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3AXBAJTHUIA

w»llymosarme 00 Xuvady Mivba ROUUILE JEOHUM KOPAKOM.

Kunecka nociaosuua

Osa ducepmanuja jecme Moje eenuxo Oeio aiu je Hacmana saxeasyjyhu Huzy cumyayuja u
YOU KOju ¢y U y3 mere moxkom paoa Ha rwoj.

Hocsehyjem je ceojoj hepiu Coguju, uuje odpacmarse je najsuiie mpneaio mokom 200uHa Mo
yeaspuasarsa, Ha Ryny 00 yusbad.

A Ha OBHM TIOCJICIBHM KOpalIMa Ipe TOT LIMJba KOPHCTHM MPHIHKY Ja H3PasHM 3aXBalHOCT
Hajnpe bory 3a cBaku JaH 3ApaBsba M IITO CaM Y CBUM MOMEHTHMA YCTIOHA M MaoBa UMajyhu
npase JbyJe 0Ko cebe, ycnena Ja HCTPajeM M ITOCTHIHEM JKeJbeHo.

Y 10j MojBenHKOj ’eJbH HEM3MEPHO MH je TOMOrJIa MeHTopKa, npod. ap brarojesuh Mapuja,
penosHH npoecop Dakynrera TexHMUKUX Hayka y Yauky, YHusepsutera y Kparyjesuy of
KOje caM jOII ofl OCHOBHUX CTyaHja moOujana Betap y neha u oxpabpeme 3a Oyaylfif kopaxe.
Orpoman gonpuHOC MOM paay fao je u npod. ap Pankosuh Anckcanngap, penosuu npogecop
daxynTeTa TeXHMYKHX Hayka y Yauxy, YHuBepsuteta y KparyjeBmy. CBojum caBeTHMa,
cTpiubemeM W noceehenomhy, npod. bnarojesuh u npod. Pankosuh, yunnumm cy ga oBo
myToBame Oyfie, y HajMamy PYKY, JIeno HCKYCTBO M 1 CRAKOM HOBOM H3a30RY NPUCTYIIHM ca
yexuhemeM. Kpo3 HekolMko roguHa capaiie HeceOM4HO Cy HAa MeHe MpPEHOCHIH CBOje
HCKYCTBO Y 3HaIe 1 YUHHIIHN Ja ce LeloKymHor npoueca ceham ca pagonthy 1 nonocom, 3dor
Tora Bennko XBAJIA.

3axBanuna OMX ¥ MOjUM Konerama ca AkaJeMHje CTPYKOBHHX cTyadja 3anagna CpOuja, Koju
Cy MMaaM pasyMeBama TOKOM MOT HYMTABOT YycaBplllaBalka M Ha pasIMUHTHje HaunHe
nmonpuHeny Mom yernexy. Hajeume np Jlukosuh JbyOumm, np Munurojernh Munorany u np
Cranumesnh Wb KOjH ¢y MH B CTPyYHHM H NEJAaTOIIKHM CaBETHMA TIOMATralli CBE OBO BpeMe.
[ToceGno 6ux ncrakima Mojy apary xonernHuny VMeany MapuukoBuh, koja MU je yBeK JaBana
MOJICTPEK W OWIIa CIIpEMHA 3a PasroBOp y cBako noba. Benuko xsana u Cphany Obpagosuhy,
KOJIETH, APYTY, MOjOj HOAPIIIH 1 TOMOhH y KpHTHYHHM TPEeHYTLHMA.

HensmepHy 3axBanHOCT KeIHM Ja M3pa3sHM IpemMa Mojoj mopoauiu Oe3 unje MoApIIKe yclex
He 61 6uo moryh. [TocebHo KemrM 1a 3aXBaTUM MOj0j MajITH, KOja HU Y JelTHOM TPEHYTKY HHje
MOCYMHbaJIa y MOjy JKeJby H Moje ctocoOHOCTH. 3ajeeHo ca MOjOM CECTPOM, ITyHe pasyMeBamba
1 JbyOaBH IpaTuie cy Me roquHamMa oxpadpyjyhu kana rof je To 6uno notpedno n hyrehn kana
je To 6uno jom notpedHUje.

Haxo ra noMumeM Ha Kpajy, MOj HajBehH oclioHaI ¥ OPILKA Y CBAKOM MOTJIEY j€ MOj CYNpYT.
On npBor Kopaka T1a 10 CaMoT L{iJba OH j& YCIeBao Ja MU MOMOTHE U pa3sTOBOPOM M THIIHHOM,
nuTamUMa 1 oaroropuma. M 3ato najrehe XBAJIA.

XBana U CBHM JpyruMa Koje HHCaM MCTaklia a KOju Cy CBOJUM pa3yMeBameM H IOCTOjameM
JOTIPUHENTH JIa CTPAHUTIE Koje crejie Oy Iy HCTHCaHe.

3axeanna,

Hpacana Knexcesuh
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Pe3nme

Wmajyhu y Buay na pactyha cBeTcka momynaiuja u TEXHOIOIIKH pa3Boj JoBoAe 10 noeehane
HOTPaKIE 32 ENEKTPHYHOM EHEprHjoM, pa3Boj e(MKacHOT M MOY3ZAaHOT CHCTEMAa 3a
IIaHUpamke M MPOLEHY MOTPOLIE eNeKTpHYHE eHeprHje IocTaje UMIepaTHB M jeJHa Of
KJbYYHHX TeMa.

OcHOBHM LMJb M MOTHBallMja OBE AMCEpTallHje cy yHamnpeleme TauHOCTH M MOY3JaHOCTH
IpOLIEHE NOTPOILILE eNeKTPUUHE eHEePTH|e, IITO MOXKE AONPHHETH e)MKaCHH]eM MITaHHpamby U
YIPaB/bamy eNeKTPO-eHePreTCKMM CHCTEMOM, a THME H CMameiy TYOHTaKa eHepruje.

Y ckmany ca TUM, IPEACTAaBIbLEH j& IPOrpaMCcKH OKBUP 3a NOIPUIKY NpeABUbamy 1 IIaHupamy
HOTPOLLILE eNEKTPHUHE SHEPTHje, TeMeJbeH Ha TeXHHKaMa MalIHHCKOT yuema.

Kpo3 Hekonuko mornasiba, MPEACTaB/bEHO je& BHUIIE PasTHUUTHX NPUCTyMa OasHpaHHX Ha
MAlIMHCKOM Yd4emy, O MOCTYyIKa ajanTalHje HHHUIHjaTHOT CKyla IojaTaka OO0 pa3Boja
mojena npahedor epanyauujom pesyirard. [Ipemnoxenn Mojell HacTaje Kao HPOALYKT
CHHEPIHj€ BHILETOJUIIILET MCTPAXKHBAIha, IOMMYKMX MpaBHIAa W Hadela, TEOpHjCKo-
eMUCTEMHOIOIIKUX Ca3Hama, AYTOTPajHOT NPAaKTHYHOT pajga Ha pa3Bojy NPorpaMcKor OKBUpa
H Ha Kpajy TecTHpama Ha CTBAPHOM NpoldIeMy.

HUmajyhu y BuAOy pasHOBpCHOCT moTpomada oOyxBaheHHM NPUIMKOM TeCTHpama MOJIEna,
jacHo je ma ce cTeueHa cas3Hamka M NPEITOKEHA METOZONOTHja MOTY KOPHCTHTH Y
noMahmHCTBMMa, MAMETHUM 3rpajaMa, 1a 4ak W YMTaBAM KBapTOBHMa, FPpaJoBHMa ald H 3a
HOJPLIKY [UIAHHPahy NOTPOLILE Y MHAYCTpHjH. Pe3ynaTaTy mocTUrHYTH Ha OBaj HAYMH MOTY
Hah¥ npUMeHy y IIMPOKOM CNEKTpPY aliMKaluja M3 JA0MEHAa AUCTPHOYLHje M TOTPOLIHE
eNeKTPHUHE SHEPTHje.

Ha Taj naunn, noTephena je npeTnocTaBka da ce TEXHHKE MALIMHCKOT yyera e(pHKacHO MOTY
KOPHCTHTH H y OBOM JAOMEHY UMME je JaT JONPHHOC Pa3BOjy 3Hama O MPHMEHH TeXHHKA
MALIMHCKOT y4€iba Ha [10JbY NIaHHpatba [IPOU3BOAILE U OTPOLLILE SNEKTPUIHE CHEPTHjE.

Kbyune peun: Bemrtauke HeypoHcke Mpeske, I'pagujentnn Oyct, JluHeapHa perpecija,
Mammncko yueme, [Ipeanknuja notpoumse enekTpudne eHepruje, Perpecuja ca nornopuumM
BekTopuMa, Cryuajre myme, Ctabna omnyke, Xybep
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Abstract

The growing global population and rapid technological development have caused the increasing
electricity demand and therefore made the development of an efficient and reliable system for
electricity consumption planning and estimating a must, and one of the burning issues.

This doctoral dissertation aims to improve the accuracy and reliability of electricity
consumption estimation, which may increase the consumption planning efficiency, and
improve the energy systems management, thus reducing energy losses as well. In line with that,
a programme framework which supports the electrical energy consumption estimation and
planning, and which is based on machine learning techniques is presented in the dissertation.

Several different approaches based on machine learning, ranging from the adaptation of the
initial dataset to the development of the model and its evaluation, are described in several
chapters. The proposed model emerged as the product of the synergy between the research
which took years to conduct, logical norms and principles, theory and epistemology, long-
lasting practical work, and finally the model’s performance testing in the real world.

Taking into consideration the diversity of the consumers included in the model testing, it can
be concluded that the acquired knowledge and proposed methodology can be used in
households, smart buildings, entire neighbourhoods and cities, as well as to plan the industrial
electricity consumption. The results obtained in this way can be used in a wide range of
applications in the field of electrical energy distribution and consumption.

Therefore, the hypothesis on the efficiency of machine learning techniques in this domain has
been confirmed, thus making a contribution to the development of knowledge on the use of
machine learning techniques for the electricity distribution and consumption planning.

Key words: Artificial Neural Networks, Decision tree, Electrical Energy Consumption
Prediction, Gradient Boosting, Huber, Linear Regression, Linecar SVR, Machine learning,
Random Forest
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Oznake u ckpahennne:

ACC e
Adadelta ........
Adagard ........
Adam ...
ANN ...
AUC ...

CNN ..

FPR.............
GNN s
IQR ...ooeeeeee
L12 .
Linear SVR....

LNL ...
LSTM ...........

MAPE ............

MLP.............

RelLU.............

RMSprop ......

. TaunocT, npenusHocT (eHrn. Accuracy)

Anroputam ontumusanyje (enrn. Adaptive Delta)

Anroputam ontumusatuje (enrn. Adaptive Gradient)
Anroputam ontumusaije (enrn. Adaptive Moment Estimation)
Bemrauxa nunaremrennuja (enri. Artificial intelligence)

[Mpunarohenn xoeduumnjent nerepmunanuje (enri. Adjusted R Square)

.Bemtauka Heyponcka mpeska (enri. Artificial Neural Network)

[MoBpuuna ucnox ROC kpuse (enrn. Area Under the Curve)

Hopmami3zanuja na HuBoy cepuje (enrn. Batch Normalization)

.Konronyrurne Bemrauke HeypoHcke mMpexe (enrn. Convolutional Neural

Networks)
Jlaxxno weratusHo (enrn. False Negative)

Jlaxkno nosutusHo (enrn. False Positive)

..Jlasxkno nosutuBHa cToma (enri. False Positive Rate)

I'papoBcke BemTauke HeypoHcke Mpexke (enrn. Graph Neural Networks)
WntepxBaptunnu oncer (enrn. Interquartile Range)

Tun perynapusauuje (enrn. Lasso)

.Tun perynapmuzauuje (enrn. Elastic Net)

Tun perynapusanuje (enrn. Ridge)

JluneapHa perpecHja ca HOTIOPHHM BekTopuMa (eHri. Linear Support Vector
Regression)

Hopmami3zauuja na auBoy cioja (enrn. Layer Normalization Layer)

.Bemrauxe HeypoHcke mpexxe ca gyrorpajuoM MmemopujoM (enrn. Long Short-

Term Memory Networks)
Cpenma ancomnyTHa rpemka (enrs. Mean Absolute Error)

Cpenma ancoiyTHa npoleHTyaHa rpemika (eHra. Mean Absolute Percentage
Error)

Mamnmncko yueme (enrn. Machine Learning)
Bumecnojuu nepuentpon (enrn. Multilayer Perceptron)
Cpenma keajparHa rpeuka (enri. Mean Square Error)

Heyponcka mpexxa (enrn. Neural Network)

... Koepurmjent nerepmunanuje (enrn. Coefficient of Determination)

Pextuduxosana, ucripasisena dpynkuuja ontumuzanuje (enri. Rectifed Linear
Units)

Kopen cpenme kBagpathe rpemike (enrn. Root Mean Square Error)

Anroputam onTumusaije (enrn. Root Mean Square Propagation)
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ROC......ccccce.
RvNN ...
TNR ...
TPR.....ccocc

WNL..............
XGBoost........

PexypenTtne Bemrauke HeypoHcke Mpexe (eHrn. Recurrent Neural Networks)
ROC xpusa (enrn. Receiver Operating Characteristic Curve).

Pexyp3uBHe Bemrauke HeypoHcke Mpexe (eHrin. Recursive Neural Networks)
Crapuo HeratusHo (enri. True Negative)

Onosus neratBHe knace (enrn. True Negative Rate)

Creapuo nosutusHo(enri. True Positive)

CreapHa, mpaBa ToO3UTHBHA cTona, OMo3uB MO3UTUBHE Kiace (eHri. True
Positive Rate)

Cnoj ca Hopmanmzanujom Texunna (enrn. Weight Normalization Layers)

Exctpemnu rpagujentau Oyct (enrn. Extreme Gradient Boosting)




Hpazana Knexceguh [Hoxmopcra oucepmayuja

CAJIPAKAJ:

1.
I.1.
1.2.
1.3.

2.1.
22.

221, KNACHPHKAHA .. ..oeueeeeeeneeeeeeienaeeeaeeeseeaseen semssemaseasses s s saeas e ermsean ersensn smsmscrnensecnsenneenn
222, PEIPECHJA cuveveeuevieeas et aae e v s e srs eeas ees et sases s eaees s eae s s s sesamsne s semes e eanensa ene e

23.
24.
2.5.
2.6.
27.
2.8.
209.
2.10.

2.10.1. CKPHBEHHU CIIOJEBH ... eeeveeveeraeaes ereenrs erseeasees e eseessseneesssenessses e ss s amsns s seness sus ensesnsnns
2.10.2. AKTHBAIIHOHA PYHKLIH]A. . cucvueuee creenrereeeasees e esoessseneenssenessses esssesansnsusannessesnnensesnnns
2.10.3. OYHKIH]A ONTHMUBAIIMIE oo cvoeeeeereemeereeeeeeee e eseen s emsem e emesee e e sesamans s amnn e eomenseennans
2. 104, CTOTIA YHUEEBA - v.veeereerearneaneesmsses eeeeme eseneasses s essensseasensseasasasssesssssmsesnsaenssss ereemsesasans
2.10.5. BEeHYHHA CEPHE 38 TPEHHPADE vevveereresrsresessseseensseuesaessessssamsnessasness snnensesnnns
2.10.6. PETYIAPHBAIIHIA .. cevrvvieeeve e eveaee ereesas erasasees e esees s eseessseaeses s sesamsne e aemes e sas ense snsns

2.10.7. UHMIMjanu3amfja TapaMeTapa H OHMACA ..o .o eeereeneeeeeecee e e eeeaeses e eeans e eaeemseeneens

2.11.
2.1

YBOIHA PABMATPAIDA ... e e e e e e e e
MoTHBalHja U IPEAMET AUCEPTALIHIE -..ueoeeuee creumeememseenmemescmmas emmssecaneeceesmsscomas eecaseecanes
Iperne CPOAHIX MCTPAIKHBAEDA .. ...ceveuseeeuma creaceensmseesmssesesmss eamsssecansscsssnsscomsssscasescanen
LIMBEBH MCTPAMKHMBAFBA ... oo oo eeoaeeceeeee et em oo oo cemas e cas e oo e ee oo oo em o emma o2 cecaeee e e e e cee
OCHOBHH MOJMOBH, OOJAIITEBEIBE ...evuvveerursvasraneaesesa ernesas et sesasssssses sessaesssussessssness sesesanses

— 00 0 N O W B = =

—
(=]

JIMHEAPHA PETPECHA ... ee e e et cacee s e e e e e mem e e em e e e e eem e e emeae e s eme s

f—
(%]

Jlnneapna perpecuja ca TOTHOPHUM BEKTOPHMA. ... c.ueueuuieuereereeeesreaess e sueseseneses s snenes

—
%)

XYOCP PETPECHIA .o cvre et v e st eee e e s s eae e e en s s s amsne s seen e e e e e

—
I

CTADIIA OITTYKE. cv v ereereeeneeu e eue e et s s easssae st sae et sesas et snas ees e es es e enteaseene ee s ne enaenaen

—
I

CITYTAJHE TIIYME . ..eeeeeeeeeeneenenaeeaeemaseaees s assneneesaneas esaemen ossemesnes seessenseens emnsans eemrs e sesseenn

—
N

I'pagujentHo nojadaBame (OyCT) M EKCTPEMHO TPaJAHjEHTHO M0ja4aBAKE ..............

