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Doctoral dissertation title
Industrial production forecasting using machine learning models optimized with metaheuristics

Abstract

Limited availability and natural unsustainability of fossil fuel sources have leduoga in interest

in renewable energy sourcéfowever, efforts are required to fully integrate renewable energy into
distribution networksSince reliabilityis crucial for energy productiothe dependence of solar power
plants on weather conditions pese challenge to maintaining consistent product@nsequently,
accurate forecasting of photovoltaic production is essential for efficient grid management and energy
market participatiorMachine learning modekrea promising solution due to their atylto process

large datasets and capture complex patterns in data

This research deals with the application of metaheuristic optimization techniques to improve models
based on LSTM networks with and without attention for predicphgtovoltaic generationA
modified metaheuristic optimization method based on the particle swarm optimization algorithm is
proposed tomprovehyperparameter optimizatioSimulationswere conducted on reakorld data,

with comparative analysis with several wielown metaheustics A publicly available dataset
consisting of measurements from two power plants in ndisused In addition, a supplementary
dataset collected from a rooftop photovoltaic power plant at the IngiMlibailo Pupirdin Belgrade

was created and used

This research fita gap in the field, since, according to a literature review, lightweight LSTM models
are not sufficiently tested for the problem of photovoltaic generation forecastiegbest of the
produced models achieved nMSE values of én801812 t00.007662for the used dataset$his
demonstrates the significant potential of the proposed approach fewvaedlapplications The
applicability of the besperforming models waalsovalidated using TinyML

Keywords
Renewable energy, solanergy, forecasting, metaheuristics, particle swarm optimization, LSTM

Scientific field
Computer engineering and information technology

Scientific subfield
Artificial intelligence
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2008 0 71,39 1,10 27,05 0,45 0 0
2009 0 70,09 0,44 29,08 0,39 0 0
2010 0 65,67 0,87 3299 0,47 0 0
2011 0 74,40 1,30 2394 0,36 0 0
2012 0,03 71,50 1,30 26,92 0,24 0 0
2013 0,05 71,89 0,75 27,21 0,10 0 0
2014 0,06 64,97 0,68 34,12 0,15 0,03 0
2015 0,05 70,93 0,57 28,15 0,26 0,03 0
2016 0,08 69,24 0,97 29,28 0,33 0,03 0,08
2017 0,22 71,44 1,48 26,32 0,38 003 0,13
2018 0,27 66,86 1,60 30,44 0,40 0,03 0,40
2019 0,37 68,03 1,78 27,13 0,27 0,03 2,39
2020 0,50 69,72 1,34 25,69 0,13 0,03 2,58
2021 0,65 62,18 2,80 31,34 0,18 0,03 283
2022 0,64 65,70 4,98 26,04 0 0,03 261
2023 0,59 60,04 4,06 32,90 0 0,03 240
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0 Iz Is S2a@f48] d fls to O dzO dgO & tztd® L ©a| F dzif § 6 @ H dEASHEO as®Cj jdzj 3 © O
gL tc Oy dz@kndiZ¥eda o WEEsGWdEds ts dzO 1 GeiizS [(2BF § Stc j8 digj s H O
BOh d dzlp O 5 ©BSNE b §tsm jOdzi{ o 0 ©? iyl S Tk y djodal g of jiadcls 0 ¢ O
f 5B 5° @@z @& E) i | teidd Lzetsas) dzgfof | ©dstisH jd de jzdzdzdsdf y O °
@ j L zdfde@lsjdzsL O O.

v [49], § to | H dzis  zlipOLRE T O i listsd @O L ZGLETMSOS Ottsh dzts edstach i dzO
SVR-OC Odsj Is O dststHQ L] tsiff dat e etaef jctefiy Is e b2 B &5 7 IS todp@)p OB 18
Cttedh <jjddgis Is OO L dzd € gBj § v | H d deOhydis{ddpd w j dzpdzd

C tsdzt d M) kzdf Oz @ H dz 20y lg te GDodgm OfBte BiAs ° REISED 5% 2 Si5j ' M0 &
dz0 ° B W frpdals edgiscHdy dzts d3.
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md B e@NN-OF LSTM Oz Is t5 j dzd 1 j B 2 J503 d Iz § 15 to jfi] @ rze L agjj s s H j
BOh d dZ Y EE @ L b deistElsirO i Goe@s ? Is@Fyjdz& B B)@R Is | & to & dsit
¢ ts 6 fsstgg iy ls & to df SHCOEWE 196 dz0 f s Cdfs.

3.3 X Tte™

- <

V o AS H OdsjdL HfAHEEH

331 . "t

1 toj G dzjicHO@ deifisdintd dzOfd W €48 sO®Blg f, ¢ tizef dzQP o tzffsts d ¢ Ozv @ dz
8dz®@[.45 1 d Mg H ts dzts ol 2ts HO0tc OH HE%) f tc j H dAPpifits B 5° WP &S H Iz
dsgh d%ﬁ;g%%ci d teIsdelz] W d ¢ Wfosdflsjtddzj ts fH @ daff~ sdnff " @ § d3
-~ d B tc doHj .

5085 Olsj ¢ tf g ¢ iz jeOMdshO

SOjc@pP O ltes® t OHBBad

tcOH B9
] sBts? hdfids@ H O 27(54%) [3],[5],[6],[8], [11], [12], [18], [20], [21], [23],
BON d dzlpYpE O [24], [25], [27], [28], [30], [32], [37], [39], [40],

[41], [42], [43], [44], [45], [47], [49], [50]
[ J s d delg Q& P1 11(22%) [2], [9], [13], [19], [22], [26], [29], [33], [34],
BsHIY S Oyd O [35], [36]

1 sted "'tgOLidzd wd bes 10(20%) [1], [4], [7], [10], [16], [17], [31], [38], [46], [48]
BON d 2 UGz ¢ d

BjlssHO

RMC? b sd 16 msfzg Mt 2(4%)  [14], [15]

BON d ddEJs’ §

10
20% MYy

27 n
549 opeherse

11 Wckpyynso metoge
22% Koje Hucy MY

wf.45s Ols j ¢t ted ‘¢ jzjtaOidsh O

[ €@s | ¢ BB ol dc OH H22%) S 5 'Cs to d G5 b sBA" d dzfipCyus dB @ L
BsH ¥ d C(OUME HPte d d3j ¢ g, tf He@ dzdfnutizB Y tc j datfdsg [33] d [35], © dzd
sOCto @H e itz o " SZjlsd&fOls j c s @K s k&S o d3Rd § joj H dzt=ladjSAEE o O
i3S H d W d ) Usdyf HE)L dsdHs P dzdf” j'. D 9Ol s i Ols j e s fof jsdylsd L OF 2
5B B? hdd® @ k2 dz® y o citfj 1€ .tc BLS ? gL B b5 2O L w28 F dzjthits jOH 5 adftd Qfvi]
420 ¢ dzCsiEdazOfHIH O ISt O] d3q LRARd)  tdaf O to @ KshdsoBtistors s o fig ts ds H
BOh d dZg Y E O Odzdzd] § Stedh K § 1z ¢ dzts IAAENBE] S s dzO 1 5 didiy§ jf &GO .

