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Study of time series forecasting

techniques

Abstract

Time series forecasting means predicting future value over a period
of time. It entails developing models based on previous data and
applying them to make observations and guide future strategic
decisions. Many forecasting problems include a time element, and
therefore require extrapolation of time series data. Given its great
importance, time series forecasting methods have varied, including
traditional statistical methods, including deep learning. In this
research, the number of incoming calls to the station exchange was
predicted using time series, in order to A combination of traditional
statistical algorithms and deep learning was used, namely Auto
Regressive Integrated Moving Average, Exponential Smoothing,
Recurrent Neural Network, and Profet, and then comparing the
results obtained by each algorithm separately, using the Mean
Squared Error standard. Experiments were also conducted.
Independently, to determine the effect of the depth of recursive
neural networks (RNN) on predicting the number of incoming calls
to the station exchange. The results proved that the ARIMA
algorithm was the best, with an MSE error of 33346.7, superior to
all algorithms used in this research, including the RNN-LSTM
network.

Keywords: time series, service sectors, station divider, ARIMA,
RNN, Prophet, ES
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Jfusrflocal/lib/python3.1e/dist-packages/statsmodels/base/model.py:€07: convergencewarning: Maximum Likelihood eptimization £
ailed to converge. Check mle_retvals
warnings.warn("Maximum Likelihood cptimization failed to "

Jfusr/local/lib/python3.18/dist-packages/statsmodels/base/model.py:687: ConvergenceWarning: Maximum Likelihood optimization f
ailed to converge. Check mle_retvals
warnings.warn({"Maximum Likelihood optimization failed to
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4 gil":ﬁ T48.101704 1186536644 2827975368 T4B.101704 T4B.101704 25548050 25548090 25.548
yhat 23 J<i

137



Aia 3 Sl gaiil) LS A o

ExponentialSmoothing uki 4325 e

ExponentialSmoothing alaaiul ciljia)l 3 Jeaall s

prophet &3 s ¢l dasiivuall < yio JLull 3 Jgan

Kiod bl

False damped_trend
Add Seasonal

7 seasonal_periods
None Trend

1489604.3521516214 J Lsus MSE ()l

&N (e malgl) e ExponentialSmoothing alassnly sull 24 JRAN sy

Laai GLES) e 45)% axe s JeadY) JSAL 3l e z3saill 3,8 e 21

“ e
NEREN
<natplotlib. legend. Legend at @xTelb2f195518>
10000 - —— frain_set
test_set
=== predictions
8000
6000
4000
2000
0 TR
o 200 400 B0 800 1000 1200 1400

ExponentialSmoothing 24 J<:

138



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cacy -

i) aaa) (e a pobeadl Jlas 2 2024 als 11 aal) 46 Alaal)

RNN LSTM g dafyll daill o

4 Jsially dadagal) o) Gig RNN LSTM zigai (bt o3

RNN LSTM z3sai el & yial )b 4 Js2n

ial el
5000 Epochs
2 Olahll dae

LSTM layer

Dense layer

¥l e adl - el I 4y jadl] L5 JSE
26 JSill maagy <1452942.19010795 4yslue MSE culS 43yl 6la) aay
a0 o z3sail ela) o peazalll ey RNN LSTM iy sl 35

~— Initial Series
5000 A Target Series
=== Predictions
4000 =
3000 4
2000 4
A
!
1000 Hibe Lk
1A \
! “ " - BUU 24 I8 U UL JL L UL S
o -
0 20 40 60 80 100 120 140

RNN »iiuls 3iill 26 J<&

139




Aia 3 Sl gaiil) LS A o

o1l Aagi Cpent Aglae 8 4 )lls A8S sLall Ve 3 Ghreall alail) LianY 1k
sl RNN 305 Gee 5l Al 5 jludl dypail) 8 ddagedl RNN 4805
caadial) Gl de gens

(Aasd) RNN S0) il (g4 diuka 2Ll 3

LSTM layer

LSTM layer

Dense layer

Sl o _jadle dad) ) L paill Lhsia 27 JS
oA Ak ALl dlee ey Ayl Aagl Ll Jaladd) 28 S maasy
(idapsdl RNN 4<035) dyynall

PM Series: Test Data and Simple RNN Predictions

=== |nitial Series
5000 Target Series
== = Predictions

2000 PI J
0 ‘,l;.‘ N ,‘~'|~,‘,‘|'4,I‘,"M‘,'|ﬁf,’u': Ly

0 20 40 60 80 100 120 140

(Alswd) RNN 4€5) L paill (5 31 dik 4iln) 28 JSi

140



uu;u\,uuﬂ\,mu\mmmuwtw Giayl) dzala dlaa

T

il el o psbaadl Juas 3 2024 ale 11 a3l 46 sl

J Lsbua MSE (&5 MSE (uld o5 dpatll 345 aayy
1594527.1472637097

(Aasd) RNN 3S08) dppaill (piila Zilal 3

LSTM layer

LSTM layer

LSTM layer

Dense layer

Callil) o sad) - dal 1y jaill Lhaie 29 S
dyaill il dalial Llee ey Ayatill dagil 3Ll Jalaiall 30 S8 gy
(Al RNN i)
PM Series: Test Data and Simple RNN Predictions

=== |nitial Series
5000 Target Series
== = Predictions

4000
3000
2000
1000 " I} ’|
‘ l
0 \y 1. ——— .
0o 20 80 100 120 140

(o] RNN A8u) Lopaill (ol dilia) 30 S

141



Aia 3 Sl gaiil) LS A o

Jlislas MSE (iS5 MSE (s & gyl i 2y
1994205.6288355323
drop 4da dilial ae (el RNN - 2K05) 4y jaill fyiidida d8lal >
cpdlioadd) rsdall uout