—
=}

BellITauKe HEYPOHCKE MPEIKE ... ouuveumeuescemms e eas ceereemmssesas ceesecmmesesms ees e eas cesrmemss e easceereens

—
o

ApxutexkTypa ANN H XUIEPTAPAMETPH MPEHKE - ...oeieiieee e e et cea e e eaeneen

[T T S I o TR S O T o o)
(ST e R B =. T V)

[TpoLieHA YCTIEITHOCTH MOETIA .o vevrerraeraueaesesae ermenee st ssasens s esesssenssunean sssesnnsnsesaes 32

1.1. Koepummjent aerepmunanuje (R?) u npunarohenn koeduiujenT neTepMHHaIinje

(AR% 33

2.1
2.1
2.1
2.1
2.12.
2.13.

1.2. Cpemba ariCOMYTHA TPEIIIKA ..evuevurerenrareeeneus ernenns esassas s assesessnensssnsse sesesesssssnnsaseens 39
1.3. Cpenma ancomyTHA TPOUEHTYATHA TPEIIIKA ... cv.vrveneeereeeeseeseeessenseensemneens eenssesseeseans 34
1.4, Cpeaba KBAZPATHA TPEIIIKR ... .veuvurereerareaeaeeneeenesns esnenns esassassssssssesssenssunsens senesessssesans IF
1.5. KopeH cpeihe KBaJPATHE TPEIIIKS .......vuveeueeeue eee ernenas esanassns s essenssenssuneens senesassnsnsaes 34

[TpUnpemMa YIaZHHX HOMATAKE ..c.uuvereerenrenneenenee e enensenenessesnessansenensensensns snessnneeees 34

CTpykTypa moTpollada y cHcTeMy 3a cHabjaeBame €NEeKTPHYHOM EHEprHjoM Ha

TIOCMATPAHOM (TECTHOM ) TIOTIPYUJY «- vvxeveeveneeareenenseemsemmsemnsemssenss e sesasaseannsesn emes semsnsnscrssesscnnsanes 31

3.
3.1.

METOJOJIOTHIA HCTPAKHBAIDA ...ttt srsn e en e e 40

MeTone KOPHITNEHE Y HCTPAIKHBABY ......vvuverveeeneeee evvennseaennnensnesnssnensenneenesenss s snnesaes 40




Hpazana Knexceguh [Hoxmopcra oucepmayuja

3.2,  TexXHHKE HCTPAMKHBAILA ...ccvveereereerreeraesessesssessenneesnssesassssssnessasessnses snnensesnnscesnssncnsnnes &1
33.  T1OCTYHAK HCTPAMKHBAIDA . ..eoveveeeeneeareenen e ensemnsemassassenseansesssaseeasesesnsenssnssscrnensecnennes &1
3.3.1. Da3e Y HCTPAKHBAIBY .ocveerueeveenecrienreereeeasensseseensseneennsenesssssesssenassnnnsasnessesneenseeneens & |

L. IIpenBuhame MeceuHHX MOTPOLIBH eJISKTPHUHE HEprHje 3a CBe MOTpoliaue Ha
jeanoM IPOCTOPY (TIPHCTYII ) coevieie e s e e e e e 2

1I. IIpenBulame MeceYHNX NOTPOLIBH €NEKTPHUHE eHEpTHje 3a ofpeheny kareropujy
norpomaya (KmacTep) (IIPHCTYII L) coovee e s s 3

4. PE3SVIITATH UCTPAJKHBAIDA ..ottt e e s e e en e e B0
4.1. Ilpenponecupame YIa3HUX TOTATAKA -....uwneereermeee erermesasamsenesseessenseensennsensseassesseeseees 40
4.1.1. Ilpukynsbame nojaTaka H KapakTepHUCTHKE CKyTa ylIa3HHUX M0JaTaKa ................40
4.1.2. Apanranyja HHHITH]QTHOT CKYTIA O0SIIEMJA «.eervevvverreereenreerevesessreneseneenecenssaeennennen 48
4.13. Konupame 1 HOPMATH3AIH]A YIAAZHAX TOTATAKRA . -eeeereemeneeneeenecseeerecneeneeneenseenreess I3
4.2. Hctpaxusame nogataka. OTKpHBame 3aKOHHTOCTH Y LIMJBHOM CKYNY ojaTaxa.... 60
4.3. Ilpensuhame noTpoume eneKTpHIHE eHepryje 3a cee norpowave: [pucryn | ......64
43.1. Apxurtextypa npeanoxkeHor Mogena ANN ..o e, 03

43.2. ¥YTtunaj agantanuje cKyna M INPHUCYCTBa CJIOjeBa ca HOPMalIHM3aLMjOM TEKHHA U
ClojeBa ca HOPMANH3alMjoM aKTHBAIMja cJ0ja HA MPEU3HOCT NPeANKIHje MOTPOILLE
EITEKTPHUHE EHEPTHJC. .. vvvevrervaeeuaesaeeraeses eraenas eramsassns e esensssnsenssenensssssesssnsmansnsannensesus enseeneens O 1

433. Iopeheme pesynrata ANN mozaena ca gpyrum ML mogemuma ..o 77

44. Ilpensuhame NOTPOILILE EISKTPUUHE CHEPTHjE 3a opeheHy kaTeropujy norpouada
(xmacTep): TIPHCTYIL 11 c.oo e e e e e emeena enane e en e cnnnnnes 1O

4.4.1. TIPBH THII KITACTEPOBAMA ..cvuevenrurevensirsanssaneeenseas essesns ssannnsess s essesssenssnnsensssnenssssesaes OO
442, JIpYyTH THII KITACTEPOBADA ...eueveerurvesersanssaneessesns sssesns et annasasssssssenssenssnnsenessnesessnssaes O 1
443, Tpeh# THI KITACTEPOBABDA ...eeveeereeneereaneaeesmesas ereeme esaseassssseessenssensennsenseensssesesseees OO
444. UYeTBPTH THI KITACTEPOBAIDBA .. .vuvureveerursesasaneeeseses sssesns esaenasss s essenssesssuneesessnessesssesses OO
4.4.5. IpelH3HOCT NPEITOKEHOT MOZEIIA «.evevuvrrueeenees ereenas esanneess s esenssenseuneenessnes s sssesaes OF
44.6. Ilopeheme pesyntata ANN mozena ca npyrum ML Mozemma ........oceeeeen.. 94
44.7. YTunaj npas’HUKa Ha TOTPOIIHHE EICKTPHUHE CHEPTHC ...uvevveeerrereaeceneenecrnrrveernenaes 99
4.5. ANN mozen 3a noapuiky K1acH(HKalMjH NOTpoIIadya SIEKTpHYHE CHEpTH]C....... 107
45.1. Monen 3a onpeUBamHE 30HE TIOTPOIIFBE <. eeeveceeereeneeraeeaeeaeceenenneneenmeeneeenseaeennnes 107
4.5.2. Mogen 3a onpeuBame CE30HCKHX MPOMEHA. .. cucvvereerrevanrenrereessneneenneenssenssnesanees 111
4.6. Annukanuja 3a npeasuhame NOTPOLIKBLH, HAMEHCHA KPaj HEM KOPHCHHKY............ 113
5. JIMCKYCHUIA YCTIEHNHOCTH TTPEJUJTIOKEHOI MOJIETIA ... .. 116

6. MYIJITUMOJIAJIHH, EKCIIEPUMEHTAJIHU MO,[[EJ'[ ANN KAO [I0OJIA3HA
TAYKA BYAYRUX UCTPAXKHBABA .. .. 118

6.1. MynaTuMogamHOCT 3acHOBaHAa HAa  METCOPONIOIIKHM M HEMETEOpPOJIONIKHM
KAPAKTEPHCTHUKAMA TIOTPOIIIAYA .. v veeeveeeen e areesen e ensemmsemnsasenssenserasaseansesensensnanssscssssscnsens 119

6.2. MynaTUMOJaNMHOCT 3aCHOBAaHAa HAa HYMEPHYKHM M KaTETOpPHjCKMM oOenexjuMa
TIOTPOLIIAMA - cecexee e e eee s ammenesaseas es e ees es2emam me2reessem st emsemms emmss s messsnseasarearnsesn smsensnnsnscrsennecnnens | 22




Hpazana Knexceguh [Hoxmopcra oucepmayuja

1. 3AKJBYYHA PABMATPABA U BYJIVRAU ITPABIIU HCTPAKMBAA .......... 125
KOPULITREHA JTUTEPATYPA .ottt e se e e see e L2

IMomuc cnuka:

Cnuxa 1-1: Yaeo xunpo ¥ TepMoeneKkTpaHa y IPOH3BOAH ENEKTPHUHE HEPTH]E. ....c...ccucn.n. 2
Cnuka 2-1: OnHoc OCHOBHHX IOjMOBa y o0mactu Al [66] SO UPRP USSP SRR |
Cnuka 2-2: Matpuna kondysuje.... . ettt e et st i ennn e et aen e nnn e rnne e O
Cnuka 2-3: ROC kpuBa 3a 1Ba KJIaCHClJHKaTOpa [69] SRURPRPRIRIITIS | |
Cnuka 2-4: JluneapHa 1 HellMHeApHA PerpecHja ca HO‘Tl‘IOpIIHM BeKTOpHMa [70] e 13
Cnuka 2-5: [Ipukas ctpykrype crabna omnyke [63] ... et erenteneennenaeen s s nn s aennnaeeueenseeneens L
Cnuka 2-6: [Ipuka3 cTpyKType ciaydajHe Hryme [77] eereerrererenssnnnaeennnnaes 1D
Cnuka 2-7: [Ipuka3 cTpyKType eKCTPEMHOT TpajiHjeHTHOT GyCTa [79] cererrereerernnsnnnnes 10
Cnuka 2-8: Knacudukarnuja Heyporckux mpexa [80], [81]..ooeveiiveraieceeee 17

Cnuka 2-9: BpemeHncka nenrta ny0iaukanuja u3 oonactu Heypom:lmx M‘pE)Ka npema [82] .17
Cnuxa 2-10: Ilopeheme npHpoJHOT M BEIITAYKOT HCYPOHA 110 BUXOBO] CTPYKTYpH [86], [87]

Cnuka 2-11: Onmry npukas ctpykrype notmyHo nose3ane ANN [63] ... 19
Cnuka 2-12: UnycTtpanuja npeodyueHocTH (3eneHa J'IHIIHja) Hﬂ,OﬁpOF YKITanama moJ1 yTHIajeM
perynapusanuje (Jby6ndacTta THHHjA) [92] covvvenrie e .21
Cnuka 2-13: [lopehewe HopManuzanuje Ha 111»1130y cepHje M Ha Imnoy c.nola [57] [lOlSJ [107J
Cnm{a 2 14 AKTHBaHHOHe Cl)yIIKI_IH_]e [IOSJ 25
Crnuka 2-15: CTonma ydema mHpeMmana CTONA Y4dema (a), ONTHMANHA CTONa ydemba (() H
npeBenuKa crona yaema (8) [109].....oovveveceennen, . . - .27
Cnuka 2-16: Pa3nuuuTi BUAOBH npomene cToTE yquLa TOKOM npoueca ’Ipelmnra ...28

Cnuxka 2-17: [lopehewe ontumuszauyje dynkiuje rybuTka 3a 4MTaBy cepujy (rmaBa nyraILa),
MHHH-cepHja (I]pBeHa MyTamka) H CTOXaCTHUKH IPaJHjeHTHH cIycT (3eneHa nyTaILa) [110].29

Cnuka 2-18: Jlokanan n rnobanay MUHEMYMH QYHKIHE [112] .. 30
Cnuka 2-19: Lasso (L1), Ridge (L2) n Elastic Net (L12) per‘ynapmauﬂja [1 14J — ] |
Cnuxka 2-20: YTunaj Hopmanusaluje ¥ cTanapansannje Ha nogatke [126] ... 36
Cnuka 2-21: Ilonena guctpudyuuje obenexja Ha kBapTHiIe [128] .coocoiveievieiecrerccenn. 37
Cnuka 2-22; OcHOBHE KaTe€ropHje NoTpoirada y enekrpo Mpesku CpoHje .....oeevverrecvevnen. 37
Cnuka 2-23: I'pyne noTpoinaya mupoke TOTPOUIRE ... ettt er e et e s e ene e ene en s e aen e 9D
Cnuxka 3-1: Hnyctpauuja npee dase y ME’TOI[OJ'[OI‘PI_]PI SNSRI )
Cnuka 3-2: Unycrpanuja aza y okBUpY MeTO,L'[OJ'IOFPI_]e 3a npe;:muhau,e MECEYHHX l'IOTpOI.LIILPI
€NeKTPUYHE EHEePTHj€ 3a CBE MOTPOLIAYE .............. .43
Cnuxa 3-3: Mnycrpauﬂ_]a ¢aza y okBHpY MCTOHOJ'IOI‘H_]S 3a npe;LBHlJaILe MECEYHHX l'IOTpOI.LIILH
eNeKTpUYHE eHepTHje 3a oApeheHH KIacTep MOTPOIIAUA. .. c.. o cveue e eeee eere e e e e .44
Cnuka 3-4: Jlujarpam ToKa HCTpaKuBama .. .45
Cnuka 4-1: Onnoc 6poja noTpouada npemMa 30HH Y K0jOj KHBE . .46
Cnuka 4-2: CTaTHCTHYKH Nogany: ogHoc Opoja nomahmnHcTaBa y r‘pam:l{o] U anr‘pa;LCKOJ 30HU
Ha TepUTOpHjH rpaga Yixkuma [135]... .47
Cnuka 4-3: Onnoc Opoja noTponraua npema KaTeroijH HOTpomaqa.....................................47
Cnuka 4-4: OnHoc Opoja HOTPOLTAYA TIPEMA TPYTIH .. c.eeueareeeusasasnraseaeneeeeennenssnnens .48
Cnuka 4-5: BaxxnocTt obenexja y HHULMjaTHOM cxyny nojaTaka.. .49

Cnuka 4-6: Jlujarpamu npahelmx METpHKA TOKOM TIpolieca oﬁyanalLa HOJIA3HOT MoJieNa ANN
HA UHULHJATHOM CKYITY TIOJATAKA ..o oooeoeee s eeeas oo s eee e s e eseeeas s eeeae oo e e e emene e e eeeee .50




Hpazana Knexceguh [Hoxmopcra oucepmayuja

Cnuka 4-7: [logena Meceny Ha roJuIIka o6a ca IPOLEHTYATHHM YAEIOM Y TOTPOLIBH. ... 51
Cnuka 4-8: Konaunu ckyn o0enesxja jopMupaH y NPBOj (PasH HCTPAKHBAIDA «....eveevversrrvnenes D2
Cnuka 4-9: Pacniozena BpeAHOCTH Ha HUBOY CBAKOT HyMEPHUKOT O0enexkja ............ .33
Cnuka 4-10: [Topamm y u3BopHOM O0NUKY (HACYMHYHH H3BOM U3 CKYTA TOIATAKA) -...evevveenne 35

Cnuka 4-11: Ilonanym HakOH KOAHpama (HACYMHYHH M3BOJ U3 CKYTA HOJATAKA) ..evevvversrrvrenes D0
Cnuxka 4-12: Ilogauyn HaKOH KOOHpamka U CKaTHpamba (HacyMHqu H3BOJ U3 CKYMa no;:LaTaKa)
Cnm{a 4 13 Kopenauﬂ_]a oﬁene)lqa y cxyny MojIaTaKa jaTa npeKO TOTIJIOTHE MATIe . ....59
Cnuxka 4-14: Yxynna notpousa U Opoj MEpHHX MeCTa IO MecenrMa 3a nepuo,u on ‘-IeTHpH
TOJAMHC (MHHLIHJAITHH CKYTI) ..evvereeeveecvaeeee er e SRUTORRUPIN s ...60
Cnuka 4-15: Ykynua n01p0m1La " 6p0_] Meplmx MecTa [0 MeceluMa 3a nepﬂon on ‘-IETHpH
roauHe (puHanHu ckym) [54] ... e eeenr e s ...61
Cnuka 4-16: Yxynna r[mpOLmLa 10 TORHIILHM ,uoﬁnma (nocma’rpano cymapno 3 ‘-IeTHpH
1031115 (=) DSOS SRSS .61
Cnuxka 4- 1'}" YKymla nmpomma 10 MeceruMa y rOJUHH (nocmanaHo cymapllo 3a ‘-IETHpH
TOIIHE ). .o eevee e eeeees e eaeeneeee e esaesaesaeseenn .62