U] XK@ | ¢is@HEMgOH ©0%)S s 6 & daf@&'te "L jzd g s R O
BON d defg Sup &3 "' & Mt b ddedz ] Is s HCARIA O " d dA G JsUJ& Ols j e sted *
MOH BHOMEO H € 65 Jf 6 to i3 Js Ha@jO o dzfs § 15 1) dzii@zfc OH & 65 2 ¢ &ZOh 0o O
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 d Hoggds iz lf ste | f@ el deodif detso J toj ff JTidsHOS o @O tdpdiz@ 2
sfls OWElsh) ¢ st6d ° OBO.

l Gol§tcf Ols j ¢ BB iz f4kts OH K36B) C 5 Cos to  BBN d dzlin € fs Wz

tc OL dzddg@ s O L das[ ) Bis O HAD) 2 sydzj OS] ¢, € tsdf dbcff i3 ¢ & I
dme? g s ¢ ©dz@ fPO " d dang J59( m.8e O 2@ 5 t6 § BA" dzdaing s

Wod L d u§idists W @A @20 dzd - dfte @dfka N d dzin O S EWC] L d wif dsAdH, @8] d

[38], Odzdf tsh lds=xftc O H P tEte d ff lsRO " o dzlg Y 1, O o j Hijdzdf to j Is A 5 H dad d
C Olsj ¢ tstrdns@®RA .f)s B a6 Is & A@ifEsCdlz ) dnEEBRh  deEis t 3 te j

H G L tsdze | dzy dosjdisCdsife ¢ o dzO dzdf «f ts of @RS, ISdzjj ¢ GHSABJ dzOLdds dzj
ftoj Ho B EZO xRy @ fEPHNS Is B o 5 2 dflc@i§Oaits iy ks P tzgz® O .

Vs dMOdeMd W df @udd iy O] dzd SimHOEz] Ols O §) Gxts ez® diq <f y d ;
Isdff ieedzO L P2 Ol D & P ¢ dzj 18 Otz afefoBQ Hnjtfofs M) j BB K kM Is s

f 5 H OuiglZjd3 ] to difud jtsidy op' teQ "N ts B d W detiz 1 QY iz’ Qg dad3eb H Jj dzd
RO d dzZ YFEE®C 6d MNPEB e W ds | ¢ dzjsHely Is g @S B tedf® Y  dzm € s 6
Euj §9dL d WjdssH@Bts £ jHdsd SH O GfHdy thtenigd Gddl d206 ot
NWP[7].v e O s yip®) ik O dzts aigP™ Isf @zip & 5 WOPY tc j H ) H)OatgsH Ols €
U Jif sH OtsE ¢ ydasz xiz) Ciplf ts° paigls B ts ts\fjteiy d NWPO Alse d&zQC Iz 0
d te j dzj oLOfixsdOdg Wj teE3OR d dzig U & @ L d udjdlslys HOIB® t @ e d dzts
BB IstLH i toj H dztsxaijdzdi B 3@y P otz ¢ dgOdgisL tc O Yz dz® &5 @ Bz dgO
L OMdzts az®adfd A y d -

z st jls d WismdzjHOI§J ¢ tiste @@ OHBA onjjh d L d udsHIsi3s H 1@ 0Ok d -

d fls tc OdgtizH jj dzqitetIS tg dzO §f tRtizhy MIRPOH t6 2 @ dph d te jYtdsjdate d(" QA ojts

d tc OH d OLOQUEIIsHS 15 dz0 szl § B dz@3dz® d © d WitstHn[ 180

3_3_21<toc"‘h‘o?eo '*h"'i"
v ¢19du[.46MEz &3 WY [S)EIO N d dzly O FEHCE dgj Isitf st ¢ dzts € @SB J M ls
Ef tcj ¢ dzj te Oulae aRLEzEOH € 5@ tf | H Q@ yJEHY ¢ dzO " QoHaGHAS t=drCzo | H j dzO
CHOdsEm] Is SHEE fiy Is @Bdzds WHejs 6 dets LCsdA © @Y s tel] @ & B glzidgd Mjlz
dzO0 o j hyjHdjzfglg tc G d@jHe@ drz jdz0 ¢ dzO M Pedfiizls sH Ak tc z f Btc j "ojd hjj
d3d Is sla@O0 o dzts f 5 @ dlztips@fo | MiBR ( tstc | 03 ) sy Hojis ¢ dzts L mjcfeeOE oH dzj
d3j s Hz0p j M jzezg "SiH | H dzs BI©®O B JARHFHENN-LSTMEz 9 toh Isa Ols j e tsted * |
Al sH dW dd% =A@ dztc CCANRG ZA [ s H d W ddW BA] @ dztc I BTHG & - 5 HsAESS |
dzj € ts deOHE asO O ofif jizis U8 p df iz 5 OC L foGeds W § tolplsam ] d2b.
]Engfgi; dzlsqff] lSq@S@ HzEAPfdizO © G2fp@ R AEOH | ditsds] de® jdz@» j H J daj

B tc H .

1 O YfSsdeid h e i ® ¢ dzts | Cqddis @zt asdEfsCOA SOdss H d W d C s5o Odz
dazdc detcd tedgets j, “ jj Mblzc BtcOls ¢ ts tff OUe (§ §lzc dmng ShortTerm
Memoryi LSTM).u ts f O dasdid3 & d%o o d3it» d Hnlf s ) s RSIEM-fiHs@3j ditsted M §

H ¢ tsteis@alaf M, figlg o5 O O zdzff fifls Oc 2R H § v Pz P s B af fidg fBO
)] T@NBOM® tcj d3j dgif Gef{dg OO LIEM dzd A o J dZbdzdztkpc tsH Odz

L ®yofad Is iz Omafy teifidsdrO L fizg m O (AWM $Qfiz Is tote b | Mfitsle @&FHTM dzd * J
HitsoH tf 5B t5° "z@'HOzEADZ] H dzts ) IsZY s dOfiz Pz € o GH s ayPRP sMisd ¢ Ots
dz0 ° dzfstd jdL° 2 desi@ds gz tste § oz dedflo)Cf17]. 1 | te 5 9 DS wasisf Bz d Is d

dzj sHGE o Pt @Az B 51 Is pdsQ dadddsdnfs dtc f O to © Bifsfipa@fig Ar:tc ts dzm € J§
Bte § AITML On 4 jOO s B QY d 6lf OLOBR) SOLO.

t 4 ¢ Eto] delstdE@pdy@y d ‘(jOdds@ted RecurrentUnitT GRU), B Z H H<@f fzj h Is ts

4 H dzts i) 5fChipliisfliB @D 1§ O y Iz def@ndls Jsaild3OM-Q f ted U jQiplde 3° Qoo j

C o Odzd d3t$ ¥ 3O Is te @l do jlalzHiAl s dzlpHoe. (34 Is B HOJ Jwidodigij ¢ Iz to § dzls dzj
dzd Iz tc sAiiC¢RNN) 2 B | H ?df' & 1 2 deCadaifdfy dstifsic® ¢ dztsL e O°¢ O.
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5049 [ | ls Stgtze L d @%@ ¢ dzj e GO-ds{ads] G50

