss: 8.8283 - 2I12m=sJSepoch - Zmsfstep
Ep>ch 13721

L2ES128 - @s - loss: @8.8281 - ZX11imsJSepoch - Zms step
Epoch 14521

126,128 - @s - loss: @8.81%E - Z2I13msJSepoch - Zms step
Epocch 15521

126126 - &8s - loss: 8.8197F - Z33msSepoch - Zms fstep
Epocch 16021

1268126 - Bs - loss: B3.8197F7 - X1sm=sJSepoch - Zms fstep
Epoch 17521

126 /126 - B8s - loss: 82.8195 - Zl19msSepoch - Zesfstep
Epoch 1E/21

126126 - @s - loss: B3.8195 - ZilsmsJSepoch - Zeasfstep
Epoach 19721

126,128 - @s - loss: 8.819%3F - Z2220ms=sJSepoch - Zmsfstep
Epoch 28021

126,128 - @s - loss: 8.819%3 - IZaégmsJSepoch - Zms/step
Epoach 215721

126,128 - @s - loss: @.819%3F - ZI1sSmsJSepoch - Zms step

ckeras.src.callbacks . History at 2x7fbaskIbagss -
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