Cnuka 4- 18 l'lmpomma npema KaTeropH_]H nmpomal[a (cymapno MO TO/THITHRHM ,I[OGHMR) 62
Cnuxa 4-19: ITotpommsa npeMa KaTeropHjy noTpourada (CyMapHO o MeceLliMa y ToJHHH) 63
Cmuka 4-20: a) VYrnopeiHd TpUKa3 OCTBapeHE TOTPOIIE 3a CBAaKM  MECell
b) [Ipuka3 6poja ounTaBama Opojuia M OCTBAPEHE MOTPOILILE MPEMa KATETOPH|H MOTPOIIAYa

Cnm{a 4 21 Pacnone.na rpyna MOTPOLIAYA IO KATETOPHJAMA w..evvveeraervnrvraesneneanenseesnensesneens OF
Cnuka 4-22; I'pyOu npuka3 apxUTEeKType IPEIJIOKCHOT MO,E[C.Ha............................................65
Cnuka 4-23: Ilpomena cTone yuema TOKOM €M0Xa . e e w06
Cnuka 4-24: BaskHocT o00enesxja 3a peauKIujy nmpomu,e eneK'IquHe EIIepI‘H_]e .....08

Cnuka 4-25: [lujarpaM TokKa TpeJIOKeHEe METOAOJNOTHje HCIHTHBAabA yTHua_]a WNL
CKpHBEHMX ciojeBa [144] ......cceeeen SO O PO UPRRURUPRUPPRPORY 1)
Cnuka 4-26: ApxuTekTypa npe;mo;xenor Mojena (THH 1) [l44] wreenen 10
Cnuxka 4-27: Koedunujent netepmunanyje (a), KOpeH cpeiibe KBaﬂpaTue r‘pemxe (6) U cpeﬂu,a
IpocedHa ancoyyTHA rpenka (B) 3a cueHapHo 2 + Mojen Tuna 1 (Mogen ca 85 HeypoHa) ....
Cnuka 4-28: IIporpamcka mtamna (mema) apxutektype ANN tHna 1 (a) U THna 2 (6) (cnyqaj
ca 85 HEYpOHA Y CKDUBEHHUM CIIOJEBHMA) ...vevveeurerrreneeeneraenns .13
Cnuka 4-29: [Iporpamcka mrammna r[apameTapa ANN mMmogena Tuna 1 (a) W MOJIeNa THIIa 2 (6)
(cmyudaj ca 85 HeypoHa y CKPHBEHHM CIIOJEBHMA) ............. .74
Cnuka 4-30: bpoj enoxa 3a cBak# 07 cueuapn_]a,fmonenahnnona KO,ElPlpaILa " 6p0_|a Ileypona y
MpexH [144] ... I .15
Cnuxa4-31: Pacnonena npe;[HKuHJa noﬁnjena I{OMGHIIaLIH_] oM r[p1301“ cuenapH_]a 1 MOjiena THra
Cnuka 4-32: Pacnonena npeAuKnHja HOGH_]eIIa KOMGHHauH_] OM IPBOT ClICHapHja H MOJeTa THIA
Cnuka 4-33: Pacnomena npenHKqua Jo0HjeHa KOMOHHALIHjOM APYTOr cuellapﬂja U Mojiesa
THHA | o . e e e .. 76
Cnuxa 4 34 Pacnone.ﬂa HpenHKIHja ,ZlOGPI_]eIIa KOMGHHauHJOM JpyTor cILcHapHja W MOACIa
THHA 2 ........... s - s 17
Cnuka 4 35 ldnympauﬂja MeceuHe nmpomu,e TOKOM quHpH nocma”[palle roguie 3a 10
HACYMUYHO 01afpaHMX NOTpoIIada y OJHOCY Ha TpocedHe MeceyHe TeMIepaType Y HCTOM
HePUOY .. S . vt e s

Cnuka 4- 36 ,ELHJarpaM TOKa aKTHBHOCTH y H3pa;u»1 U OLEHH MOJena Io an3ama (npema
METOA0NOTH|H TipeacTabeno] y 3.3.1, Crmuka 3-3) [54] .o 81
Cnuka 4-37: MnycTpanuja apxurexType npe/noxkeHor Mmoiena b (c]Ja33 03 Cnm{a 4 36)




Hpazana Knexceguh [Hoxmopcra oucepmayuja

Cnuka 4-38: Pacnogena noTpomaga 3aBUCHO Of] THIIA KIACTEPOBABA [54]...ocvievrerirrinenn. 82
Cnuxa 4-39: Monen 3a knactep jeaHor mecena (a), KiaacTep jeJHOT TOJUIILED noGa (6) u 3a
CKYT Y LIENIOCTH (B) — MOJEN A oo ceeee. 34
Cnuka 4-40: Mopnen 3a K.Hacrep Jenuor Mecela (a) KnaCTep Jennor TOJTHILIHLET noﬁa (6) U 3a
CKYT Y LENOCTH (B) — MOJen b .......... eeer e i st snaen e nn e e nnnes O
Cnuxa 4-41: Monen 4 (a) m Mmoaen b (6) CTPYKTypa cJI0jeBa... - weeeen 85
Cnuka 4-42: Ilporpamcka mTaMma CTPYKTYpeE CllojeBa ca 6p0_]6M napame’rapa MOAEeN A (a) "
Moaen b (6).... ...86
Cnuka 4-43: Cpe;m;e Bpe,ELIIOCTH MAPE(%) 3a CBE nomomaqe y TecT CKyny (ynope,uo 3a CBaKH
KJIacTep M CKyTl y LIeNIocTH), fo0ujene momohy Monaena tiuna A u Moaena Tuna b [54].........89
Cnuka 4-44: [Ipunarohenu xoeuujeHT neTepMHHaque (AR®) 3a cBe KnacTepe u Mojee (4
ub).. SR .90
Cnuka 4 45 ,ELH_]ar‘paMH npahelmx Me‘TpHKa TOKOM npoueca OGyHaBaILa Mojena A ....91
Cnuka 4-46: Jlnjarpamu npaheHnx MeTpHKa TOKOM Mpolieca 00y4aBama MOJENa b92
Cnuka 4-47: Ynopeanu mnpuKa3 CTBapHHX NOTPOLIM M NOTPOLIBH Mo Moxeny 3a 30
HACYMHYHO 0J]a0paHHX MOTPOIIAYa .. S .93
Cnuxa 4-48: Cpenme BpeaHOCTH MAPE(%) 3a _]EI.[IIOF HacyMHqur l'IO‘TpOI.LIa‘-IEl ILOGH_]BIIE
nomohy Monena Thma b, 3a CBaKu THI KJIACTEPOBamba U CKyH Y HENOCTH [54] .....vevvevverneen. 94

Cnuka 4-49: Bpoj nana npasHyuka o MecelMMa, 3a TOCMaTpaHH NEePHOJ 0 YETHPH TOAHHE 99
Cnuxa 4-50: Ykynan 6poj HepaJHMX JaHa I10 MecelluMa, 3a TocMaTpaHH NMEepHoi Of YeTHPH

TOJTHHE .. . .. 100
Cnuka 4- 51 ,[lH_]ar‘paMH npahelmx METPHKA TPeI0KEHOT ANN MoJ€ena HaJ CBUM IOJalHMa,
ca JonaTtHuM obenexjeM (,,Hepaanu ganu®) ............ wereneeeenneniesnneneennnensnenes 102
Cnuka 4-52: Jlujarpamu npaheHnx MeTpHKa 3a any rpyny MECELIH .. cereremrenanameneneenes 103
Cnuxa 4-53: Jlujarpamu npaheHHx METPUKA 33 IPYTY TPYITY MECETIH - eevreceneneeneemaeeneecenene 103
Cnuxa 4-54; Jlujarpamu npaheHnx MeTpuka 3a Tpehy rpymy MeceuH ................. ... 106
Cnuka 4-55: Ilotpomaun npema 30HaMa (BUCHHH) TOTPOLIILE ... .. 108

Cnuka 4-56: [IporpaMcka mtammna apxuTeKType Mojiena 3a npenBHhaILe 30He nomomme 108

Cnuxka 4-57: Ipjarpam mpenu3HocTH MoJeNna Ha TPEHUHT ¥ BaTHIAHOHOM CKYIY ............. 109
Cnuka 4-58: IlporpaMcka mramna pe3ynrata NpeJHKIH]e TOTPOIAYKE 30HE .....ccveevveernnnen 109
Cnuka 4-59:; Matpuna kondysuje 3a npeasulame 30HE TOTPOIILE............... .. 110
Cnuka 4-60: I[Iporpamcka mwTammna (IeMa) apXUTeKType Mojena 3a l'[pe,ElBHl]aILe CE30HCKHX
[IPOMEHA....... e et e eh e hea et e e e s e 2 e s et e naean . 111
Cnuxa 4-61: l'[porpamcka IITaMIIa pe3ynTaTa IpeIHKIHje Ce30HCKUX rrpomena (ronpmnmx
b (11572 ) [OOSR . rareranraeraranant e eean e 112
Cnuka 4-62; ,[lHJar‘paM npeumnocm Mojena Ha TpeIIPIIII‘ 1 BallMJall OHOM c1<yr[y . 112

Cnuxka 4-63: Marpuna xoudysuje 3a npeaBuhame ce30HCKHUX TpoMeHa (TOINIIBIX ﬂoﬁa) 113
Cnuxa 4-64: I'pyOu npukas apxurekType an.nHKaque 3a npeABHNambe TOTPOIILE SNCKTPHYHE
eHepruje [54]... SRRSO e e .. 115
Cnuka 6-1; lflnyt:’[pauﬂ]a Moaena ANN 3aCHOBAHOT Ha l'l‘pHIILIHl'[y Monynapuocm cererreen 118
Cnuka 6-2: Ilporpamcka mTammna (mema) apXUTEKTYpe MOJeNa ca [BE YJa3He TpaHe

METEOPOTIOIIKHX H IPYTHX OOCTIEIK]A 1. e vrseneeeeuereer ereneenseeen eransenmesasns ernsenmre sneerneenene .. 119
Cnuxka 6-3: [Iporpamcka mtammna napamerapa MoJeia sa /e OIIBOjEHE ya3He rpaHe........ 120
Cnuka 6-4: Koeduuujent nerepmunaimije (R*) 3a Mojen ca Be yJIa3He TPAHE ................. 121
Cnuka 6-5: Kopen cpenme kBanpathe rpenike (RMSE y kWh) 3a momen ca nse ynasne rpane

121

CJ‘IHKa 6 6 CpemLa HpOCCHHA alCcOIyTHA FPEIIKa (MAPE) 3a MoJieI ca B¢ ynasHe rpaHe 121
Cnuka 6-7: JujarpaM cTBapHUX M BPeIHOCTH 110 MOJENy (Mofel ca MapajielHHM Cl0jeBHMa,
JIBE TpaHe W J1Ba yna3a) —3a 100 moTpomaya U3 ckyna HaCyMUYHO 0Ja0pPaHUX ..........c.c....o. 122




Hpazana Knexceguh [Hoxmopcra oucepmayuja

Cnuka 6-8: [lporpamcka mrammna (mema) apxuTeKType Mojeda ca [Be yliasHe TIpaHe

HYMEPHYKHX M KaTETOPHjCKUX 00EIEKja . ouvevveenee. .. 123
Cnuka 6-9:Koeuimjent gerepmMunanyje (R ) 3a MOJIENI ca JBE yna3ue r‘paue (I[yMepH‘-I]{HX "
KATETOPH] CKHX O0CITENK]A) wveveeenernerenenen .. 123
Cnuka 6-10: Kopen cpenme Knaﬂpa’me r‘peu_u(e (RMSE y kWh) 3a MojieJI ca JBe ynaslle r‘palle
(HYMEpPHUYKHX H KATETOPHJCKHX O0CHEM]A) +ovvervrenrrenecvnrvannans .. 124
Cnuka 6-11: Cpeama NpoceHa ACOIyTHA I‘peI.LIKa (MAPE) 3a MOJEN ca JBe yname r‘palle
(HYMEPHYKHX H KATETOPHJCKHX OOCTIEIGA) «oenvervenrnneenaeemeeeereaesanseasserasaseensereennsnssneecsnensecnnens 1 24

IMonuc Tabena:

TaGena 1: Pesynratu gobujenn ynorpeboM HEKOJIIMKO TEXHUKA MAIIMHCKOL YYEHba .............49
Tabena 2: Pesynarati 1o0HjeHH pa3MMUUTHM cLigHapHjuMa 1 THHOBUMAa ANN ... 71
Tabema 3: ITopeljeme pesynrata npemnoxeHor Mojena ca pe3ynTaTHMa Apyrux TexHuka ML
TaGena 4 Ocuomle Kapamepncmxe HOTPOIIAYA YHj€ CY IOTPOLIHE Hﬂycmonane Ha cnenehol
cmuiu (Crnuka 4-35) ... e ae s rrreeereaeenenerane s rsaessaeersaserenes B0
Tabena 5: [Topeheme MeTpHKa 3a lTpBPI THI KJ‘[aCTepOBaILa [54] ST . ¥ |
Tabena 6: [Topeheme MeTpHuKa 3a Ipyru THI KJIACTEpOBamka [54] ... 87
TaGena 7: ITopeheme meTpuka 3a Tpehu THI KIACTEPOBABA [54] ..ovvevve v ...88
TaGemna 8: ITopeheme MeTpuKa 3a 4eTBPTH THN KIIaCTEpPOBamba [54] SEURURUPTURUPRRRRUPTIY . 1
Tabema 9: ITopeljeme pesynrara apyrux Texuuka ML ca pe3yn‘ra’rm1a npenno;xenor Mojena
38 TIPBH THI KJIACTEPOBADA ....cvvevee e eree e . .95
Tabema 10: [lopeheme pesynrtaTa pyrux TeXHHKa ML ca pe3yNTaTHMa IPeIOKEHOT MOoJeTIa
3a APYTH THI KJIACTEPOBADBA ....vvvoeeee e creennnn. 90
Tabena 11: [Topeheme pe3ynTaTa npymx TEXHHUKA ML ca pe3ymamma npenno;xenor MoOJEena
3a Tpehu THI KIIacTEPOBABA......vee e .. .97
Tabena 12: Ilopeheme pe3ynTaTa ;prmx TeXHHKa ML ca pesyma’rﬂma rrpe;:mo;xeuor MoJena
3@ YETBPTH THII KIACTEPOBABA ..o . v s cererrnennn. 98

Tabema 13: Pesyntatu ucnurusama yTHuaja 6p0ja Hepammx JaHa H3pa)!<elm npeKO MeTpHKa
eBANYATT]E ANN MOJIEIA . ..ot ettt e e s e sa e e ene e e ea emnnnnnennnnceannacnnnns 1O T




Hpazana Knexceguh [Hoxmopcra oucepmayuja

1. YBOJHA PASMATPAIbA

Cse je eBHISHTHH]H BPTOIJIABOT Pa3B0j KAKO TEXHHKE H HayKe TAKO H APYIITBA Y TIOOATHOM
cmuciy. OOsmpom pma pactyha ceBercka nomynauuja y3 npatehn TexXHOJIOWIKM pasBoj
JONPHUHOCH oBehaHO] NOTPaKIbY 32 eNEKTPHUHOM eHeprujoM, pa3Boj e(puKacHOT H OY3AaHOT
CHCTEMa 3a MOAPIIKY MIaHUPaby TOTPOIIILE eNeKTPUIHE eHeprHje MocTaje jeaHa o KJbYYHHX
TeMa faHalmbHIe. PapHoTexxy m3meljy yBehaHe noTpourme 1 norpede 3a yIITEIOM eNeKTPHIHE
eHepruje Moryhe je ycnocTaBUTH PaBUIIHOM TPOLIEHOM ITOTPOLIELE Y PEATHHM CHCTEMHMA.

Mo:xke ce pehn fga mporHosa NOTpoLILE eNEKTPHUHE €HEepruje HemnocpefHO YTHYEe Ha
H0Y3JaHOCT y cHa0leBalby LEINOKYIIHOI CHCTEMA IUTO HNOCPEJHO JOHPUHOCH CTA0MIHOCTH
jelHe 3eMJbE Y CBAKOM a OCEOHO Y EKOHOMCKOM CMHCITY.