SOljetsps@Od 1 tois” tdWitej dayy
toj W Jjtejc
LSTM 10 [2],[9]. [10], [16], [17], [22], [34], [36], [39],
[48]
f sHdW dgddipfiz cd 18 [3], [11], [16], [20], [23], [24], [25], [28],
LSTM [32], [33], [39], [42], [45], [46], [47], [49],
[49], [50]
GRU 1 [46]
IGFteSuH dWdgdadda tcd 6 (8], [27], [28], [30], [41], [44]
L C I f 1dBh dztsde@MBliz 35 (28%)
DT 3 [4], [10], [17]
RF 7 [1], [4], [10], [17], [19], [38], [48]
IR;SHOIWOWGMZ@O&Btsdl [6]
GB 3 [4], [31], [38]
XGBoost 2 [4], [17]
| sHdWd{daphis tcd 2 (6], [23]
XGBoost
VS I f 1dBh dztsde@TiAdd  18(14,4%)
CNN 4 [26], [32], [46], [48]
’E:l\llsNH d¥ d qasddpfir tcd 9 (8], [11], [21], [28], [32], [41], [48], [49], [50]
ITCISNH d ¥ d ¢ ddedbdiaitc d 2 (5], [44]
,[GésNH d % d ¢ daz@pdiaftc d 3 [25], [37], [45]
L ¢ & f 1B detsde@ dzj  18(14,4%)
Ctsdzo sz yd © d
MLP 9 [1], [4], [10], [13], [16], [17], [18], [29], [38]
,IIWI_SPH d ¥ d ¢ ddedbdiaitc d 6 [7],[12], [18], [23], [25], [41]
L C I f 1dBh dztsde@dRilz 15 (12%)
SVR 7 (5,6%) [1], [4], [10], [31], [38], [48], [49]
LR 5 (4%) [1], [4], [10], [29], [38]
[ sHdWdS dapiated 3 [25], [33], [41]
Istc QdzM W tstc d3j to
[ sHdWdS dapiaited 2 [37], [39]
d dz¥% stc ] to
LS & § B detsdz®@ dzj 5 (4%)
St OdzMW stcdzj to Iz
kNN 1 [4]
,LNI?\IH dW¥d qdsddpfir tod 2 [7], [47]
L C I f 1IdBh dztsde@NiBjz 3 (2,4%)
{ Mls Qiigils §HJ 10(8%) [4], [6], [10], [16], [31], [39], [38], [40], [43],

[48]
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SO jCps@MOB Ittt tdWitj dyy
toj W jtojc

ARMA d¢ fzp Oted  Odz 3 [16], [31], [38]

{ s ®EOIsdMisdys 1 [7]

LS EiEsOls d misd yS 4(32%)

[ Odatd L d wisHnj dzO 3 [15], [18], [38]

{ OL dzdgs{Hsjofdzdfzts H Iz 1 [14]

[ 4 1sd ted3d dzdzty is gimtpq 1 [7]

fs0 j <OpOOJzilz

Ve WL d Yt J 5 (4%)

LSTM-y n GRU-y
28%

3acHoBaHe Ha MLP-y 3acHoBaHe Ha cTabnuma

129 oflyunBara
14,40%

Wi 46 [ j Is St s ¢ dzt i © P& @, s COm{ods] &30

[ olzalg Mis b defj Is SLHQ ) dzts @z@iplisj O B dis{Hisz y d & & B tsLtH@ M) dzts dz2® dzj
¢ s dzo tsdziz Iy @ Bsdz@zlz y d(p d@EDdxisionTreesi DT), dzO te ts fpdfidiz s © 2 dg dzc dz.
RandomForesti RF) d j € Mis toff tgdz® y @dc@H iJ (j jozzsKremeGradient Boosting

i XGBoos),f toj H s &O° P i &z 20 tedfigels e ® ¢ dzts I d o DjdxRd SjetsH d Yy J
tc @zd &) I tc s digfipq of B .5 Odizdf t6 tdaf[1h [10], d Is Hs.0 )taHERJ Is RAYO 2 I Oy dzj
ftotsc ditm1O] BBOT g | SOdg@izts '€ o O dzdff Isizf3© dElAs dzd Wtz @) CH@HZO

i toj H ddisj Isdfj |8 ticHsjs | dzd, @& Q Isdfintf st tEdc desL O O.

[ J s ttiHig s ¢ dzfs LL ORIz sae® dziize s dzf 15 &) § G tztize (s dzixizy) dralsjd £ 3 J
(CNN), H sB fgtef 5L daPlyf jo 5B digBAOAHAI] § @~ 0 O° stee J Y jAcOYyd " §
C s dzo s drfndts 4 i@ @y d §HP Yzcpdaling layers, Is © Cd3jj Is &[HEOB RS 2 < zB f Is
ft5° j H dfsths@RGQ H to > @D % JO sixiadj  defdis MQ B zts o LBE Z 5 0 Ol OF j
f tc s fls stc@pdd-M,dfsi@Gldgud MEBJ i34 L @ tzs ¢ dzOMmidztsde@nddgd € O RO .
Zls0o  tzj €Az ls Stexfic BB G &8 Is sHGs B & & oL @ jd ) dis gy i e j 1 dzd =
55 5 dzO f Jsdzin€ JROERA25].

dh j mdafs] daqj f(Is dzesdialtiLayer Perceptroni MLP), € ts ‘defj CQlz s =ig@fi d 9 O Iz
sis{ Ijztms; 1dA) dz® ts diggti) § ) @lzcFadly ConnectedNNT FCNN) d dzg Q§ tcj o d h J
sfh s pdets s Odgf Otc s digfig § HOdzc Artificial NNT ANN), f toj H fiylsHOte 2 Oz

O fstf dgP e tld[LEIM-Q OCipjz L &Rfs B L fif Bedsti) detsts Blaifd] ©j H dzels fyls d

J Is ©HZj § H dzts ) l@ipCiztEpls) 2 dzQ Ny Asdzjo dtis a1 | < dHdajz cojriz te s dzf € d =
o W@ o j ¢ dzj 18 Ouizd afgfscp@aisj Ots deqf @ 55 0N O H fs] J§ H dYctsudi; dzts
tso j i Getzj( jdafitOdsL dzO diil] drster JdiA] j ¢ St JsdDH s " 5 flzjs OH

o d "njozts | I5 @CARJJIs Had jipid y z €20ds¢ B tc dMLEZ]

{ Mis @3fjs 830, d el Y€ OMY 5° OolPoli <B teflystc An sy e pE sBL O
ts H tc Ifj CdgeSdpportVector Regressiofi SVR, 7 tc O H tsdeddz] @btg dz@ j(jindicLdiear
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Regressiofi LR, 5 tOH S&@ ) j L O M dzt dzOO0 dzi W 5@ dpjOsits g @) IssH O
k-dzO ° B dzff iy Tij JjHdErskedearestNeighborsi KNN, 3tc OHWYPI0d3j Is ifHe@ ¢ dzsL d .o OF
COof PO tc O Hzls o W j ¢ disjQCHE;AH BAOD j HjaRPIs j ¢ B fctfls @ dzj
B4 s 3OS d &z Y& OO .

4 dMOES ° Lt RO K& 6 te dfifis@ s d fpsidisugHijo O to ARNDAZIE) 2
ARIMA, SARIMA, SARIMAX d H te kzfg dzd Wislizls 5l §) &z §5daO H 1€ as@dz0 dzd L d 6 O °

WdL qdk 1S Hrejdz0 aREdEg L f WS H | 2O .