LSTM layer

LSTM layer

Drop Out layer

LSTM layer

Dense layer

&I e i) dxal &y il s 31 S
Al il ddlaal ddee ey Ayl dagil Jl) badd) 32 S8 mag
cOfilaall cpal) o drop out dda ddlial ae (Adassll RNN 2<03)

PM Series: Test Data and Simple RNN Predictions

=== |nitial Series

5000 Target Series
== = Predictions
4000
3000
2000
-
1) §
1000 /) | g 2
.
,{ lk,' b 1T T nhAn-t
o 4 & Nl L]

0 20 40 60 80 100 120 140

criilaal i)l cudrop out ik dils) xo (Ahud) RNN 4Sui) Loaill (pideh ddla) 32 JS4

142



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

T

i) aaa) (e a pobeadl Jlas 2 2024 als 11 aal) 46 Alaal)
JUsle MSE iS5 MSE (uld 5 dypall 345 ey
1640354.357107821

drop out (yiidila ddlal ae (daseal RNN - 4805) 44 jaill yiidila d8lal >

LSTM layer

LSTM layer

Drop Out layer

LSTM layer

Drop Out layer

Dense layer

ralid) o jiad] el I 4y paill 33 S5
RNN 4<.3) 4gjaill ppitila ddlal Adae 22y Aol Jaladall 34 (KA a gy
.drop out s Zdlal aa (dasdl)

PM Series: Test Data and Simple RNN Predictions

=== |nitial Series
5000 Target Series
== = Predictions

4000
3000
2000
."l
'\
1000
I 1a
G o0 onm com ©rm oom azeD ool KD wmAE EEEm |
0

0 20 40 60 80 100 120 140

Criliad ikl Gudrop out 4ék Al ae (Aawwd) RNN 4S8) 4 jaill piils dila) 34 J<E

143



Aia 3 Sl gaiil) LS A o

Uil MSE (1S, MSE (i o dupatll 345 auyg
1516813.5571740123

dropout jiiida g culis EDG ae RNN 305 5>

35 JRAIL age galeS Baaly Ak Adlal ae A4l djail) Al & @)

LSTM layer

LSTM layer

Drop Out layer

LSTM layer

Drop Out layer

LSTM layer

Dense layer

pbial) ¢ jadl deal W) 4 jaill 35 JS
Al 2w Aa 36 JSA) maag

PM Series: Test Data and Simple RNN Predictions

=== |nitial Series

5000 Target Series
== = Predictions
4000
3000
2000
'
1000 I | ]Il‘

ol o il el 1 ) i 36 S

144



A slaal) g ity g1 5 ASiSsal Apentih o stall Alualus Cad) dadla Al

i) aaa) (e a pobeadl Jlas 2 2024 als 11 aal) 46 Alaal)
JUsle MSE iS5 MSE (uld 5 dypall 345 ey
1691830.3419243356

dropout clida s i 4 e RNN <05 5>
Ayl lahise 37 IS gy

LSTM layer
LSTM layer

Drop Out layer
LSTM layer

Drop Out layer
LSTM layer

Drop Out layer

LSTM layer

Dense layer

SAgyaill aan Aagn 38 JRA) mas
PM Series: Test Data and Simple RNN Predictions

=== |nitial Series
5000 Target Series
== = Predictions

4000
3000
2000

n 78

1000 If‘ ane i

I}J 'bl“d MR
0 o~ T !
0 20 40 60 80 100 120 140

ol o iad) dmsl I 4oyl A5 38 JSG

145



Aia 3 Sl gaiil) LS A o

1462335.908047153 J Lslus MSE (S5 MSE (uld 5 dyaill 2 2y

o o Aol Albdly sl Aadh et ol Gl se 30k) ae o) Ja3l
e plill &3 Al Cplaal) cndl dua L Juadl 2 12Y) (S Bl drop out @il A8l
saamia RNN 4<ui (0 MSE  jles us (0 Juadl 4ol RNN a0 o

(S 5 il 3) il

Slaeyylsall I MSE 39 Jill ey

MSE
2000000
1500000
1000000
500000
0

ARIMA RNN ES
m MSE

Lll) - 3Laill (hs /e 39 K

RNN G alall Colall 281 Uasl) laie 40 JSAI gy cn

146



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

T

i) aaa) (e a pobeadl Jlas 2 2024 als 11 aal) 46 Alaal)
MSE
2500000
2000000

1500000
1000000
500000
0

¥l eoall U e el Gl e adl il e el Gaaladl s ) el 6 3all ald) 6 32l

m MSE

RNNAyLaBﬂ%ubwiM?juﬁﬂJu§4ou&j

Aldtia) cilallailly Aalad) .12
s Prophet 5 ES 5 ARIMA a5 Glu))led sae duhy &5 sl s

g Aandll ande 535l LAl aaal dpie3ll Judladly 5l Ja) e RNN
aes il e 3 33346.7 0)8 Uaiyy ol Juail ARIMA - 20 )lsa i
(Aal Bae 3al3) @lihall aae 3al) (e a2l e a3l RNN G dalal) oladll
Al CSaal) o Aliinal) Clallaill Zyaly L adgia ela) Jumdl dpa)slsall ass

. GRU Jw Li)sj ¢JL%Q1)L#‘

147



Aia 3 Sl gaiil) LS A o

<hlaidy) Jeaa 13.

ARIMA Auto Regressive Integrated Moving Average

ES Exponential Smoothing
RNN Recurrent Neural Network
GRU Gated Recurrent Unit
MSE Mean Squared Error
MLP Multi Layer Perceptron

MAPE Mean absolute percentage error

MAE Mean Absolute Error

LST™M Long Short Term Memory
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