Y oBoj auceprauuju Omhe npeacTaB/beH NPOTPaMCKH OKBHP 3a MOJAPIIKY TpeaBHhamy
HOTPOIILE allH U MIAHUPamy MPOH3BOALE ENEeKTPHUHE eHepruje, TeMe/beH Ha TeXHHKaMa
MAIITHHCKOT yuema.

Bemrtauke HeypoHCKe Mpeske, Kao jefaH of Hajdelrhe kopuimheHHX alropuTamMa MallMHCKOT
yuema, ca BENMKHM YCIEXOM Bplle MpeiBHbhame M aHANU3y MojaTaka y pasTHUMTHM
obmacTuma. PasBHMjeHH mporpaMckd OKBHp 3a mnpeiBuhame H INIAHHPAmke MOTPOIIILE
eJIeKTpHUYHE SHePrije 3aCHOBAH je yNIPaBo Ha HEYPOHCKUM MpeikaMa. Y 0BOM KOHTEKCTY MOJEN
HEYPOHCKHUX Mpexka Tpeba Aa Oyae y cTamy Ja y3Me y 003up HajpasnuuuTHje (pakTope Koju
YTHUY Ha HOTPOILILY eleKTpHUHe eHepruje, MPeTBOPH UX Y KOPHUCHO 3Hame U Kao pe3ynTar
TOra NpY>KH BHCOK CTeNeH MPeLH3HOCTH H T0y3AaHOCTH Yy NpeABHhamy NOTPOILH 3a CBAKOT
HOTpOLIAYa T0jeAHHAYHO.

IlpeTxomHA HCTpaKHBama Cy ce YIIaBHOM OaBHia mpefsHhambeM MOTPOIILE eIeKTPHYHE
eHepruje Ha KPaTKOPO4HOM HUBOY, MPOLeYjyhH NOTPOLIkhe Ha HEKOM OTpaHHYSHOM, MamheM
IpOCTOPY U TO 32 HapeIHH caT UM JaH.

Ilpeneuhame NOTpollke M MIAHHpambe NPOM3BOAE €IEKTPHUHE eHeprHje cy Hajuenthe
CHUMYJITaHH MPOLIECH U OJIBHjajy Ce Y OKBHpPY jeIHE OPTaHU3ALMOHE jeAMHMIIE TIpeay3cha Koje
ce 0aBM NIPOM3BOAKOM U TUCTPUOYIIHjoM HcTe. Mel)yTiM To cy unak aBa oJBojeHa npoleca 1
Mehy HBHMa TIOCTOjH 3HauajHa pasnuka. [Inanupame nogpasymMeBa HH3 ONEPATHBHHX
cTpaTeruja Koje 3aBuce oa npeasuhama, A0K je npeasulame NpoLeHa pe3yaTara 10 KOjUX ce
Jl0J1a3y peanu3alijoM Hekor muaHa [1].

Tema oBe qUcepTalHje jecTe NPOLeHa MeceuHe TIOTPOIILE eNeKTPHYHE eHEPTHje U TO HA HUBOY
jennor Beher nojpyyja, TauHKje, HA NOAPYYjY jeqHOr Tpaga. Kako ce morpourmke obpadyHaBajy
U Hanahyjy Ha MECE4HOM HHBOY, NMOCTOJH M ONPABIAHOCT Y MPOLIEHH TOTPOLILE HA UCTOM
TOM HHBOY.

1.1. MoTuBanuja 1 npeaMeT ANcepTannje

Ca yOpzanuM pa3BojeM ApYILITBA M [10jaBOM HHOBAaTHBHHX, NaMeTHHUX ypehaja y mocneamux
HCKOJIMKO JCLCHHja, APAMATHYHO PacTe M MOTPOLIbA CICKTPHYHC CHEpruje. YMopemo ca
PacToM NOTPOLILE PacTy M MAKPOSKOHOMCKH TPOLIKOBH YMHEhW JOJaTHH NPUTHCAK KaKo Ha
NpOM3BOJHE, TAKO M Ha AUCTpuOYTHBHE koMmanuje. Pememe oBHX mpobiema OM ce Morio
noctuhy pa3BojeM HOBHX METOMa 3a MPOLEHY NOTPOLIke eIeKTPHUYHE eHepruje a THMe U
HPOLICHE HCHOT ONTHMAIHOT HHBOA IITO YHHH TCMCJBC MOTHBAIIMjC OBC AUCCPTALH]C.
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Kao jenno ox moryhux pemema, HcTpaxyje ce MPHMeHa TEXHHKA MAIIMHCKOT yuewa Y IHbY
HpOLIEHE MECEYHMX IOTPOLIBH ENeKTPUYHE eHepruje, mwTo O6uM game oMoryhmno meHo
npaheme u npensuhame. L[k je ycmocTaBUTH TakaB cUcTeM Koju he omoryhurn npeasuhame
3a oApelen HapeIHM epHO] He camo 3a nocTojehe Beh U 3a cBakor HOBOT MOTpoOIIAYA.

[lpousBoama enekTpuUYHE €EHEpPrHje je cTanaH, KOHTHMHyalaH TMpoIec KOjH aHraxyje
pasHoBpcHe pecypce. ¥ CpOuju mocToje [Ba OCHOBHA HAYHMHA TPOM3BOLE EIEKTPUYHE
eHepruje: y XHUApOLEHTpaTaMa M TepMoenekTpaHama. lako xujpoleHTpale KOpHCTe
0OHOB/BHBE M3BOPU €HEPTHje, jOLI YBEK BEIHMKH YAE0 Y NPOU3BOAIBH €IEeKTPHYHE EHEpruje
MMajy HeoOHOB/BMBH M3BOPH. Y NPOTEKINX JeceT rOAuHa, MPOCeYHa TOAUIILA IPOU3BOAILA
enexktpuune enepruje y CpOuju m3nocuna je roroso 35.000 GWh enexktpuune eneprije.
[TpousBoany kanaunuTeTH KojuMa ynpasiba npenysehe , Enextponpuspena Cpouje™ (EIIC) cy
ykynue cHare 7.855 MW, op Tora, y TepMoenekTpanaMa npou3seae ce oko 62% eneKTpuyHe
eHepruje, 10k ce oko 38% goduja m3 16 xuapoenexTpana (Cnuka 1-1), [2]. Cse To nojayaBa
noTpeby 3a pemraBameM NpoOiema IUIaHUpama MPOU3BOAILE M TMOTPOLILE eNeKTPHUHE
eHepruje.

TepmoenektpaHe XuapoenektpaHe

MTE ,Hukona TecnaAuBb” W XE hepgan”

M, BnacvHcke xmgpoenerTpase” w XE

SMNupot”
wOpuHCKo-Mumcre XE”

FITE ,Konybapa” w TE ,Mopasa”

M TE ,Koctonau A w B
¥ Mane XE

MITEWTE-TO ®XuwapoenekTpaHe

M NaHoHcke TE TO (TepmoenexTpaHe
- TOnnaHe)

Cnuxa 1-1: Y aeo Xuapo U TepPMOEIEKTpaHa y MPOH3BOIH eIEKTPHYHE eHeprije

Kako name nognebbe uMa jacHO M3pakeHa TOMIIKA 100a, 0YEKHBAHO je Ja MOTPOIIkA
eNeKTpUYHE eHeprHje MPaTH Te ce30HCKe MPOMEHe U JIa ce Y CKIIaay ca THM MOXe W MITaHupaTH
npous3BoAma. IIpoH3Bogma KOHCTAHTHO BEIHKHX KONMYMHHA €IGKTPHYHE eHeprHje H
NPOM3BOAIA KOJIMYHMHA KOje ¢y y aucbanancy ca notpedama, JOBOAM 10 BEHOr “pacunama’
yciea HeMOTyhHOCTH fa ce McTa CKNagumITH wiH u3sese. Ca Apyre cTpaHe, MPOH3BOIIbA
npeManux KonuuuHa OM pesynTHpana noTpeboM 3a NpPeKOMEPHHM YBO30M eNeKTpHYHE
EHEeprHje U Y Kpaj’beM CIydajy yCIOBHIA peCTPHKIHje ¥ cHabAeBamy KpajlhHX NOTpoIIaja.

Yenocramaise paBHOTeXKE H3MEDy NPOM3BOHE U NOTPOLILE NpeacTasba yiEaso jenan on
HAjTeKHX 3a1aTaKa ¥ MOJCTHUE NMOoTpedy 3a MIaHCKOM Nnpom3BoamoM. Kako OM miuanupame
NPOHU3BOJILE EAEKTPHYHE eHepruje OMI0 W3BOAJBUBO, HEONXOAHO j€ YCIOCTABHTH aeKBaTaH
CHCTEM TIPOLIEHE HEHE ITOTPOIILE.
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Iopen npobneMa NPOUCTEKIINX M3 JOCTYIIHHUX H3BOpa €HEPruje, jefaH of CTATHO MPUCYTHHX
npobieMa jecTe M mnojaBa IryOHMTaka eIEKTPHYHE SHEPrHje Ha INTa YTHYC BHILE Pa3IHMUMTHX
daxTopa M HeepHKACHOCTH Yy LEMOKYMHOM IaHILY NPOM3BOAI-E, AUCTPUOYIHje amu H
HOTPOLIILE eTEKTPHYHE eHepruje. Y ToM cMHUCITY ce Ipeno3Hajy JBe OCHOBHE BpcTe ryOuTaKa:
TEXHHYKH 1 HETEXHHUUKH I'yOHIH.

Texunuku rybuuu HacTajy y CBUM eleMEHTHMa JHCTPHOYTHBHE MpEXke 0K Ce HETeXHHUKH
ryOHIH jaBibajy ycliel HecaBeCcHe NMOTPOLIE eNeKTPHYHE eHeprije of CTpaHe MOTpolaya
(xynaua enexktpuane eHepruje). Kako Ha oBy BpcTy rybuTaka yTHue ayradak Hu3 hakropa U3
LeNOKyNIHe JUCTPUOYTHBHE Mpexke, Ja/bke Ce MOXKE pa3lTHMKOBATH BPIIMTH TIOJe€Na IO
paznUINTUM KpuTepHjymuma. OcHOBHA NofleNa TeXHHYKUX I'yOuTaka O1 OHMila Ha cTanHe U oHe
KOjH ce jaBsbajy moBpeMeHO. CTanHW ryOMIH NOCTOj€ HE3aBHCHO OJ KOJIMYHHE MOTPOINHE
eNeKTpPUYHE EeHEepruje, OJHOCHO omnTepehema IUCTPUOYTHBHE Mpeke MOK Ce TOBPEMEHH
jaBibajy caMo ako (kaja) MOCTOjH TOTPOIIMkA €NEKTPHYHE €HEpTHje, OMHOCHO onTepeheme
aucTpuOyTHBHE Mpexe [3].

Ha cTpanu nmoTpomada gonasd Ao ryduTaka Hajuenrhe ycneq HepallOHANHE MOTPOLIE, Tj.
HermoTpeOHOT YKby4uHBama ypelaja unmu pacsete. OBO ce 0THOCH U Ha ypehaje 10K cy y cTamy
MHpPOBaha Kaja U Ja/be TPOLIe MATy alli He ¥ 3aHeMapJbHBY KOIHYHHY eHepruje. Jou jeman
0J1 Y3pOUHHKa HCTUIAaHHPAaHC M HeNOTpeOHEe MOTPOLIBE HAa CTPAHM MOTPOIIada jecTe M JIolla
TepManHa H3ojalHja y JoMahHHCTBHMa, TOce0HO OHHMM KOja eNneKTPHIHY eHepTrHjy KOpHCTe 3a
rpejame y 3UMckuM H Xnaleme y nermuM Mecenuma. [Topen nomahmucraBa, 3nadajne
HOTpoIIaYe MpeCcTaBbajy M MOTPOIIAYM M3 KaTeropHje KOMepLMjalHWX MOTpolIada KojH
MOCCAYjy CICKTPUYHE ypchaje YMju MOTOPH MOTY TCHCPHCATH PEAKTHBHY CHCPrHjy Koja He
JONPHHOCH KOPHCHOM pany ypehaja Beh onrepehyje enexrpuuny mpexy. TakBa noTpolieHa
eHepruje J0JaTHO OTekKaBa OJip:KaBambe cTabUIIHOCTH Y peJOBHOM CHabeBamy .

Crora je 3a MpaBUIIHO ¥ HECMETaHO CHa0/IeBaIhe ENEKTPHYHOM EHEPTHjOM O KJbYUYHOT 3Ha4aja
Pa3Boj NOY31aHOr CHCTEMA 32 NPEIUKLH]Y HBeHe NOTpollmhe [4].

YnoTpeboM TeXHHKa MAIIMHCKOT YUema Y Ipollecy NpolieHe MOTPOIlhe eNeKTPHUHE eHeprHje
Ha TEPUTOPH| U jeJHOT Tpaja MMa BaKHY yIOry U GeHeduTe KOjH ce MOTy NOBOJLHO OfPAa3HTH
Ha enepiffffcku cextop umurase 3embe. Pa3sBoj NpelM3HMX M MOY3JaHMX MOAENA y LHIbY
HPOLICHC MECCYHE MOTPOIILE CACKTPHYHE CHEPTH)C j¢ Off H3Y3CTHE BaXKHOCTH 3@ IIAHHPAILE H
yIpaBbakhe EHepreTCKUM pecypcHMa Kako Ha JIOKaTHOM Tako M Ha IIo0alHOM HHBOY.
OnpaBgaHoCT TpolieHe MOTPOLILH eeKTPUUHE eHeprije Ha MeceuHOM HUBOY MPOHCTHUE U3
4YHIBEHULIE 1A ce U 00pauyHaBame U HalIahnBame BPIITH HA HCTOM HHBOY.

Ca pasBojeM IpyIITBa pacTe M MOTPOLIba eNeKTPUYHE EHEpruje na je M3y3eTHO TEelIKO
npeasuaeTH Oynyhe morpomme. Jenan on HajBehux n3a3oBa u npobiema y TOM IpOLECY je
HpoHANAKEhe HAjyTHIAJHUjUX KapaKTepUCTHKA TOTpollada all H OKPYXKema y KOMe ce
noTpouayd HanasH. [pyru npobnem koju ce jaBba Beh y (pazu npukynbama nojaraka, jecTe
cama cTpykrypa nffiaraxa. ITonaun koju umne 6asy nojataka AMCTPHOYTHBHMX KOMIaHHja
4ecTO KA0 TAKBH HHCY JOBOJGHH 32 Pa3BOj TMOY3JaHOT NMPEIUKTHRHOT Mojena. Y OKBHPY
HCTPAKHBAIGA YHjH Cy Pe3yNTaTH NPHKA3aHH y AMCePTallMjH, JaT je MPeasor ajanTaluje
noctojeher ckyma obenexja, jomr y ¢asu npumpeme nogataka. [locTymak amanTtanuje
nogpasymeBa jJa ce IocTojehMM KapakTepucTMKaMa IIOTpolllada MNpUIApYy:ke obelnexja
TPHUKYTIIheHa U3 IPYTHX, eKCTePHUX H3BOPA.

Y cxnagy ¢ THM, AMcepTanuja ce 6aBU pa3BojeM Mo/ieNa 3aCHOBaHOr Ha HEYpPOHCKHM MpeskaMa
ca nubeM npensuhama MecedHe NOTPOLILE eNeKTPHYHE eHeprije MoTpollaua Ha TEPHTOPH)H
rpaja, TCMEJbEHOI Ha CKymy oOenexkja DOOMjeHHX HHTErpanyjoM mnoctojehHx M J0JaTHO
NPUKYIIJbEHHX o0eneskja moTpolada u okonmuHe. [Ipeanoxenn Mojgen Moxe OMTH KOpHCTaH
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anaT 3a AMPEKTHY MpoleHy MOTPOLILE eeKTpHUIHEe eHeprHje Y Ipaackoj CpeauHH, ITo OH
HHIUPEKTHO oMoryhuno Gosbe ynpasibame MOTPOLIHOM H 60Jby HCKopHITheHOCT pecypca Ha
NOCMaTpaHoOM HOAPYYjyY.

Huterpammja obenexja moTpomaya n okonuHe 6u Tpebano aa omoryhn taunnje npeasuhame
HOTPOLILE, C 003UPOM Ha OUEKHBama A2 MHOTH (PaKTOPH, Kao MITO Cy BPEMEHCKH YCIIOBH, 100a
roJHHe, TUI IOTPOIIAYa, MMajy BEJIHKH! YTHIIa] Ha IOTPOLIILY eNeKTpUIHE eHeprHje.