Vs0s10f ted S OEQ dz TS tf Ho®s ¢ dzts LS dstindf O L IRYISEBO © t5[12% Iz

f tod ¢ dzj te @iz adpfCaylztc O K bs te defndshtiiH § HABiedls 1zH jd iggds B L figf @edg ez O

(s @ sfis dadd® tRMSE s Ok ©j Is 5 ts ©dzBrdgds (s qdHOMEM O dsp ks H
0o j iyl Mejj H ®asQ 2@ dzOfly @ dsbdij |s s Q B fEA] dzts asdztial §

s B JoESH d W o O B Jjod H I Oy Hz0 dZtSTM, GRUJ s j h jL° @ dzs o O dzO
&0 ts dzo s diizByd W dPSZR B SO Wdzs M ls .

s 010 J Is Stfitg 5 ¢ dASE EiE o s o LNRMSE 2%

SOl jcecEEsMOd Jtots'j Witedt JWJted dzyyd

[ sHdWdqdadpia tcd8Tddd 5 [3], [11], [33], [42], [50]

[ sHdW dYdadpdsa tc dGRdzd 3 [8]. [30], [44]

L € Iz ] 1.04BM dztsde@ N}z 8 (42,11%)

1 O dztsde@)dz OB dijHdglelz yd @ O° C 1 (5,26%) [6]

CNN 1 [32]

[ sHdW dYqdadpisa tc ONNzd 4 [8]. [11], [21], [50]

[ sHdW dYdaipia o TeNzd 1 [44]

L € Iz 1dgBM dztsde@ teglzo s dzz yd ° d 6(31,58%)

MLP 1 (5,26%) [17]

[ sHdW d S sfad@dip tc dlsite@dzi ¥ t 1 (5,26%) [33]

{ Mls Aiglzjls w30 d defilpSyg e O 2 (10,53%) [6], [40]
3.3.3 ¢hmcth o e o xc & ™ 0% hx 'Q he omxt ™t ~ t ~
I tofystgj Ho dzf BF gtz ;mamm@;md@tqmcj G dzj tel @iz 3] B3O
flzn § Is § te d3d dzdff s uXBts] dzq g l§ 16 © I dafij dAEO) e to N &sd s OH § .

HJ 5§ tod3q dad figly i v ¢ Bs@F YD L jdz© Bifste’] H o d 'J GISAGIY S Ji rodgjd H dgts s d
z0 * Bifstd jj Is f ts ffist@jorCdyd] OBy Hodl®) H (th fig 1© H WEHO?) datste) dabslastHlz .
ftetsB OB d dzdf fiplg o v O B S 1L jdz© s iy Is t6 o B dz dz@dafigk@sdz B dalg £ fiy b ts
BHK] 5 jedeh diStns  Gpp OO PO M Y SoHjjEDd Osfdztiefits d3i d2mfsadgd ¢ 2

G 2 M ls ¢ aiA) dzls{(fizlsq  tapn@zizO

v My dzOte df ‘teipSetEizs | i jsOF dfstOtsadgtm g P j ) Istietizl€ jqdzy ‘26 dzdzd

d e "dHYyj dzOgESlsts§ tod ¢ Ozuv@ dits d3j 'Yt | ¢ dzj B @wiad afsfsdp@its * J

6 O HE&%) C 5 Ofiz0 dzd L ittt @ d dzff ks d U o LtOO @%) S 5 Sds o d fls d
My j dzO tetffts the dats | Il QQEOf |y f dz0ted B @ O H tse0@ 81’ Ojqlts j L &z dzls Ols j
Hjlsj tsdsd dzd ffy 16 6 o izts € d t2eQ ST ls @FdeO H 5 O@0) § o d d3j © fzO s
Hilsd te3d dfthtisefdgS s s O° § .

vo 1l ] eMBied Ho A" ) ' J tdzjsiis dilsfOudsjOc dz] te1 GoHis{adz] d30
ltomfst®j Hod' OF O ltceOHt OHtSO
ltcsB OB d dzff gl d a1 § S5O 4(8%) [15], [20], [21], [42]
8 Y J dzOtefdte jirkesd ' OF j  1(2%) [28]
4 Odpty Is § to d3d daffthdskfaud 45(90%) Motsfls O dzd
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334 “xgctho eo " "

) 6] 5@ 2 MoWIO Is f & s ¢ dftsa jJAF dzjicHO® datpshiiziC zOfd W d € B 0ts §f

f tod C Caw @At OH Ed]q[17]H Of B¢ dz2B | Qs 5 dzO fsdzipSEf 28]

q[38] B Odnjff tc s ¢ dzts OGS S OsdL . AD | H ddtals djdds @asdz@ j ¢ e OW M€ d
Bdzd ME B dzOf 5 defi) € & B O @O Hs@ ¢ 1©'dg0 dzd L foftaetO detsiitg * Jj H d dzO Y dz
j dzj € Istc@izfrd d45]H Of B¢ &8y jkzj ¢ d & dzj .

v 0u12: [ B 2z n of GdsiG fste JOG dzj te1 GbHizs[adz] d30
I BEZho Ol 1 tcOHt OHBSO

[ BHE® 2 (4%) [14], [17]
L@ Cls 2(4%) [25], [38]
ticdd 2(4%) [7], [45]

mJ njdeg) s 44(88%) fotgfls (

do iMls Odzd 44@OB O GI8YH.O dzO dzd L cfictas@’ ddPisj | H JoAESU@AIL . G
©j nidals © dzO f) i Clsas O SR H € asds J s Ods )z ) j Hi diaf I IsHE@D dz0
f 5B 7 Qdd dds 34,0 dzgd? gH O jj v OY'dd Dfelgits ¢ ezB® il O
" JH dVdEdsUsiAZO f] S lsiz] .

3.3.5 . 0 /\* ,c *o e‘? -~ t -~ -~

) @34 SimHs'jf daH O YyY @3Ss § ) O =g o3 dzd G cptOwds b 5T de@d U d dzO
fsHOERE @ d bplh O deds.850 dzf & & 1 fists HOO If & & Guts] Ldfef @zd fyts » &2 dzts
©j 6] L j diiskodstioomaty H 5o t5°BdzOdBON OdE | S & sod § sH O
L Or s » g Gjelztc RH QK sOf § @ d " <k ded & dzj te @roias| sizPdg @ WD A3 ts
335[1] H #) € siGEsd dzd 850 tc &5 ¢ & {fismHHOO §1O00 PEMPAEH e j " fFiLdgd O " < d
bt B L EHolz Riotense dBSiLEEd) §f to 5 ¢ 2B @ts H, Iz qzhjddlzj S lsde®ifaiz] € Is 6 O dzO
Jdadj ¢ | WADSUsOHOT B¢ dz®Ff §° Jj H J B i3 dedzD § jsdizin€ IHE Gded s d
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[ MisOdz 3 (12%) [33], [39], [40]
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tsHh GRU Bte j 5§ Is d d3q L' t5 oCCipiE@s Mipts O @z dgts ts H ) S [ fls@f. ds Bz
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d5) IS el ©s to | BL G jiis| Ft6 3 daff s of dziS thq 159 fiz, 18 O iz aisE
50127 dz@7.53.1 § W d dzcbiaj R QR izd B el{ Qs H j 221

5027 f jlsted ®j Is | e B] dztf BB d LW j ¢ dzj e COrogsfocs] 30

[JlstedC O 1t | OHBe ([
tcOH B9

RMSE(J 49 (98%) oty 3y

ftsojL Odzj
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Rl dfdzd wdzj 22(44%) [3].[6], [8],[10], [11], [14], [17], [22], [23], [24], [29], [30],
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(tejLbdksOd HsBd  j d2d[l8HB e OH B A § 5H O OGS

IS wdog daifE ¢ 4 8 16 32 64 128
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s§Isdid u tsak@dakE

10 BE®&GEH, dzj 1905% 1905% 1607% 1369% 1548% 1667%
s§Isd id u tsak@dsE
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tOH o d @S yd dalp ey Oc e OH dm dizgdzj Iz to ts dftp§ N deff tedztse d Myls d Y& d
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dzj € G @H s ofcegi@Bzj Mip d"tgH J HOE]s d o OWif deUad @ DL dzdlsidffstg o |

dzj Iz te 5 i et O L diz ya s dalz Isfidsigte § 31 @ to ) difis i dis . g o ©

d L dzO iidissdisfipdzts.’ @& %) ° &z U d giAdzcgdapou), Z 34 ~ O dzff O ¥3fafjls H Is; sy jO
SHCGo OleOH tfasd O oSO B dzifjz WA . {Oats j W j toliflctBupd] @&

AlzdeC W Op § dz®fmd W df§ xS @sdzdf 6 ec @ Lzfitf GO ldntds iz dzC ddhf Js O o ° § dad
dzd @‘tGJ%Uq’ dgf dzd Rectified Linear UnitT ReLU) d fjdzd y dedz Rz yid ¢ @O o dzts d3
O dzoh GQEGoROL ' b itk eSS REQE § | b SSd@ksls s O Jlz® k2 ¢ d
ftaf O [18], RelU (u). 24, * j H dzO®E) dE@ O fjtc j H I l@» °CAste d " < j dzd
G

Of

oo oo

IQ?F Islaf & @tpdJ 4 H dats ndsdRpVdg@lolatf@® O Iz dpfy - @ fipdsd® yofd3 D ;
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A RelUm@ izt j {j jde dakyRelLU u .25 ° | H dzQA7)iddGn € OReLUL @ 5L d Is d o dzj
z zQ€ 5 te d dG dfrd dzj QEOREG] @z ¢ Ols t§ B daifipigfste d i34 Egdztp * JLo@ RO
d 9° zud e ‘te]dd]
A softplusi € ts dzls d dalz o] D §izis j dzy d O Ote 5 VAgaPREAN df ‘SABS § & d to s H dats &
dzts ¢ O tedffj ISy 5 dzj déuzddzSQuoddz] |
A j S My tsdaj odapddzjCodgodas (elagBiponentialinearUniti ELU) T d i) & OReLU
L @sL d Isfda@Rits to dimdsfigtf s dzj déafdzSOpddiziA: Ols d o dzj
A dzd dzj O tgjdaQ] dgdoy Ok ) tsed tesjdd A jtsodss @aussian Error Linear Unit i GELU)
Tftod d3d Y OLinNE &Hz dzO W dzaabytd O figf sHsBdfjufdziz §f slstcj &2z? O9 O
Odzini Scdsh e ledds@® e W J Ao W &t GQ ddffrsO &) Me SO dgz dz ¢ g
d ¢ Omadts sUnd B3Oy d " tsd3

/\IZ C U 'tsd to Iz Y H 1 disflef el dzd g dzdf= XL @ 5L d SE{x@E)'j ] H dddXdgd
d daff 3O JzdzO Isdf @ ditgis | H dzisE@gisaf O lsxfdaCiizd -

5034 A 2 dzC OF s o @fytd ] § dzj e COozfeds] B30

U
Is o
JW

ANzdzCyd® O l cw'OHEt OHBe d

RelLU 10 [1],[213], [17], [18], [23], [28], [32], [37], [44], [50]
ReLlUmM@Qktj ¢ j &3 2 [44], [45]

softplus 2 [20], [42]

ELU 1 [8]

GELU 1 [39]

L ¢ E{RetU dmdzd y 16 (5517%)

Zsedmlsd ysc o0 7 [12], [13], [18], [29], [37], [42], [44]
tanh 3 [13],[18], [24]

tansig 1 [29]

L E Effigase di3s d H ¢ 11(37,93%)

softmax 2 (6,9%) [22], [45]

14% 10 RelU
AntepHaTuee 3a ReLU

MMMMMMMMMM

24%

w.57 A & dzC QF s o @fytdj ¢ dz, tel GDozmfack( d350

telze talzy dedpid ¢ d3ts¥f a atle  dte jJy dol tiatsts tdsj tadhdin ¢ d3tw dzviaeQ@lef © © 0
BON J AU 1D Y P B dzEREs ¢ o Mg A 2, § H dZO(@),dB0

d e d3ts 8 iz da§ fts 4" Isfp dgd ffigtiAn o § Iz dzC \fofs Ypetsd L S B o8 dzf € Iz

&0 s  dedfneE® O dzts ¢ d B o U © CRfdaS Ptz B dzg § Mzff. ¢ d fls d YC C
W dzS o de's@ L i sy ) [0Sl H 5C g L i dzC G o Y} to B tsdfagQhdizh
4f.23 ° j H 2O qaO BT dA. s O dz¢ j fafctzBis ¥ I dzD(tahsiddBO s j B3OS jf S d
J Codo Odfy deB ta@rindo dzd B thhef § y d W ffdgfdalr 3 daAstOMIdd i o "o O
MATLAB -z 0 [29], ¥ I dzC uafsig® ts te d fip iz s fobsts o f) B e ju dolzii ¢ Ols d o dzj
b dzO daff L z@LialgjH dzs fls d .

A Iz dzS ysgftmex v O lizZO | H dzO@5] dadh j H Ty IssQeol’tf @) j Bujts & j dzj 8O dzd L Oy
dzs 6 d i lsi i uodC §f " | d d3d ded 5B 5o d L & jedddislg{dzd WdEOez) ¢ d 03
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ts ¢ 5 dzdzts fiplsirf{ded tc Opitcz ¢ O O Bigz M Is \d&lp .O LSdatf HI o s ls O dzd ~
M & d3J dgbzisizk Aupditméx” gz dzls d o O tdidlz desdijsfoddpL d azPS |k &@jo@ O < O
04 Cbpwso Odsuiginoit) H dgs P zdL B dite p e | H dzfsiidstéffn g M ls ts
Mj¢ sted Pl q dzO ezl Iz tets dgln § JHjCdets te BO dzg § iz 2 gis@OBY SH j dziz
9 J teso Qs < |

3.3.17Lct*a*“*toh*

tdL®Pdge sted BB i3 f @Y d3) B ded £ dzj ta @rdas sz ¢ 135d dzO

4 [.58.5 OGS sEifls Ozt & dg | ¢ dzdzi & @1 & & EdEMEsd"sjH | H 2 ¢

s Is d d3d LGy s s @O0 H t asd O olPsO'e p dplffjlz W@, Ofip e ¥ j ol dzy d
IsOB J dBY. ¢ dzG s tc dzldsddB jededz § d fy B dish) dzd W detp fils D deff stc ZBYJ * J
O dz€ s te d s @ 53D o3 1S OO § dpdf € s diaPC 5 O il BE H | *255.2

v ¢35 § Isd di3d L Dt € dzj wOaztdsd SO
JilsddiiddL Ols st Il tctOHEt OHtSO
Adam 22(59,46%) [4], [5], [8], [13], [16], [17], [18], [20], [22],
[23], [25], [30], [32], [35], [36], [39], [41],
[42], [44], [45], [47], [50]