1.2. lperaex cpoAHAX HCTPAKNBAHHA

ITopen Tora mTo yop3aHH TeXHMYKO-TEXHONOIIKH Pa3Boj Ha rNOOATHOM HHBOY HOCIEAHBHX
JelleHHja yCIOBIbaBa cBe Behe noTpolme eNeKTpUYHe eHeprije HCTOBPEMEHO MOTHBHILE CBe
Behu 6poj ayTopa aa ce 6aBe IleHOM IPOLEHOM KaKo Ha MAKPO TAKO H Ha MHKPO HHBOY.

[Toctojeha wcTpaxkuBama mnpucTymajy npobneMmy mpensuhama MOTPONIKE eNeKTPHUYHE
eHepruje ca HEeKOJIHKO CTAaHOBHIITA (oKycHpajyhH ce Ha JBa OCHOBHA eJIeMEHTA: IIPOCTOp Ha
KOMe ce BpmH npeasuhame ¥ BpeMeHCKH MEpHOA Ha Koju ce npeasuhame oguocH. Hajsehu
Opoj mux ce oanock Ha npeasnhame yfpahem BpemeHCKOM NEpHOLY: 32 HAPEHN JaH, CAT WX
qak MuHyT. PesymrarffnocTuraytn Ha Taj HAuMH, 3aCHOBAHH Cy HA MOCMATpALY jeAHOr
CerMeHTa MOTpollaya, Hajuelthe Ha HHBOY jeJHe 3rpaje (II0CIOBHOT LIEHTPA, jaBHE YCTAHOBE
WK cramOeHe 3rpajie) He Mopajy OMTH 0pa3 CTBAPHHUX MOTPOIILU Y AYKEM MepHOTY Kao HH
KapaKTepHCTHKa Pa3HOBPCHHUX MOTpPOIIAya Ha MIUPEM NIPOCTOPY.

Wmnozanran 6poj neTpakuBama Koju ce OaBH OBOM TeMOM Jarupa u3 nepuoja msmely 2006.
n 2018. ronuHe kaga ce apaMatudHo mosehao Opoj McTpaxkuBama 0a3WpaHUX HA ynoTpeOH
Pa3NHYMTHX TeXHWKa MalTHHCKOT yuema [5], [6]. To morephyjy u aytopu y [7] uctnuyhu
3Ha4aj npeaBHlamba NOTPOIILE eNeKTPHYHE eHepruje y3 ynorpedy HOBHX 00HOB/BHBHX H3BOPa
eHepruje. Aytopu y [8], ca ocBpTOM Ha MCTY AeLieHHjY, HCTUUY cBe Behy ojaBy HOBUX TeXHHKa
MAIIMHCKOT yuema y LHHJbY peliaBamba IMMPOKOr CNeKTpa npobdbieMa Y 00nacTH eHepreTcKux
cucTeMa HaBoAehH Kao noceOHO 3Ha4ajHY HCTOBPEMEHY ynoTpeOy BHIIE pasNMMYUTHX TEXHUKA
MAIIHHCKOT yuema M (Taja) HOBHX XHOPHIHHX MOJena.

buno na ce npobnem noTpolbse enekTpUIHE €HEPrUje NocMaTpa ca eKOHOMCKE CTpaHe Kao y
[9], [10] u [11] unu ce TexHMKaMa BeIITauyKe MHTEIMIeHIHje MOKylaBa fohu mo pemema
npobneMa y obnacTH eHepreTcke e(pUKacHOCTH M OOHOBJBMBHX M3BOpa eHepruje [12] mmm
yHanpehema camor npoueca mnorpommse [13] oBa Tema cBe BHIIE NPHBIAYH IAKILY
HCTpaKHUBAYa.

Ienepanno, ysumajyhu y 003up AOCTYNHY JMTepaTypy, H37Baja C€ HEKOMHMKO OCHOBHHX
(hakTOpa KOjU yTHUY Ha HAuUMH Npe/IBMhama: MPocTOPHH (KWK reorpacKi) OKBUPH Ha KOjHMa
ce BpumM npensuhame W BpeMeHCKM HHTepBal Ha koju ce mpeasubame omnocu. Taxobe,
HepeTKo cy ayTopu (oKycHpaHH Ha mpejBulame NMOTpOLILH jenHe ofapeheHe KaTeropuje
noTpolaya, Ha npumep: fomahuncTasa, kao y [13] u [14], uaaycTpujckux notpomaya y [15]
Ay M caMo jelHe BpCcTe eNeKTpHUHHX ypebhaja y ynos3u norponaya, xao y [16].

3aBHCHO 0J mpocTopa U 00MMa y30pKa 3a KOjH ce BpIIM npeasulame, U3aBaja ceé MHOIUTBO
ayTopa KOjH KOpHCTE TeXHMKE MAIIMHCKOT ydema 3a NPEeIUKLNjy HOTPOLILU Ha MpOCTOpY
THTAB OT nﬂoua [17], jenne mpsxase [18], [19], [20], rpama [21], [22], [23], [24], [25], 3a
noapydje jeane tpado-cranuue [26],[27], pxuor nenrpa (28], jaBue ycraHose [29], nociosHe
[30] unu crambene 3rpage [31] nnu yHUBEp3UTETCKOT Hacesba [32].

3aBHCHO OJ1 BpEMEHCKOT OCHOBA, ayTOPH ce 0aBe KPATKOPOYHUM TIpe/IBHhamkeM HOTPOLIELH, O
HEKOJIMKO HapeJHUX MHHYTa 0 HEKOJMKO caTh i nana [14],[24], [33],[34], [35],[36], [37],
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[38],[39],[40], [41], [42], [43], [44], [45], [46], 3a qy>k1 BpEMEHCKH NepHO. (KBapTal, FOJHHY
wny Hu3 roguHa) kao y [18], [19], [20], [28], [47], [48], [49], [50] unu nak Ha MECEYHOM HHBOY
[22], [31],[51],152], 53], [54], [55].

Jla TexHMKE MaIIMHCKOT y4ema, OCebHO BemTauke Heyponcke Mke, HMajy ycrnexa i mpu
pelnaBamy npodneMa M3 JoMeHa KiacH(uKallMje W M3 JOMeHa npeiBubama, Tokasana cy
ucTpaxuBama [21], [56] u [22]. VY [21] ayTopu Bpiie kIacu(pUKaIH]jy MOTPOIIAYA EISKTPHIHE
eHepruje, 10K je y [22] mws npensuhame H3HOCA NOTpolIke enekTpuyHe eHepryje (y kWh),
3a noapyj@lipana nparehy BHX0BE MOTPOLIBLE TOKOM HEKOIHKO rofuHa. OBa HCTpakHUBarba
noTephyjy Ja ce ymoTpeOOM BEIUTAYKMX HEYPOHCKMX Mpeka, MOTPOIIaYM MOTY BeoMa
ycnenmo Kracu@uKoBaTH y oArosapajyhe moTpolnadke rpyne aad M NPEeABHICTH HHXOBE
HOTPOLIILE.

Kacnyje, y [54], ncti ayTopu 1o7a3e 10 3Ha4ajHAX 3a1<ﬂ=yqa1cﬂ ucrudy aa je moryhe nocruhu
jour Gosbe pezynTare mpeaBHljama MOTPOLILH MPETXOTHHM KIACTEPOBamEM MOTpOLIaYa 10
HEKOM OJf HeTHPH MpeaNiokeHa KpHTepHjyMa. AyTopH Hpediaxy Aa ce y CKyly Mogaraka
U3/IBOjE XOMOIEHHje Ipyle HajJ Kojum he ce BpIMTH mpeaBuhame MECEYHHX NOTPOLIHLH
noMohy BelTauKHX HEYPOHCKHX Mpeka 3aCHOBAHMX HAa CIIOjeBUMa ca HopMalH3aljama
TEXHHA U CJIOjeBMMa ca HOPMalH3allijoM akTHBalLMje MPETXOAHOr cioja (00jalmbeHuM U y
[57]). AyTopu cy mokasaiM 1a OBH CJIOjCBH, MMILUICMCHTHpPaHH Yy MOACH 3a Hpcasuhame
NOTPOLLULH ENEKTPHYHE €HEPTHje, Jajy 3HadajaH JOMPHHOC HETOBOj YCHELUIHOCTH HAKo je
IBUXOBa yrnoTpeba paHHje BesaHa 3a Apyraduje BpcTe npobliema (Ha IpHMep, NpoLEecHpame
cimka kao y [58],[59]).

Kaown y [17], [21],(22], [53],[54],[60], [61], [62] y 0BOj IHcepTallHjH MOTPOIILE ENEKTPHIHE
eHepruje ce ODenexke Ha OCHOBY O4MTaBama Opojuna mpaxeHe y kWh.

Y3epumn y 003up nperien JOCTYNHE TUTEpaType U J0OCTYIHHX 00jaB/EHHMX HCTpaKUBaiba,
jacHo je ma pemaBame npobliema mpeaBuhama MECEUYHHX NMOTPOLIBH HA jEJHOM IIHPEM
HoApy4jy TpeacraBiba noccban H3a30B. Pemasame oBOr mpoOicMa 3aXTeBa CariiciaBarbe
BeIMKOI Opoja 4YMHHMIIAlla HCTOBpeMeHO. YmpaBo 300r TakBUX KapaKTepPUCTHKA ¢
OPUTHHAITHOCTH TIpobIieMa, MpeMeT JUcepTallje jecTe NPOHATaXKehe Pellleha 3aCHOBAHOT Ha
TeXHHKaMa MAlIHHCKOT yuera ca MOCeOHHM OCBPTOM Ha HEYPOHCKE MpPEKe.

1.3. llnbeBn neTpazkuBama

U3 cBera nperxoano HaseaeHor yeula ce noTpeba 3a pelraBameM aBa npobnema: yTBphuBame
KapakTepHCTHKA KOje yTH'TY Ha NOTPOLIILY eneKTpH ] eHepruje H ycrocTapsbame CHCTEMa 3a
weHo npeasubhame. CTora, cBpXa WCTPaXKMBamba CE MOXKE IOCMATpPaTH KPO3 HEKOIHMKO
NOjeINHAYHUX [UJbEBA MPOMCTEKIMX U3 JEIHOT MPEBACXOJHOI IIbA: YHANPEIUTH IpOLEC
IIaHUpamka TPOU3BOAKE M MOTPOLILE eNeKTPUUYHE eHepruje pasHOBPCHUX MOTpoMIada Ha
jeIHOM IIHpeM HOAPYYjY, Pa3BOjeM NPEenH3HOT U IOY3JaHOT MOJENa.

Jpyru numeBr aucepranyje HaloBe3yjy Ce Ha YCMNEIIHOCT OCTBAPEa OCHOBHOT LIHJba:

® pa3Boj aIrOpuTMa 3a MOAPIIKY npemmﬂllby MECEYHHX TOTPOLILH EINEKTPUYHE
€Hepruje, MOTOTHOT 3a IMpHMEHY Npd INIaHUpamy M YIPaB/baly EHepreTCKUM
pecypcHuMa Kako Ha jeJHOM y:KeM Tako U Ha IIHpeM IpocTopy;

o omabup ckyna najyfuajunjux obenexkja MOTpOIAYa M CPEAMHE y KOjOj XKMBH,
u3aBajajyhn oOHe KOjH [OONpPHHOCE HajOpeUM3HHjuM npeasuhamuMa MeccuHE
NOTPOLILE ENeKTPUIHE eHEprHje;
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® pa3’BOj apXHTEKType H MapaMeTpHpare Mojesa 3aCHOBAHOT Ha MAIIHHCKOM Y4elby;

e yTBphHBame yCHENTHOCTH U NOY3IaHOCTH pa3BHjeHOT MoJena Kpo3 oaroeapajyhe Mepe
NPELH3HOCTH.

VY cxnany ca muibesuma, Ouhe McTpaxkeHH NOTEHIMjanud TeXHHKAa MAaIIMHCKOT yuema 3a
npeaBulame NOTPOINLN eNeKTPHYHE eHepruje. Y HapeaHoM nornassby Ouhe npeacTaBbeHa
METOJ0JIOTH|a a Yy NOrNaBiby 4 pesyiaTaTH HCTpaXuBamka U oJabup oarosapajyher mozena 3a
IpOLIEHY NOTPOILILE eNEKTPUYHE eHePrHje 3aCHOBAH Ha TEXHHKaMa MAITHHCKOT yUemba.

2. TEOPHJCKH OKBHP

Kana ce roBopu o npeasuhamy OHno koje nojase Hajuelrhe ce Kao pellemne jaB/ba HEKa O]
TeXHHUKa MalIMHCKOT y4ema. Ilojam MamuHckor yuema (eHrn. Machine learning, ckpaheHo
ML) cBe BHILe je IpUCYTaH NOCHEImBUX JelleHH]a, a OCIeAUX TOJHHA HEeroBe MOTYhHOCTH,
Oap Teopujcku, cy HeHaamamue. Ilocebma mpumena ML-a ce cpehe mpu pemasamy
crneun(pHIHHX 3a1aTaKa KOjH npeBasuiase Jbyacke MoryhHoct. C THM y BesH, HajeehH 3Hauaj
ML je y ToMe IITO ce HerOBOM NPUMEHOM MOTY PEIINTH NpobieMH Koje YOBEK 4aK U He Mopa
3HaTH Ja Ae(HHHLIE Uy KOJUMA je IpUXBAT/bUBa IOBpeMeHa Trpemka. Tako ML nponamasu
CBOJy NPHMEHY y Ha IpUMep: NIPero3HaBamby UM U pasnHINTHX objekaTa Ha hoTorpadujama
H BHAEO CHHMIIHMA, NPETo3HaBamke TyMOpA Ha MEIMIMHCKHM CHHMIHMA, Y AyTOHOMHO]
BOXKIbU W JIETEIbY, Urpamby JOTHYKHX Hrapa Ha TabIM MOmyT maxa, padyHapcKHUX Mrapa alii v
3a KnacH(UKalMjy TeKcTa, aHaau3a oceharba H3pakeHUX y TeKCTy, npeaBulame Toka OonecTH
KOJ TalujeHaTa M TMpernopyka Tepamnuje, aHanu3a APYIITBEHHX Mpeka, Mpero3HaBambe H
CHHTE3a FOBOPA, AyTOMATCKO ONMHMCHBame caapikaja dororpauja u Tako Jabe. Y MHOTHM O
OBUX mpuMeHa, epukacHocT ML je yBenuko mpeBasuiia HHBO €(PMKACHOCTH JBYACKHX
ekcrnepaTa [63].

BpTornasu pasBoj oe o06macTH je mocineauna ceBe Behe JOCTYIHOCTH mojaTaka M cBe Beher
obnMa mogaTaka Koju ce 4yBa, ca jeaHe cTpaHe, H cBe Behe cHare paduyHapa 0e3 KOjUX CBE TO
He Ou HH Ouno Moryhe, ca apyre crtpade. Y3umajyhu y 003up mMpoK 1ujana3oH NPUMEHe W
Op3uHy pa3Boja pauyHapCKUX KOMIIOHEHTH npaTehH 3axTeBe ekcnepaTa, jacHo je ma je ML
»KapHIlITe MO/jeJHAKO aKaJeMCKe I HHAYCTPHjCKe jaBHOCTH, Ta Cy pealnHa oueKHBama Ja he ce
norenurjanu ML u name mmputu [64], [65], [66].

2.1. OcHOBHH NOjMOBH, 00janibemne

Y nuTeparypH ce NOjMOBH MAUUHCKO YYethe, euimadka uxmenuzenyuja, 0yooko yuere H
Hayka o nooayuma YecTo KOpHCTe Kao CHHOHMMH Hako TO HHje MOTHyHO HcrnpasHo. Hamme,
nojaM BellTauka MHTenurenuwja (eHrn. Artificial intelligence, cxpaheno Al), npenctasiba
HajIITHPH NI0jaM KOjH 00yXBaTa MAIIHHCKO YUEH:e Y OKBHPY KOT'a ce jaBJba 1yDOKo yuerme (eHrII.
Deep learning) n pan ca obumHuM nojauuma (eurit. Big data), a cBaky oj 0BHX 00JacTH
NpoKUMa HayKa o nojaumma (enrin. Data science) (Cnuka 2-1). MUuxepenTHa Be3a m3Mel)y oBHX
TI0jMOBA YECTO JA0BOAM 10 HUXOBE MOTpelHe ynoTpebe.
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MawmHcKo yyerse
(enrn. Machine Learning)

Ay6oko yuewe
(enrn. Deep Learning

WcTpammearse nogataka
(ewrn, Data Mining)

Crnuka 2-1: OpHoe ocHOBHHX mojMoBa v 0bnactu Al [66]

[Tpenusnnje, ML npeactaBiba noackyn Al v mma 3a 3a7aTak Aa pa3BHje allTOPUTME CIIOCODHE
Ja yde U3 UCTOPHjCKMX MojaTaka o MojaBaMa M Ja HaAyYeHO yNoTpede NPUIHKOM JOHOLIEHA
omtyka. Ydehu, alroputMu cy y cTamy Ja Memajy CONCTBEHH KO Kako Ou Oumn Oosbe
npunpeMsbeHH 3a Oyayhe 3amatke [66]. AnropurmMH MalIMHCKOT yuYelha HHCY TadHa
MaTeMaTH4Ka pellcma npobiema, Beh lUX0Ba anpokcumanuja [67].