RMSProp 2(541%) [28],[35]

Nadam 1(2,7%) [34]
LevenbergMarquardt 4(10,81%) [1],[16],[42], [24]
LevenbergMarquardtin O 1(2,7%) [16]

1 0" | fdsjocdakgzOtcd L O

SGD 2(541%) [3],[25]

SGDfM® O | fpfdaWsidys § & 1(2,7%) [12]

JL2tej e dzOtedL Oy °

ACO®Rj sOR j ted Mis d ¢ 1(2,7%) [40]

[ Mls Odzts 3(811%)  [11],[29], [37]

= Adam

= Canurmn Adam-y
Levenberg-Marquardt
SGD

= MeTaxeypucTuka

= OcTano

.58 [ §Isd d3d L BAistdsjted{dz ] te1 GDHts{adz] d30

Az deH O d3j dRlss@izrdeds 6 Is d d3d LdR) Weds sidhidiPpi~@ to 5§ O ¢ Odg@L(j@ze dz.

backpropagationi d3j Is t5 i@ tc O Yz dz@ DO JY§ § difls @dr B fJsH GzeABl 3 d dzif € j

CdWdydsted GlZLiBJOH d "gijdeig] tc O daffu OBN@ @S 9 df it ts B deT B d =

‘ ﬁ J ¢ sy d @z @d3OEh | piffte 5§ O ORI Y 2o dip @ d dzi € §
JWdydodedizsfls Oote @H d Sjf dzlf 5 L O EEk sted DO Zted L O j
N dde g% dyd dJ deltizd s to di3@fytelts 00 ¢ Oy dH @fis tAginQ L° 2545.3
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dlstsn OMisdc®@HI| * f) flzlz Mipldlzc Brochastt Gradient Descent SGD) ff toj H Mis Qo ? ©
dzO0° ° j H dzttiik@® pad@ a5 tc OB HEH stoly ® ¢ @ d d3j E3dc Qru@z 0 &2 ° §

tc Oy z dpfigfisly | vy dzts s det©dA d * ) fz @PPO§ e ¢ ) d HAas®Od d ° | dzls C
FZd3j lsSsts tc d IplsifS HfsH OI8 @BM SGDJ L tc Oy lE dz®@a1 Gdz@ filpizts 9j 1 dzj
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Ef slstcjBO Ojfnddas | fipfsdatitsides | dfy2ic jsd dzOted L Oyd * ts5d3.

VB j H? de® S & to d s jstidEdd Pis fSE&dzj t& O ezt s5dAEEN (j dzcAtiaptive

Moment Estimationi OH O ff Isf B8 HzQgztz®j )dalst® £ tsd3B d dzO ard s © ABa@regio

(4 dze Adaptive Gradienti OH Off & fdcd@H §f d JRMBProp (J dzc Boot Mean Square
Propagationi f s OG@ R HH T p OH tc Flddi@g OO H (), J RSO e st ¢ O
Odze tste §ADARRZ]. t | AOH O Is Y dz@zf g oQddgTs te df <Py @S dzef d dzO di3d Y &
ftSH]" @de® darigly £ @ o O @tc O dig dstOEBE j izl iy IS to ddnfiplg o L d dzlz
Euj i @oe Adam tod B § B My tsdzj dasf O i0EHdtsts f jits h e H < § dzO s
( 2O L fotOmia ff tzOBE B3] HED)OH f BlsO dzdc® H d * (jdHA @) j 2P ¢ s ¢
d3ts d3J dels@® jz B to LEAsizo | tc 6 flasff IS dedcO iz 2 62). RMSProp* Js O¢C ts' §
OH Of ls@dzalzsts § & O dsts sty tc By dA@dEs o  to 5 Y4 Wi dsts &5 dzls O .

L [34], OkIstiadidfs tc j Y @8 &Y Is d d3d L 1OES -GS a3 Is ts H t5,dNadarh (j flzc dz.
Nesterovaccelerated Adaptive Moment Estimationi OH Of Is i 4cdz@ jJo3iz@3) dels@ L O dzO
1 d Misj tots adsin dakf tsdls 5 ts° htDH,35% 1,43% 3,51% 4,88% 11,84%

50,69%d 5829%kzts H dztelAPiA| Is d d3d R@BHEAdam Adamax SGD, Adagrad Adadelta

qFtrl, toj My j C B g b taistejds &z distOssdEg S 15 dacj Ssip dzd UEHe ] H 1S ) g

i 5 H dzs|ORE® YNatlamS ts d3B d WazO dedAdamOi © J Mis § to s a3 fzg dais 3
HOWmEC z<tfiAsijsh Ol @E @R @ ic @ O Yz dz@aOd Qs jsdusy@jtsB s M Ols d
BtoL qifel oV 5te®BOdein to JGBIABAH  J

[ Jol dBQicEo Okddshtc(c®dzMIddIH. d 9§ ®@ | B QT o Otf istsd Oc Oy
Z dzO L jadscldmenbergMarquardt BackPropagationi LMBP) [24] §f to J H 1€ @ad3B@ dzOy d ° |
CtcOH d * f) fidsEHR@ | O infiy s dztrdisscets to I ts dg@) #Od S jOdstc O H d * fnjtf daldndzd
(210§ dzd o GCQH) G O dzjsHag] " J, ©0d "GOO infiy Is dadsdac ts to(d W@ dizd d3
(OGO zdte " j H G dz0 Bd Y dzOc ' 1Pt §s0d @ Bjed fls d
ftots] OcOdg@LL @AL tc O Y &z daEpCABiRO B @F1pj & ° z ydzOR s deMdzls ©
Odze stod Hek@.( st j iyl daj j to LLM ‘Ojz¢ s teidHsdd@[Qdz | B QT o OtcH 59
O dzc ts to (ff Is3® dizj 3) &IOS @z Yrdinindz MATLAB-Z)J [ j o j df8 Qte%o OtcH 50
O dzc ts tefigf B O o3j frdsjocslaizizO te W Oz tramoi®s ts °dij Is tolgfoljj< dndiaz YO j 8 ©
i tc iz X" dir@inim.

1 Oded d3ted 8 BSYid M OFRS]: § Ote O disisieii§ Mis Hisdets d BY s KBERSEB t6ts

f sL di§)ldsiOr j e 5l 36 § @ teth dgif O@F EzcAdtColonyOptimizationi ACO).
LdMistOy d ZOE J BGMSEBO 5HR%, 7tc OH € &® d Agany(31,82%1s H2), 1

LM (20% ts H5), 1 SGD (3333% ts H3) d 1 ACO (100%). v dtc j L & ddgtOdbifin 30 Is tc Ols d
¢ sdzL d Misfy @s fdd CREsHOMRE dizfg fsds S IM f s is dzg O tetsh OSGDB 5°

g L zdels®lg] ¢ dompjdasEdzints pj fdAp@iz) IsOn | Iz tcd BHKS Sthes@B Oto
tjL zdzkOls.

3318 xe _ex™ t_~

A & dzS oz B (ISt @z S € G s alaPd3 @ £ &S e O SWsHAES ¢ & Bf Wz

W Iz dz€ yfd . daP O Cdiss atflzts My s tsfry kOfisls dted@diz jdzdff 1€ g3 jls dids | e d3dfde@)H Mls Oo ° @
Bjsted &z "ftgj Ho g BOO daff € dgjf"tdzj H o d Y fzef Bteded H dz& fgls ©
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ff Otc O d3RiSHe fds® j N B)af ' st sts § O cLARALSAPsIs 5 5§ d MidsEsy Y O
2.55(03.3.17u 56 b tcte s ygd MBO Y @@OO ¥ zjdzkisg & T JS[65P

SOBISE jsfdmMRdks | ? X344 ¥ & &S wir eQf B & PB @ I HSjts dzL d ) l6)j0dzls dzO
Bjsted S ®UHE e duG sy Bzl Y jd5iBEE ¢ w0 L J tz@dd Is f LRMSE d

f o WAdgs ydO juJdii<sittt g joJ ¢ dzj ks Oezth B BPC d o O dzdISE

f 6] HfleaDs Y@z ddf oz BBy Qed ¢ dzj ta @wlag aRLa3Q 36 4 ) ©1.5990 d H d
fj@olgtej <(@8dBj27)Y tcj ¢ dzj e COUAEEE d3j & fg Gzl adimkts v d ¥  SMSE O dzlz

C OWskz dzS Gk ‘Bl BE@H € 5@ dMAEJO2tc O m @ el dzC yd * § .

v $.36: A 2 dz2§ g df B f ISty ¢ dz] te Gordis{adg] (30
ANz dz2C wzB@ L) c®OHEt OHtsSO (
MSE 15(5556%) [3],[4], [5],[16],[17], [18], [22], [28], [29], [30], [37],
[38], [41], [44], [50]
[ sHdW d¢ tse 3(11,11%) [40],[45],[47]

MSE
MAE 7(2593%) [8], [13], [18], [34], [36], [37], [48]
[ Ml 0ds 2(7,41%)  [20], [35]

2
7%

MSE

26%
Mogudrrosana MSE

15
56% MAE

Ocrano
3

11%

u).59 A Iz dz§ 4 a8 f[ Sl ¢ dzj e CDozfeds] 50

s Ofsls 5§ d MEydesj s ° tsHAEP dy MSE d MAE € 1 & dififis Qiiskz dzS ¥ & B [ Is S O
L ® B 2 yO&Ps § disfstdzsl, 00 Iz Is titls § o @t H jededz Y etk MAE

B duwdds Is p g @icly % glsts H Jsdz@ y Jf dediZSMSE [ B § 2 dzC g dz B Mlds@ O " |
my ed &3d E[&]

L [40], dzts tc O dzd MFEA(MED C stod Ml dzi MIMSE H sR jz[45] L B ft® OOt Ols
Ctcl] " DEOtc] 8 OB WS wdz@ Is 48,.0 tcd d&3j MIMSE M@ k& B d ldChip=izf H
COL tzjL.BOMSEL @ sH OBNISEL @ sdzH j o QOdep L fipjr f sSlstc] B @o O
ZC° Eydiedd® dj usSedicro dzdfw jo ‘z@q iflzd F Is - 5 ez@Bi6HES o3 jzizk zZ@tzH | dzO.

{ fls QdzjdzS wdz' BjdBSE O " £ § tzj ¢ dzj t6 O Hzt$ afpfla P ¢ O lsdfts ciaDts d Is O d3fi
9 J 6590 lshyidls 7 O lsdfdizl® tfd@ftat®d o3¢ lastaflfp » zdudsy i Is dftsd@jied] g )

2 dzO ¢ tg fgxiz@ S[§5H & O ¢ &' [3], B Is WHEAS ¢ dzts L* dpel@s O OQ)lef ksteiz] dz$ s H
(VAE), Of t5H tc OL Iiidig dz0wap’s @Lis@ i Is t itz B distexkj € ts dzfn ls, Ry d *
stsdp OHtizHIS jW 2 dzC Yt H L ddg® te | H ditsjindsk @BiSES 2 dfB @ CB dzj tets o

Hdejte)d dyd J

3319 ho h=am ¢

[ ®GHj? @0 SiHigs ¢ O dnSdsSit ) § § 06 jSlasjs d I Ljfdaij ¢ dzj H O dzd
©OH SouhpdBIdur. 607 tod € Qa il didpid d3j © i A & tc OGNS f B @. 1 j ¢ dzj H
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dzj C ¢EBH tsolaffdgs tc j B 0 jddetg H* “j JH dztp &, flff @8] T R d Python [29]T R d
MATLAB, [45]i Pythond MATLAB.v Is OB jjdgiaP dz@ € ¢ feiatsj % j toj dzy d .

Z Isthjs d F tc iz 3 Jupy@rNotebookf §f ts d3d)zj17], [26] d [32] ( A7] = s ls HAO dz
GoogleColabz )OSpyderiz[23].

L v ¢.138dz00 j HnjRgkhony OC E lsdnd M ls O S kifiadside dzj 8 @ty alkd R0, & dzts
d3dzts ctaf@ip ts dndf ds@3é P A "siH J H 28 € ,jOfs B dzisth @A §f bs f Ratdas] NumPy

ded fizlf ? & Wzisde@@ dzO dzdf b fH#s. OB Js@F 5020 z@ € f dads) W j to] @y did " < J
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SBiidzd ¢ 14t @dzfis Wt ten Ols © 6 @ "difite P o tof T fo s d3j dz?déf &&dfAIs d

©j H & ffdzjsils O f ©OF @H G delisdigf 2z” o d 7 .

4343se” Tax>™t o 7 e " hem mgto * "~ t ~ ~

10§ §PC leftetad dZO&J@tGdl 'dQ defipju F@adjds s d3d dﬁf@[cﬁucti? zle s a3 dz° d o J
AC_POWER d dzgdzk d5j to of 5] dzDATE JIME, d 6] L & dds ®©E it Oy lz dzOo OF
f ©d ¢ Ofy Edpd49,

50449 ] 6] H dztb BB K & WAD dzOoyQ[E dj ‘P tefgj §deE Oy g d
(HeBefHEHOlOS 0)

] tsd3) dz’ d o O VIF

WIND_DIRECTION 5307595
WIND_SPEED 2,837083
IRRADIANCE 37,214322

MODULE_TEMPERATURE 199704464
AMBIENT_TEMPERATURE 114039707

TIME 3,679360
DAY _OF _YEAR 3,729060
AC_POWER PREV 18915412
EFF PREV 3,189935

VB J H?dEO oo jtesi 1 2O IsdsdeodzOCay@ts ¢ '@ dzigji K tzfs tc Gfudic @y kz gzOls O
L & o5 d5j dzM@DUEE TEMPERATURE © 5L dzOm Gz MC £ § 15 H O 4 @%@ 5O GO

Bz dzls d € ts dzd & O g ) dse@ite td3d dat GB B D tets 3§ daf LB IPs OP L’ § dzO
HO? L tc 0yl O£ BHEBOZOyEE ¢  1Ojdzh deistetsidy j to APy dis Qu z dzOo OF
Is SC0 € IstfstsddS Ofy RsdgdS0.

v 0450 ) t6j H dzts B B K 1§ A dzOoyQfte dj ‘dEDER s Mls O W®KBY dz° d o §
MODULE TEMPERATURE H g€ fH Ol OC O)

l eisBj dz’ d o O VIF

WIND_DIRECTION 5,273882
WIND_SPEED 2819668
IRRADIANCE 17,760229
AMBIENT_TEMPERATURE  4,837523
TIME 3,639701
DAY OF YEAR 3,696481
AC_POWER PREV 18482498
EFF PREV 3,149688
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d B3O O dzj d30dS g d ° dplts s d3j dZAQIPORVER mts O dgtd tetsdzj dz’ d o Iz
AMBIENT_TEMPERATUREd L tt Oy k& tizp s @O K) IsdsdeodzOCaydtc ¢ ‘dQ ddfidid &