[Ipe camor npucTynama npouecy peuasama npobnema nomohy ML-a mopa 6urn nmosnato
HEKOJIMKO acreKara:

e AnropuraM 3a yueme Koju he OMTH NPUMELEH U KaKo OH y4H.

- To npeBacxoaHO 3aBUCH OJ1 TpodiIeMa KOju Tpeba permTH.

e [loganu kojuma ce pacronaxe U Haj KOjUMa ce BpLIH 00yKa.

- [omamm mory Outn ,,00encxkenn” (enrn. Labeled) wnm ,Hcobencsxenu™ (eHrm.
Unlabeled), Ge3 o3Hake knace KO0joj NpHIajajy alld CBaKak0 Mopa IOCTOjaTH
oarosapajyhu 0poj y3opaka HaJ kojuma he TpeHHHT OUTH U3BPIIEH.

e PenpesenTanuja nogaTaka.

- PasnmuuTH anropHTMH 32 ydeme MoApKaBajy pasIHMYUTe THIIOBE oJaTaka U3 KOjUX
MOTY Ja yue.

e Kpajmu 1ML KOjU je U TIOKpETay 3a yuelbe.

- JKeswenn ucxon he ofpenHTH Kako M INTa aJrOPHTaM 3a yueme Tpeba Ja KOpHCTH
HIpHINKOM 00yKe.

e [llra je (xoja je) unsbHa Bapujaba.

- Jla mn je nmwe knacuukanvja HeO3HAYEHHX TOJATaKa, MPEIHKIIHja BPETHOCTH
Bapujabne, uta. [67].

Kama ce rosopu o momenama texuuka ML u3nBaja ce HEKONHMKO Tpyma a TMpeMa OCHOBHO]
HOJeNH TPH CYy TNIaBHe Tpyne: HeHaarneaano (eHrn. wunsupervised), HaarmemaHo (eHri.
supervised) n nogpxano (eHri. reinforcement) yaeme [64], [68]:

|. HemagrmegaHo y4eme [oApasyMeBa Ja Cy I[O3HATe yna3He BPeIHOCTH MOOK Ce
aITOpuUTMY OCTaB/ba Ja NpeIBHIM H3/la3, He Jajyhn My noke/bHe H37na3e 0K
HAJTNe1aHo YUehe KapakTepHIIe YIIpaBo CYIIPOTHO, y3 BPEIHOCTH YyiIasa Mo3HaTe Cy U
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BPEJHOCTH KOjeé UM OATOBapajy Ha HM37a3y, Te jeé MOTpeOHO YCTaHOBHTH OJHOC KOjH
BaXKu M3Mely BHX;

2. HairiefaHo ydeme ce Hajueinhe 6aBu mpeasuhamem H3NMaza (03HAYEHHX ca y) Ha
OCHOBY yIla3a NpeJICTaB/beHHX Y BULY BeKTopa o3HaueHHX ca x. O3HaKkama xj, x2,...X, ce
obenexkaBajy ynasu, obenexja, aTpuOyTH (SHIIL. features) IpH YeMy 12 IpecTaBba Opoj
ynazuux atpudyra. Ca apyre ctpaHe, obenexeHa ca y je THIIHYHO jeIHa, IIMJbHA, TAPreT
NIpoMeHIbUBa m (EHTIL. target variable). IlocToje 1 cueHapHju MO KOjuUMa Cy M H371a3H
(v) BULIEAMMEH3MOHATHH, MM M YyJ1a3W M M3MasH NPeAcTaB/beHH HEHYMEPHYKHM
BpeHocTUMA, Beh y By cexBeniy, rpadosa u Efuuno:

3. anropurtam 3a IMOAPIKAHO YYCH:C je crmocobaH fa Ha OCHOBY arcHTa KOjH HHTCparyje ca
OKpPY)KEHEM, Y4HM M3 CBOjHX Tpellaka, HocTynmaka M nokymmaja. Tako ce Oyayhu
NOCTYTLH OMpajy Ha OCHOBY CTEUEHUX HCKYCTaBa y caiejcTBY ca HOBUM H300pHMa.

IIpobneMy oTKpuBamba Beza U3Melhy npoMeHbUBHX (0Oenexkja) Ha OCHOBY 3amaxama MOXKE ce
NPUCTYNIHTH Ha pasnuunTe Hauuue. Kaga cy mpeaMer obpane Benmuku nojauy notpebHO je
YCIIOCTABUTH METOJIE KOje Cy y CTamy [a youaBajy Bese ayTomarcku. Takse MeTome 00MUHO
Hajlase (QyHKOHje Koje OmMCYjy Be3y H3Mchy aTpuOyTa M BpeAHOCTH IMJBHE NPOMCHJBHBC,
MMajy LIEHTpallH{ 3Hauyaj y MAlIMHCKOM yuely M T03HaTHje cy Kao wmodenu. Mojena Moxe
Outn OeckoHAaYHO MHOrO alM He MOTY CBM (Tla 4aKk HHM jeJaH) ONMCHBAaTH MOMEHYTe
3aKOHHTOCTH caBpuieHo qo0po. On mo0po mocTaB/beHOr Mofena ce odekyje aa ao0po
reHepa3yje, OJHOCHO Ja Ha OCHOBY MJOCTYNHHX aTpuOyTa, NPHIHKOM mpeasHbama
BpeJHOCTH LWbHE NPOMEHJbHBE PeTKo mpaBM rpemke. CiyuajeBH TAe MOJeN He NpaBH
HUKAKBY TPEILKY Y IPaKCH He N0CTOje 1a je ojaM IeHepain3alije y MalllnHCKOM yuemy jefiad
0]1 HAjBAKHHjUX U 3aTIPABO MPEICTARIBA 1[HJb KOME CE TeXH.

22. Haaraenano yueme

OcHoBHa 0JUTHKa aNropUTMa HaATIeNaHOT yuema je Ja y4M da npeasuba usmas 3a oapehenn
yJa3 Ha OCHOBY MapoBa YIa3HUX M M3JIa3HUX M0JATaKa KOjH CY My IpPY:KEeHH Y TPEHUHTY.

Jlee ocHoBHe BpcTe mnpobneMa koje ce pemaBajy nomolly HaArleJaHOr yuema Cy
rknacugpurayuja u peepecuja [68].

22.1. Kaacupuxauuja

Knacupukanuja je ocnoBur npodnem y ML 1 uma 3a nusb fa ce ynasHH NMOAALH NPHAPYKE
HeKoj oA mocTojehux knaca. OOH4YHO Ccy Klace JaTe y BUAY KaTeropHjckuX obenexja Koja MoTy
OuTH KoJUpaHa ¥ Tako MpeACcTaB/beHa U Y HyMEPHUKOM OOITHKY.

PesynTatn knacudukanyje ce Hajueirhe npukasyjy nomohy MaTpuile Ta4HOCTH WITH KOH(Yy3Hje
(eurn. Confusion matrix). Marpuia kondysuje npukasyje cTeapHe W npenpuljeHe kmace 3a
paznuunTe KOMOMHALIHje, YKIBydy|yhu Taune MO3HTHRHE, TAUHE HETATHBHE, JTAXKHO TO3UTHRHE
H naxkHo HeratupHe (Cnrka 2-2).
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— \

a -
: “ P
=
Q
(=]
&
@ L
Q9
m
[0h)
I
(=%
(]
m
5 -l FN
o NO3UTUBHO
:

Ciuka 2-2: Marpuua koudysuje

Ine je:

- TP - nponenaT ucrpaBHO KJIacM(GHUKOBAHUX MpUMepaka Kao NO3MTUBHUX (eHry. True
Positive);
- FP- npouenar HeucnpaBHO K1acH(pMKOBaHUX MPUMepaka Kao MO3HTHBHUX (eHr. False
Positive),
- FN- npornenar HenparuHO knacu(pUKOBAHUX TIPUMEpaKa Kao HeTaTHRHUX (eHrn. False
Negative);,
- TN - mpouenar ucnpaBHO KIacM()HKOBAHHX IPHUMEpaka Kao HEraTHBHHUX (eHIIL. True
Negative) [69].
W3 maTtpune xoHdy3uje MOTY ce Jajbe W3pauyHaTH BPEeJHOCTH Kao MEpe YCHEUIHOCTH
K1acHpHKaTOpa, Kao ITO Cy TAIHOCT (eHrn. Accuracy, ckpaheHo Acc), IpenM3HOCT (EHTI.
Precision) n ono3us (enri. Recall), npema dopmynama (1), (2) u (3) pecniexktusno [69].

Accuracy = LT (1)
P+N
Precision = _r , (2)
TP + FP
Recall = _rr . 3
TP+ FN

Hako y TeopHju mpenM3HOCT M OINO3MB HHCY TIOBE3aHM, Yy TIPaKCH C€ BHCOKa
MPEIU3HOCT MOCTHKE CKOPO YBEK Ha PAadyH OTO3HMBA U BUCOK OTO3WB Ce TOCTHXKE HAa pauyH
npenusHocTH. Kako o npupoje anmukaiMje 3aBHCH Koja je Mepa BaKHHja, YECTO Ce, aKo je
MCKJBY4HBO NOTpeOHO AehuHUCATH jeIHYy Mepy 3a ynopehuBame pa3anyuTux Kiacupukaropa,
KopucTH Oanancupana Fi mepa (eurn. Fj-score nm F-score) Koja Jaje TojjeHaK 3Hayaj U
NPELHU3HOCTH U 0N03uBY (hopmymna (4)):
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2% Precision
F, —score = — . 4)
Precision + Recall
F| Mepa npeacTaBba XapMOHHjCKY cpeAuHy H3Meljy NpeLM3HOCTH M OMO3MBa Koja Kao TaKsa
UMa TeHJAeHUH]y Ja Oyae Omkxa Mamo] o1 BHUX, Tako, Aa 0M F; Mepa Ouna Bucoka, odbe
BpeIHOCTH (M IPELU3HOCT U ON03UB) MOpajy OUTH BHCOKE.

Cnenecha OutHa Mepa je mpaBa nmo3utuBHa cromna (eHrn. True Positive Rate, ckpaheno TPR)
gedunnme ce kao Aeo (ppakudje CTBApHO TO3UTHUBHUX CIlydajeBa KOjU Cy TadHO
knacupukoBanu (popmyna (5)) [69].
TP
TPR=———. ()
TP+ FN

Jlaskno mosuTtnBHA cTona (enrn. False Positive Rate, ckpaheno FPR) ce neduuuime kao
(ppaxuHja CTBAPHO HEraTHBHUX CJlydajeBa KIaCH(HKOBAHHX Kao NO3UTHBHEX (opmyia (6)).

FP (6)

FPR=——.
IN +FP

TPR je y cTBapy 0no3uB No3UTHBHE KJIace U Takolje ce Ha3uBa u ocehajuocT (eHrm. Sensitivity).
Ca gpyre ctpane je cnenuduqHocT (eHrn. Specificity) koja npeicrasba TNR um onosus
HeraTHBHe Kiace, nedpuHuie ce kao (hopmymna (7)):

TN

TNR=———.
TN + FP

(7)

U3 npetxonne ase dopmyne cnean (dhopmyna (8)):
FPR=1-TNR . (8)

Jom jeqna OuTHA Mepa 3a eBanmyauyjy knacupukanuonor moaena jecte 1 ROC xpusa (enri.
Receiver Operating Characteristic Curve). Bpennoct obenexena kao ROC xpuBa je 3ampaBo
HOBPIIHHA KOja MPEeACTABIbA OHOC CTBAPHO HO3HTHBHOT CTaMa HACYMPOT JIAKHO MTO3HTHBHOT
ctama. KopucTu ce decro 3a npoueny pesynrara Kiacudukanyje ca gBe 3agaTe kinace. [Topen
oBe Tpeba ucrahu 1 Mepy koja ce 1obuja kao nospiuuna ucrnog ROC kpuse (enrn. Area Under
the Curve - AUC). AUC je moBpimmua Koja Nokasyje TauHO MpPeIUKOBaHE BPEIHOCTH Kao
noszurueHe (TP) y onnocy Ha HetauHO npeaukoBane BpeanocTH kao nosurkeHe (FP). AUC ce
npuMembYje 3a Mepeme nepdopMaHcH OGMHAPHHMX KIacH(HKATOpa, MEPH THCKPHMHHALIMOHY
Moh KnacugukaTopa, 0JHOCHO HETOBY CIIOCOOHOCT Ja pa3NMKyje MHCTaHIE Koje MpHUnaaajy
paznuunTUM Knacama. Bpeanocru kojuma ce uckasyje AUC ce xpehe y untepsamy on 0 go 1.
Knacugukatop je 6ossn mwto je AUC Bpeanoct knacudukatopa 6mmwxke 1. Bpeanoctn ox 0,7
mo 0,8 ce cmaTpajy npuxBaTJ/BMBHM, I0K cy BpeaHoctu o 0,8 mo 0.9 jako mobpe, omHOCHO
BpeaHocTH BU1e of 0,9 ce cMaTpajy OAIHYHUM pe3yararoM [69].

Cnuka 2-3 maje npukaz ROC xpuse 3a npumep aBa kinacugukaTtopa C; 1 C2 HaJ UCTHM TeCT
nogaunma. Kpuse nonase u3 koopaunnatHor noderka (0,0) u zaBpmasajy ce y (1,1). ¥V Tauku
(00) cBu Tecr mpuMepHH Cy KIacH(PHKOBAHM Kao HeraTuBHH 1ok cy y (1,1) cy cBu
K1acu(pUKOBAHHU Kao MO3HTHBHU. /[MjaroHanHa NHHHja NpeacTaB/ba CIy4ajHO rnorahame rae je
PR =TPR.

10
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Cnuxka 2-3: ROC kpusa 3a j1Ba knacugukatopa [69]

222, Perpecuja

Perpecnja je mpobnem npeasuhama HenpeKHHE UJbHE IPOMEHbHBE (M IbeHe 3aBUCHOCTH O
jedHe WIM BMILE JPYTHX TNPOMEH/BMBHMX) JOK ce KIacH(HKanMja OIHOCH Ha TpodieMm
npeasuhama kareropuuke HHbHe TpomMeHJbHBe (mpenBuhame Kojoj ox moctojehux kmaca
HHCTaHIa IPHIATA).

V oBoj nucepranuju he aknenat Owtm Ha npobnemy BuiecTpyke perpecuje. Perpecuja je
CTATHCTHYKH METOJ KOjH ceé KOPHCTH 3a aHanu3y ofHoca M3Mel)y ymasHHX (He3aBHCHHX)
NPOMEH/bUBHX M H3a3He (3aBUCHE ) poMensbuBe. OCHOBHH LWL perpecuje jecTe npeasubame
BpeIHOCTH M371a3He IPOMEHIBHUBE U YTBpHHBam-e 3aBUCHOCTH Y OJHOCY Ha BPEJHOCTH YIa3HUX
npoMeHLUBHX. CBpXa perpecHje jecTe Aa ce yTBpAH 00JNHK Be3e u3Mel)y mocMaTpaHHX mojasa
IITO CE MOCTHke MoMohy oxrosapajyher mozena.

Jenan ox HajjeqHOCTABHUjUX NpobneMa NpeacTaBba MMHeapHa perpecHja re ce oTHocC HiMehy
YJIA3HHX W H3NIA3HHX NPOMEHJLHBHX ONHCcYje TuHeapHoM (ynkuujom. To 3Haun aa ce H3nasHa
NpoMeH/bMBa MNpeABHha Ha OCHOBY IMHeapHe KOMOHHaIMje YJNa3sHAX NPOMEHJBHBHX, ca
oarosapajyhum xoeuiujenTHMa.

VY HemuHeapHoj] perpecHju, (yHKIMja Koja OMHCYje OJHOC M3Mel)y ynasHMX M H3na3He
NpPOMEH/bUBE je HeMMHeapaH U KOMIUIEKCHU]H Ol j€AHOCTaBHE THHeapHe 3aBUCHOCTH.

3a ciyuaj perpecHje, HHje jeTHOCTaBHO OJPEJUTH Koja jé TO BPEJHOCT LIMJBHE NMPOMEHIbUBE
NpUXBaT/bUBa Kao pesynTaT Beh ce oOM4HO MpaTH BUIIE MapaMeTapa y HHbY MUHEMH3alHje
rpelke Mojena.

I[Ipouec pemasama npobnema, 0AHOCHO MUHHUMH3ALHje POCEUHE TPellke MoJeNna Ha3HBa ce
nporiecoM 00yke (oOyuaBame Mojiena, enry. Train).

ObyuaBame MoJIENA je MPOoLeC TPEHHPamkha PETPECHOHOT MOieNa HAa TPEHHHT CKYIY HoaaTaka.
VY oBOM Kopaky, perpecHoHM Moield he HayuMTH KaKo Ja MPeIBHIH W3Na3Hy BPEIHOCT HA
OCHOBY YJa3HHX MOJaTaKa.

11
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Kapa je Mozgen o0ydeH Ha TPEHHHT CKYIy IOjaraka, CIeOHM NpoBepa MOAENa Ha TECT CKYIy
nojataka. TecT CKym mojaTaka ce KOPHCTH 3a HpOBEpPY Ta4HOCTH MpeaBulama Mopemna.
YKOIHKO je Mofien ycnellaH y mpejiBuhamy HM3NasHHX BPeJHOCTH HA TecT CKYIy IofaTaka,
MOJKE CE& CMaTpaTH YCHEIHUM.

I'enepanHo mocMaTpaHO, 3a perpecHjy BaxKM Aa jeAHO] BpeJHOCTH aTpuOyTa He Mopa
0JT0BapaTH Ta4HO jeAHA BPeJHOCT LIM/bHE IpOMeHbHBe Beli ce MoXKe TOBOPUTH O paclojeny
HBEHHX BPEJHOCTH NPH JaTHUM YCI0BHMa (BpeqHocTuma arpuOyra). JKemena ¢yHkumja je
MaTeMaTHYka (YHKLIHja Koja OMHCYje OAHOC M3Mely ymasHMX M M3Ia3HHX [OAaTaKa y
pErpecuoHOM MOJIEILY U Ha3HBa C€ pecpecuond (yHkyuja.

23. JluneapHa perpecuja

Jenan oj HajjeAHOCTaBHUjUX MOJENa ¥ MAIIMHCKOM YUeHY jeCTe MOJEN JIHHEapHE perpecuje
(eurn. Linear Regression). Y KOHTEKCTYy NMHeapHe perpecHje, perpecHoHa (yHKIHja je
JMHEeapHa KOMOWHAIMja YIa3HHX MPOMEH/BUBUX H JeHHUCAHA je u3pa3oM (9):

y = ﬂﬂ-l. ﬁ]x] + ﬂlxl-l. o T ﬂrrxrr‘l (9)
rie je:

-y H3IIa3Ha IPOMEHJBHBA Koja ce mpeasuba,

- X1, X2, ..., Xy CY YJa3HE IPOMEHIbHBE,

- foje unTepcenr,

- fBu pa, ..., B cy KOBDHITMjEHTH KOJH TIPE/ICTaRIbAjy YTHIA] CRAKE YITa3HE POMEHIBHBE
Ha M371a3HY IPOMEHIBHBY.

OuekuBaHa BpenHOCT (r(X)) MMIHHE TIPOMEHIBUBE, J0OWjeHa momohy perpecvone (pyHKIHje
Moxe nedpurucaru uspasom (10):

r(x) = E[ y]x]= [y p(s|mdy, (10)
rae je:

. E[}" x] MaTeMaTHYKO OueKHMBame (O4YeKHBaHA BPEIHOCT) LMJbHE NMPOMEHJbHUBE y
Kaja Cy II03HaTe BPEIHOCTH yIIa3HUX [10JaTaKa X;

. P()’lx) yclloBHa BepoBaTHONA [a je LHJbHA IPOMEH/BMBA y jejIHdKa HEKO] BPEJLHOCTH,
aKo cy [o3HaTe BPeJHOCTH NoJaTaKa X U

e dy mpeacraBba AU(EPEHLMjalHY BpPEIHOCT LHJbHE IPOMEH/BHBE Y KOHTEKCTY
HHTErpana.

. 2 -
Kako je pusuk gat uzpasom E[(y—fu.(x}) ] CBENPUCYTHH NPHCTYN ¥ pellaBaiby NpodnemMa
perpecuje aat je cnenchoM gpopmynanujom (11):

. 1 l\‘l 2
mln_E(‘}!fifw(‘xf)) ’ (ll)
v NS
rie je y,cTBapHa BpeIHOCT LIMJbHe NPOMEHJbUBE J0K je f, (x;) BpeaHocT npeasuljena nomohy

perpecuone ¢ yHKIH]e.

12
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24. JIuneapHa perpecuja ca NOTHOPHHM BeKTOPHMA

JluneapHa perpecuja ca NOTNOPHUM BekTopuMa, (eHrn. Linear Support Vector Regression,
ckpaheno Linear SVR) je Bapujauuja Support Vector Machine (ckpaheno SVM) anropurma
KOjH Cce KOPHCTH 3a pelllaBame npobnema perpecuje. JInneapHa BapHjanTa 0BOT allfOPHTMa Ce
(hoxycupa Ha (popMHpame THHEAPHOT MOJIENa perpecHje 1 nocedHO je ToroaH 3a 00UMHH]jE
ckynose nojataka (Cnuka 2-4). 3a pa3imuky o1, Ha IpUMeEp, IPOCTe TMHEAPHE perpecHje, oBaj
ANTOPUTAM TIPOHANa3n XuneppasaH (eHri. Hiperplane) Kpo3 Kojy MposasH MITO BHUIIE Ta4akKa
(ymecto jenne nunnje). OBaj npuHIMI je noceOHO 3HaYajaH 3a HEMMHeapHe npobiemMe KakBH
CY M pealHy npobneMu.

y

-
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!
/e / ® Tayke nogataka
Ve ® Tauke noparaka / o MoTnopHu BekTop
ad elMotnopHu BekTop !
pesepeHa pE3E_pBHE -
BapujaGna: = sapwjabna: S
> X » (B(x)

Cnuka 2-4: JIuneapHa W HeJIMHEapHA PerpecHja ca NOTHOPHUM BekTopuma [70]

Linear SVR xopHCTH nHHeapHy (yHKLHjy NpecIHKaBamka Kako OH Moaenupao ogHoc HaMehy
ynasHux atpubyTa (HE3aBUCHMX IIPOMEH/BMBHMX) M 1LMJbHE TIPOMEHJBHBE (3aBHCHE
npoMenbuBe). OBa nuHeapHa (yHKIMja IpeciMKaBama je odnuka f{x) = wx + b, rae x
npejacTaBba ylnazHe aTpuOyTe, w cy TEXHHCKH (DAKTOpH KOjH MOJAETHPAjy YTHIA] CBAKOT
aTpuOyTa, a b je npucTpacHoCT (Onac) HIH cl100OIHH UNaH.

2.5. Xy0ep perpecuja

Xybep perpecuja (enrn. Huber Regression) je y ocHOBH yHanpel)eH Momen nHHeapHe
perpecuje. OBa BpcTa nMuHeapHe perpecHje kopuctH Xydep pyHKuMjy kao GpyHKIM]jy TyOHUTKa
YMECTO Tpagul[HOHAIHE METOAe HajMamMX KkBagpata [71]. XyOep ¢yHkimja ryOuTKa
perpecHjy 4MHH poOyCTHOM M OTIOPHOM Ha ayTnajepe (eHrin. Qutliers) mTo je mocebHO
TIOTO/THO 3a Paji ca CKYMOBHMA T10J1aTaka 0 CTBAPHHM I10jaBaMa.

Xybep dynxumja ryOuTKa je koMOHHAIHja KBaApaTHOT TYOMTKA 3a Tayke MOJaTaKa 4uja cy
npeasuhama Onmucka cTBapHHM W anconyTHor ryOuTka (eHrn. Absolute Loss) 3a Tauke
nojaTaka 4Hja npeasuhama Hucy Onmcka cteapHuM [72], [73].
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2.6. Cradaa ogayke

Crabna oanyke (unu ommyuupama) (eurn. Dessision Tree) mpeicTaBbajy jeJHOCTaBaH U
HHTepHpeTabHIaH MOJEN MAITHHCKOT YUeHa, KOjH HalasH CBOjy IPHMEHy H y mpobieMHMa
perpecuje n knacudukauuje [63], [74]. Crpykrypa oBor moaeina noaceha na ctpykrypy crabna
JpBeTa IJe ce y CBaKOM 4BOpY cTaba, OCUM JIMCTOBA, HAalas3H U 0 jeJaH TecT — oAnyka (Cimuka
2-5). Jlaybe rpaHame 3aBUCH Ofl pe3y/ITaTa TeCTa KOjH ce CIPOBOAM Y YBOPY — CBAKOM MCXOIY
TecTa OAroBapa jenHa rpaHa cTtabna koja Bomu jgo crneacher usopa. Jlucrosu crabna cy
03HAa4YeHH BPEIHOCTHMA KOje TpeAcTaBibajy npeasubama crabma. TecToBu koju ce Bpiue y
CBAaKOM 4YBOpY IHpeAcTaB/bajy NpoBepe BPeIHOCTH IOjeAUHAYHHX aTpuOyTa. Tako, 3a
KaTeropujcka obenexja ce y 4BOPOBMMA BpILIU NPOBEpa jeIHAKOCTH Ca HEKOM KOHKPETHOM
BpeaHOmhy MM MpoBepa MPUIaJHOCTH HEKOM CKYIy BPEIHOCTH JOK y ciydajy obenexja ca
HeIPEeKHIHNM BPEeJHOCTHMA TECT NPEACTaB/ba MPOBEPY [a JIU je BpenHocT aTpudyTa Beha nnn
Mamba Of] HeKe JpyTe BPeIHOCTH.

marnegw 3a
. napaBuWHe

CyHH2HO obnayHo ULLOBWTO
A 4
BNnaxHOCT aa
Basnyxa BETPOBUTO
BUCOKA HOpManHa r—— o
— — . »> <
He Aa fAa He

Cuuxka 2-5: Ilpukas crpykrype crabna omiyke [63]

Crabna omnyke ce He cMaTpajy MoJelIMMa BUCOKe Tiperu3HocTy [63]. Hajuemhu mpobnem koju
ce MOXe jaBMTH jecTe mpobnem mpeTnpunaroharama mTO ce Hajuemhe Jemara y ciydajy
nyOoxnx cTabana Kao NocieanLe BEIHKOr Opoja TecToBa KOjH ce CrpoBoAe Y uBopoBHMa. Ca
JpyTe cTpaHe MIMTKa cTabla TMIMYHO JO0BOAE A0 Mpodnema moTmpunarohasama. Mmak, n
nopeJ OBUX MamKaBOCTH cTabla oAnyke Hanase cBOjy mpuMeHny mocedHo 300r cBoje nake
unTepnpetandje. CBaka MyTama Ofl KOPEHa IO JHCTa MOXe MpPHUKa3aTh xao ,if ... then™
IPaBHIIO Y KOjeM YCJIOB IPeJCTaB/ba KOBYHKIH]Y CBHX MCXOJa TECTOBa IyXK IyTambe, 0K je
OJJIyKa BpeIHOCT Y CAMOM JIHCTY.

2.7. Cnyuajne myme

Cny4ajue mryme (enrn. Random Forest) nmm xoneKiMja Bule cTabaa ojIyKke 3acHHBA CE Ha
NpOCTOj arperauyju BuIle cTadana omnmydmBama [63], [75] (Cnuka 2-6). YcnemmHocT oBe
TeXHHKE MOYMBA Y CAMOM HAuMHY H3Tpaime ,JuyMe”. TokoMm obyke, m crabama oamyke ce
TpeHHpa Ha Ppa3sTM4IUTHM MOJACKYTIOBHMA MTofaTaka ((hopMHpaHUM U3 cKymia 3a 00yky). Yipaso
oBaj Opoj nojeaHaYHMX cTabana cagpKaHHX Y MOJACIY Cly4ajHe IIyMe NPeCTaB/ba OCHOBHH
perynapusalHoHH (akTop 4HjUM ce noBehaBambeM cMambyje OmacHOCT O MpeTIpunarolaBama
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[76]. Unaxk, Tpeba Outn naxkspuB jep Behn Opoj cTabana y konekurju nosehasa 6poj pauyHCKHUX
omepalyja a caMHM THM YTHYe Ha BpPEeMe H3BpLIaBama. Mako MX YMHM KONEKLMja BHILE
nojeAMHAYHHX cTabana ofyKe, cIydajHe IyMe HUCY HHTepIpeTabHIHe Kao cTabIo ofIyKe.

Hoswu y3opak

I

PesynTat 1 PesynTat 2 PesynTtar 3

| Hagrnacaeatbe / YcpefhaBatbe I

Pesynrat npeasmhatba CilyyajHuM Wymama

Cnuka 2-6: [Ipukas ctpykrype ciayuajae myme [77]

2.8.I'pagnjenTHo nojauapamse (0ycT) H eKCTPEMHO IPaJHjeHTHO NojadyaBambe

[Npunuxom dopmupama ancambia Buile Mojena (eHri. Ensemble) 0qHOCHO KoNeK1Uje, OHH ce
(hopMHpajy MOTIYHO HE3aBHCHO a TIOTOM YKJBYYYjY Y KOJeKIHjy. 3a mocTuzame mto 00JEHX
pe3ynTaTa KOPHCTH ce NPHHIMN NojauaBama (eHrI. Boosting) 3acHOBAH HA NMOCTETIEHOM
JoJaBamy jemaHor 0 jeAHOr Mojela Koju uuHe kojekuujy [63]. Ilpm Tome, cBakm of
nojeMHAYHHX Mojena ce oOydaBa Tako jJa IUTO OoJbe HamoMecTH cnabocTH 10 Taja
dopMupane KoneKuuje.

Y TOM CMHCIIy METOJIe 3aCHOBaHE Ha IpaljeHTHOM I10jadaBary, Kao Ha IpUMep IpagujeHTHH
Oyct (enrn. Gradient Boosting) cmatpajy ce Hajedukacuujum [63]. OcHoBHA Hagja HOTHYE O]
rpagHjeHTHHX METoJa ONTHMH3ALHje, KOoje ce 3aCHMBAjy Ha MONpaBbamy TeKyher pemema
ONTHMHM3aLMOHOT NpodlieMa J0JaBabeM BEKTOpPa [POIOPLUOHAIHOI HEraTHBHO] BPEAHOCTH
rpagMjenTa QyHKIHje KOja c€ MUHUMH3Y]E.

Excrpemuu rpagujenTHy O0ycT (enrn. Extreme Gradient Boosting, ckpaheno XGBoost) je jow
jemaH of alropyuTaMa morojaH 1 3a npobieM kiacudukanuje u 3a npodaeme perpecuje. [lomyr
CIyYajHHUX MIyMa, TPefcTaBiba KOJEKIHjy BHINe cTabama oaiyke y3 A0JaTaKk TEXHHKe 3a
nojadaBame pagu mocTHzama Behnx npeumsnoctd (Cruka 2-7). OBa TeXHHKA ce 3aCHHBA Ha
jemHOM jeIHOCTaBHOM, MoNa3HOM cTabmy omnyke. M3padyHaBameM rpeiike (pasnuka mMely
NpeAUKOBaHMX M CTBapHUX BPEeAHOCTH) AoAaje ce cienehe ctabdno kKoje mo npasuiry Tpeda aa
yMambH J0cajalliby TPelIky, noHaesbajyhu mpoliec cBe OOK ce He MOCTUTHE MHHMMAlHA
rpellka WIH JOCTHIHY MOCTaBJbEHA OrpaHHuea. Y OJHOCY Ha CllydajHe IIyMe, OBa TeXHUKA
ce nokasaiia kao gocta opxa [78].
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YnasHu
nopaun—>] Ed > (...)>

v

Mpeaenbatwe  lpegeuhatwe  (...) Tpepsuhawe

|Cpenrba speaHocT npegsnbatba |

I XGBoost npenemf)al-bel

Ciuka 2-7: [Ipukas cTpyKType eKCTPEMHOT rpagujeHTHor Oyera [79]

29. Bemrauke HeypoHCKe MpeKe

Kako ce ognoc m3mely mojaBa wnm obenexja M 1MJbHE NPOMEHJbHBE Hajuenihe He MOXKe
omnucaTty noMohy jeJHOCTAaBHHjUX MeToJa kao WTo je BehiHa npeTxoHo nodpojanux, Beh To
3axXTcBa CIIOKCHHJH HCIMHCAPHH MPHCTYIL, YNOTpeOba BCIITAYKHMX HCYPOHCKHX MpPEXKa Y TOM
nornegy npy:a orpomue OeHedure. Bemrauke HeypoHCKe Mpeike Cy MO3HATE Kao TeXHHKa
Koja ca nakohoM Bpum o6paay oOMMHHX IoJaTaka alli ¥ NpeBa3sHuiazy NpodieM HeJOBOBHUX
nogataka. Hamasehw cBoje MecTo mpuMeHe Y HajpasNMMYUTHjUM 007acTHMa, BellITavke
HEYPOHCKE Mpexe Cy Yy CTamy fAa TNperno3Hajy KOMIUIEKCHe ogHoce H3Mel)y 3aBHCHOT M
He3aBUCHMX obenexja moceOHO 3axBabyjyhH (akTHBaMOHMM) (PyHKLHjama Koje nmoOyhyjy
HEYPOHE Y CBaKOM ckpuBeHOM ciojy. (O aktuBaunonuM ¢yHkuujama he uue pedn OUTH Y
nornasipy 2.10.2.)