OL ®otgfis @dzfs di3j d@ tefjoHj dzSIGBC IS S SHEc B P HAJY e L o to" | dzj
"Moo fJIsj tcOdtc Py lz ddODOS ®idad dzOg Pty * @ drfijls.o tdléstg cOyYyd * d
dL sfmis Oof tg =iz] AXVIND MRECTION,dH tsB d toj datf diflta@fl<dOf iDisttas | dzd

s ¢ 152,

v 051 ] toj H dzts B ® I§ 1 WAD dzOeyQfts df EDERMjdAS I ls O W@ KBY dz? d o j
AC POWERPREV( HicB € H OlsOC O)

1 totsd3j dz° d o O VIF

WIND_DIRECTION 5,270154
WIND_SPEED 2,818526
IRRADIANCE 2,194856
AMBIENT_TEMPERATURE 4,779399
TIME 3,634378
DAY _OF YEAR 3,676574
EFF PREV 3,099422

v 0452 ) 6] H dzts BB K 1§ A dzOoyQ[te dj ‘dEDR s Mls O W®KBY dz° d o §
WIND DIRECTION( H el & f s H Ols OC O)

] tsd3) dz’ d o O VIF

WIND_SPEED 2,636325
IRRADIANCE 2,190778
AMBIENT _TEMPERATURE 4,652185
TIME 3,158974
DAY _OF YEAR 3,488346
EFF PREV 2,833475

mh O Bsd o & dZAMBENT TEMPERATURE o t6j H disCiflds  tz® zOyd *
o Oted 9QdslidL Okfsj Ixftds’j tc @fy.dis firls Ols f BRI df’ § B & e dedz dzls Ols
f o d ¢ Ofy EDdEdS3,

v 953 ) toj H dzts BB K 1§ A dzOoyQ[te dj ‘DR fids fls O Ww®KBY dz° d o |
AMBIENT TEMPERATURE H el @ f s H Ols OC O)

1l esBj dg’ d VIF
WIND_SPEED  2,634474
IRRADIANCE ~ 1,926243

TIME 2719717
DAY _OF YEAR 2,967451
EFF PREV 2,695074
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[ 5H OB dzO digQ O tste OO I © © @ M jJdEaE te<tds tsigtasHe JOdS)(j dzeQizlinary
LeastSquares tsB d Yy 3OS QH X § stcd h 3j BEBEOO & odGH tc Ols O.
¢ dzO dzd §f Oo te "zfafz® ts dfds§ ths Odzdn'o @K 9 dzO dzd LdpfQe tedzj dE? Qfiw §
SHA o OB b QEf difodaodgl dgls d € 15 dzq] o O It Rl ) e Oy d
CJ HEBD 6 5 i34 dz’dd e dOR J de00 *Qidz0 dz@u Q Istff Eizdets © T je gz tetOE B O

dL o teh OBH jjuzdsH Olf dzts)dz] ¢f S SStc Qlgdgts e ] gz dzj IsO@dftc s dz dz” d 9 ©
IRRADIANCE.

1 @ to Gyolaflls]y to @ iz jtc dify Asdd O@4s d figfla doy M@ dyjAs g s8N IsO” O
H Olslzug 1.54,C sif @d ¢ Qajla zjdl@ldsgjlrzj € Isdald dalrftsG ztf OH O |&@ %6 ts -
disj 0@y HEdis O I MFEUOd Disd L Oz daks L &z dzisHOst [d657],

OdzO * B d & O Bl HMiPltasH j 2T &

v ¢u54 5 5 BY dzfnls @ds d i lisd W Ldizs P& ¢ I s dztsioz JOUSD
L @ dzj ¢ Istaf@dazo Mol tH O sk Qed@dds j e Oy d -~ d

OLS Regression Results

Dep. Variable : y R -squared : 0.994
Model : OLS Adj . R-squared : 0.994
Method : Least Squares F - statistic : 7.740 e+04
Date : Tue, 24 Dec 2024 Prob ( F- statistic ): 0.00
Time : 18:00:00 Log- Likelihood : - 15207.
No. Observations : 3158 AlC: 3.043 e+04
Df Residuals 3150 BIC: 3.048 e+04
Df Model : 7
Covariance Type nonrobust

coef stderr t P >t [0.025 0.975]
const -19.4911 13.040 -1.495 0.135 -45.059  6.077
AMBIENT TEMPERATURE 2.3940 0.492 4.862 0.000 1429 3.359
MODULETEMPERATURE -3.2237 0.379 - 8.504 0.000 -3.967 -2.480
IRRADIANCE 1.2348 0.009 139.790 0.000 1.217 1.252
TIME - 0.0100 0.089 -0.113 0.910 -0.184 0.164
DAY OF YEAR 0.2145 0.059 3.648 0.000 0.099 0.330
AC POWERPREV 0.1145 0.007 17.617 0.000 0.102 0.127
EFF_PREV 24.6256 1.691 14.565 0.000 21.310 27.941
Omnibus: 831.098 Durbin - Watson: 1.503
Prob ( Omnibus): 0.000 Jarque - Bera (JB): 34954.851
Skew: -0.489 Prob ( JB): 0.00
Kurtosis 19.269 Cond. No. 1.55 e+04
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RIsj 60O 1 2 3 4 5
ltesd3d dz2° d o t P>|t| t P>|t| t P>|1| t P>|t| t P>|t|
MODULE_TEMP. -8,504 0,000

AMBIENT _TEMP. 4,862 0,000 -2,825 0,005
AC_POWERPREV 17,617 0,000 15671 0,000 15601 0,000

TIME -0,113 0910 0586 | 0558 -0,826 0409 0,576 0,565
DAY OF YEAR 3648 0000 4412 0000 5877 0000 5997 0,000
EFF PREV 14565 0,000 14016 0000 13779 0000 17,082 0,000
IRRADIANCE 139790 0,000 194184 0,000 194180 0,000 475109 0,000 665718 0,000
R 0,994 0,994 0,994 0,994 0,993
1 od ZOCR' j 0,994 0,994 0,994 0,994 0,993

u 94561 O o OXfidedO Isdy M lsd Y Ldizts H & 6 §f i3 di3EEEE JOESD
L @ dzj S IsajQdae el toH Ols OC O

RIsjtcO 1 2 3 4 5
l totsd3j dz’ d o t P>|t| t P>|t| t P>|t| t P>|t| t P>|t|
MODULE_TEMP.  -9,998 0,000
AMBIENT _TEMP. 7,634 0,000 -1,618 0,106
AC_POWERPREV 27,787 0,000 25541 0,000 26294 0,000

TIME 0243 0808 0,136 0,892 -0,740 0459 1,967 0,049
DAY _OF YEAR 0415 0678 -0466 0641 0224 0822 -0,380 | 0,704
EFF PREV 4115 0000 4971 0000 4,724 0000 8688 0,000
IRRADIANCE 57919 0,000 75122 0000 75336 0,000 225244 0,000 326239 0,000
R| 0,977 0,976 0,976 0,971 0,970
1 od ZOCR' j 0,977 0,976 0,976 0,971 0,970
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