Kaxo 360r cBoje c10KeHOCTH a TaKo M 300T paclHpocTpamheHOCTH HHUXOBE NPHMEHE MOJETy
HEYPOHCKHX Mpeka je Moryhe M3BecTH mo ocHOBY Bumie kputepHjyma. Aytopu y [80] n
kacHHje y [81] najy muxoBy cBeoOyxsarny nojeny (Cnuka 2-8).

Haxko ce BemTauke HeypOHCKE MpeXe CMATpPajy TPAHOM Koja ce jol yBeK pa3BHja 07l lBHXOBOT
nomeHa npouuno je 80 roguna. Aytop y [82] naje npernen 3HauajHuX oTkprha y OBOM JOMEHY
0] IPBOT TIOMEeHa HeYPOHCKUX Mpexka na 10 2017. rofuHe amy ca HarIackoM Ha IyDOKO ydermhe
Kao IIMPH TMOjaM OJT caMoT MojMa HeypoHckux mpexa (Cnmka 2-9). [Ipema npukasy, npBu
HATOREITa] HEYPOHCKHX Mpexa jarka ce 40-ux ronHa nRafaeceTor Beka nako 2000-nux nonaszu
JI0 Haj3HAYajHHjHX OTKpHha Koja cy oMoryhmia paj ca MpekaMma KakBe Cy M JaHac aKTyelHe.
Hnak, jom yBek ce Tpara 3a Haj00/bMM MOJIeIMMa, TOMOJIOTHjOM Mpeke U HajOO/LMM HaUMHHMA
3a ONTHMM3alMjy XumnepmapameTapa mojena. [lapanenno ce Tpara 3a HajdO/bMM HAYHHOM
yuera (y CMHUCIY Mauwuncko? yuera), Mucieh Ha mpoliec ayTOMaTCKOT IpeTpaxuBama y
by O0Jbe pernpeseHTaldje NoJaTaKa | 3Hama Koja ce 1prne u3 wux. [lepuon nameljy 1940. n

1950. ronune npema [82] Hema BaxHMjuX AocTUrHyha na je ayrop obenesxasa 3HaKOM NHTamba
277
L LRI J
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[ HeypoHcke mpexe

TN HEYpOHCHE
e
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Crnuka 2-8: Knacudukanuja neyponckux mpeska [80], [81]

1950 2006

279 Computing 1o 1985 1986 Deep

LER Machinery 1960 Backpropag; Restricted wa7 Boltzmann
1940 and ADALINE tion 1980 Machine  Boltzmann 1990 LSTMs Machines 2014
DarkEra Intelligence Widrow & Werbos (and  Neocogitron Hinton & Machi LeMNet  Hoch & Sal 1 GANs
Umil 940 Alan Turing Hoff more) F k Lecun & Hinton Goodfellow

: : ! ? ! 1

¢ [ ) :

1943 958 69 1980 1982 1986 L1 war 2006 amz 207

Meural Nets Perceptron  XOR problem Self Hopfield Multilayer RNNs Bidirectional Deep Belief Dropout Capsule
MeCulloch & Rosenblatt Minsky & Organizing Network Perceptron  Jordan RNN Networks- Hinten  Metwarks
Pint Papert Map John Hopfield Rumelhart, Schuster&  pretraining Sabour, Frosst,
Kohonen Hinton & Fallwal Hinton Hinton
Williams

Cnuka 2-9: Bpemencka jienta nybiukan#ja 13 ob61acTi HEYpOHCKHX Mpexa npema [82]

Bemrauxe Heyponcke mpesxe (eHra. Artificial Neural Networks, ckpaheno ANN) nnmm ckpaheno
»HEYpOHCKe Mpeke* (eHrn. Neural Network, ckpaheno NN) je TepMUH KOjH je CBE IPUCYTHHjU
W TPOKHMA TOTOBO CBE HAy4HE JWUCIUIUIMHE NpeACcTaB/bajyhu HajmomynapHUjy W Hajuenihe
kopuiiheHy MeTony MaimiHHCKOT yuema. [Ipumena ANN je mmpoka u momepa momeTe
BELITAYKe HHTEIHTEHIHje, padyHapcTBa M NpHMemeHe MaTemarnke. ANN mpenctaBbajy
HapaMeTPH30BaHy IpeACTaBy KOja MOXKe MOCHYXKHTH 3a alpoKCHMalHjy ApYrux (yHKUHja
[63]. 3a ANN ce decTo Kaxe da MNpEACTaBbA]y jeOHY CIOXKeHY (YHKUM]Y HacTaly
KOMIIO3HIHjOM BETMKOT Gpoja jemHocTaBHuX (yHKIM]a.

Ocnosna uaeja ANN jecTe qa ce cTBOpH cHcTeM Koju he mpeno3HaT mabioHe y ,,JoHallIamby
nojaga™ M JeNOBaTH CBE BHILIE Kao JbYICKH MO3aKk a Mame kao mammba [83]. ANN cy
MaTeMaTHIKH MOAEITH HACTAIH TaKO Ja CHMYJIHPA]y KHUBH HepBHH cHcTeM. [Tocebna moh ANN
jecTe To IWITO cy y cTamy Ja FeHepalM3yjy HaydeHO M TO NpHMEHe Ha pa3induTe BpCTe
npobnema. ANN najy HajOosbe pe3yaTaTe v ciiydajy oOMMHUX nofaTaka [84],[85].

[MocToju Bume Bpcta ANN:

e normyHo nosezane ANN - ocHoBHa BapujanTa (eHTn. Fully Connected);
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e xousoiyTuBHe ANN - 3a oOpany cnuka (CNN, enrn. Convolutional Neural Networks);

e pekypentHe ANN - 3a o0pany mogaTaka y BUAY HHU30Ba Bapujabunue ayxuHe (RNN,
enra. Recurrent Neural Networks);

e pekypsuBHe ANN - 3a mogaTke KOjU ce MOTY NpeACTAaBUTH cTabIuMa OfTydHBama
(RvNN, enrmn. Recursive Neural Networks);,

e rpajoscke ANN - 3a 00pany nogartaka Koju ce Mory npeactaBuTu rpadosuma (GNN,
enrn. Graph Neural Networks) [63].

be3 o063upa na Tun, ANN ce cacToju 0 cKymna jeqUHMIA 32 00paay Koje ce Ha3MBajy HEYPOHH.
Y oBoj nquceprauuju okyc he Outi Ha IPBOj rPyNH, Ha NOTIyHO NoBe3anuM ANN .

Kon nornyno mosesanmx ANN cBakM HeypoH padyHa IHHeapHy KOMOMHALM]y CBOjHX
aprymeHaTta M HaJ HOM padyHa HeKy HelHHeapHy TpaHcopMalyjy, Ho3HaTy Kao akTHBallMOHa
¢yskumja. Kako cy HeypoHH y MpekH IPyIHCAaHH Y CJI0jeBe, jeIHHHIIE jeHOT cIoja IpHMajy
Ka0 CBOje apryMeHTe BpeJHOCTH (Tj. H3J1a3e) CBUX jeAMHHIA M3 IPETXOMHOT CJI0ja a 3aTHM HX
obpahyjy n mpocnelyjy xao cBoje m3nasze ka HapeaHom cinojy. Tako ANN ¢opmupa HOBe
aTpuOyTe y CBaKOM OJI CKPUBEHUX clojeBa Hajgorpal)yjyhu nobujene atpubyTe U3 npeTxogHor
cioja najyhu Tako cBe clokeHHje U cinokenHje atpudyTe. OBa cnocodnoct ANN ce nocebHO
HCTHYE KOJ KOHBOJNYTHBHHX MPEXa a CMaTpa ce Ja YCIEIHOCT MPEXkKa YOIIIITE TPOUCTHYE U3
OBOT CBOjcTBa IITO MocedHO 4MHU ycnemHuMm aybooke ANN (enrn. Deep Artificial Neural
Network) [63].

OcHoBHa rpaanBHa jequnauna ANN | Belrauky HeypoH, npeAcTaBba rpy0y CIUKY OHOIOMIKOT
HeypoHa U merose ocodmue Tpeba aa ononamajy ocodnne duonomkor neypona (Cnuxka 2-10).

ﬂermp_vllu i) Wy
AKCOH W3 HeypoHa @ Cuvance
wpTo
omMoTAY Dexapurn
1 Tepmunan
[ akcoma
/ w T

I (Z uyz; + b)
-
anazum akcoM
AKTHBEAUWOHA

dyHKMja

1 .
Pansnjeos ysop f

I".
AxoH

Hy Knéy:
(jearpo)

Cnuxa 2-10: [Topeljerse npupogHOr U BEITAYKOT HEYPOHA 10 BHX0BO] cTpyKrypu [86], [87]

Csaku Heypon y ANN ce cacToju 0 ynasHuX Besa (Koje CUMYIUpajy AeHAPUTE Y TPHPOIHUM
HEeypOHHMMa), aKTHBalMoHe (YHKIHje Koja TpaHcopmHIle NOHASpPUCAHY CyMy yinasa y
BPEHOCT Ha M3/1a3y H HMa caMo jejlaH M3J1a3 KOjH MOKe Ja ce IpaHa M Moxke Ja Oyie ylas 3a
BHILIE JPYTHX HEYPOHA (CIMYHO KAO IITO ce DMOIOIIKH HEYPOH BE3Yj€ 3a AEHAPHTE M CTBapa
cunance). ANN yuM Tako 1ITo TofelaBa TeXHHCKe (aKkTope aHalOrHO jayMHaMa CHHAICH Y
OHOMOLIKHM.

Kako 6u ANN Ouna y cramy jga npenosna y 6yayhHocty Hekn of madnona, Hajmpe Mopa
npohu kpo3 a3y TpeHHHTa — 00yKe, anropuTaM yuema (eHri. Learning algorithm). Y3 nojam
ANN u BHUXOB TpeHHWHT, mapanenno ce cpehy Tpm Baxkna mojma: enoxa (enrn. Epoch),
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BeIMYHHA cepHje (eHrn. Batch size)' m Opoj urepauuja (enrn. lterations). Jeapa enoxa
npeAcTaB/ba jefaH NpoJia3 Hamlped M Hasal Kpo3 cBe mpuMepke TpenuHr ckyma. Cepumja
npejcTaBiba ofpelen Opoj mpuMepaka TPeHMHT CKyNa y jeJHOM TpONacKy Hampen-Hasaji.
Benuunna cepuje ce onpehyje kao jeman on xumepnapameTapa (Beha cepuja 3axtera Behy
MeMopHjy). bpoj urepanuja omucyje Opoj mponasaka Hamnpeq W Hazan kopucTehu BenwuHHY

cepuje.’

2.10. Apxutektypa ANN H xunepnapamMeTrpu Mpexe

Y HajuinpeM cMucay pedeHo, apxutektypa ANN oapelyje meH 00IHK U CTPYKTYPY, OTHOCHO
Opoj cnojera, 6poj HeypoHa Y lHMAa W HAYWH TIOBE3HBaa cllojeBa U HeypoHa y iuma. O came
ctpykrype ANN saBucH meHa crmoco0HOCT Ja HM3By4Ye KOPHCHE 3aKJbYYKE W3 IOJATAKa,
HPETBOPH HX Yy 3HAKE M I'EHEpPaIU3yje CTeYEHO 3Hambe Kako OM ra NPUMEHHJA Ha HOBE,
HEIO3HAaTe IPUMEepKe I0JaTakKa.

ANN ce MoikKe ONHCATH Kao OpHjeHTHCAHH, allMKIMYHN Tpad), a CBaKH HEYpOH je (yHKLMja
npenoca. Kako cy HeypoHM OpraHM30oBaHM y ClojeBe oHJa ce Moxe pehu ga Oasmumy
CTPYKTYPY YHHE TPH OCHOBHA: YIIa3HH, H3JIa3HH U CKPHBEHH ¢J10j (WU CIIOjeBH, ONIMOHO) [88],
[89], [90], [91]. Bpoj ckpHBEeHHX ClIOjeBa 3aBHCH 0J] CA0XKEHOCTH MpodeMa KOjH ce pelrasa H
4uHU CBOjCcTBO ayOmHe Mpexke. Cnuka 2-11 npukasyje CTPYKTYpY jeJHE NMOTIYHO ITOBE3aHE
ANN .

»
: ]
I ]
I
I I
] L]
) ]
] N ]
Ynazwu | Mpeu Mocnedwu | M3nazHu |
cioj | | CKpueeHu cKkpuseHu || cnoj i
) . o |
i cnoj cnoj i i
(R TS o P ST LT O (- SRR L R, | e 4

Cauxa 2-11: Onmru npuka3s ctpykrype nornyHo nosesade ANN [63]

' O cepujama he kacuuje Gy BHie peun.

2 N N
“ Ha npumep: Ako y tpenuur ckyny uma 1000 npumepaka a 3ajara sennynda cepuje je 500, norpebue cy ase urepaumje ja
0w ce M3BPLIMIA je/IHA eHoXa.
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Y CKpHBEHHM cJIOj€BHMA, 32 CBAKH HEYPOH j CyMHpajy ce YNIa3sHH CHTHAIHM X; HAKOH INTO Ce
HNOMHOKe ofrosapajyhum TesxmHaMa Bese wj. Ca CTAHOBMILTA jETHOT HEYPOHA, HETOB YIIa3
4yHE MPOMEHIBHUBE XJ,....X, a TNPOMEHIBMBE W;j,..W;, NpeICTaB/bajy TexkHHe Bese H3Mely
HeypoHa. CBakd HeypoH je mapamMeTpH3oBaHa (yHKIHja Koja HajlIpe BpIIM JIMHEApHY
KOMOHHAIIH]y CBOjHX yla3a (JIMHeapHU MOJel, Kao KO TMHeapHe WIH JOTHCTHYKE perpecHje)
a OHJa BPeJHOCT TOT JIMHEApHOT Mojena npociuehyje y pynximjy f (akTusauvony gpyHKIujy).
Oea ynkumja Tpeba Aa 33 J0BO/bH HEKE KPUTEPHjyMe: HEMPEKUIHOCT, AU(epeHIINjabHIHOCT
¥ MOHOTOHOCT.

V3umajyhu 3a akTuBauuoHy (YHKIMjY HEKY HeNMHeapHy (yHKIMjy, jenaH HeypoH he
npejcTaB/baTH jefaH Moien noructuuke perpecuje. Ilomasmajyhu Taj mpunumm 3a cBaku
HeypoH ANN mocTaje KOMIIO3HIM]ja BETHKOT Opoja TOrHCTHYKUX MOJENa.

Hsna3z u3 cBakor HeypoHa je onucaH cneaehom dopmymnanujom (12) [89]:
Y= fQwix), (12)
rje je f mpescTassba akTuBaluoHy hyHkumjy, W; cy Texuncku pakropu a X; ynasu y HeypoH.

VnasHe jenuHHIE NpPBOr c0ja ce HAa3HBAjy Yla3uMa y MpeXy JOK je H371a3Ha jeHHHIIA
HOCIEET CI0ja — U371a3 M3 Mpeske. Y Ia3HHU CJ10j TpHUMa nofgaTke u npocinelyje ux kpos ANN
IpeKo CKPUBEHHUX CNI0jeBa KOjH MOBE3Yjy NPBU U 3a1bH c1oj. YKoauko ANN cap:xu BHILE O
JjeIHOT CKpHUBEHOr clioja oHa ce Ha3uBa ayOokom ANN. Jenunuie u3 jeasor cioja npuMajy cee
aprymeHTe (kao ynase) u npocielyyjy ux jenuHunama HapenHor cioja. Hajmpoctuje peueno,
M3J1a3H U3 jeJHOT ClIoja Cy YJa3sHy HapeIHH ClI0j, Te Ce BPeAHOCTH HEYPOHa CKPUBEHHX CIIOjeBa
MOTY cMaTpaTH HOBMM aTpHOyTHMa odjekaTa HaJ KojHMa OCTaTaK MpeXke yUH alpOKCHMALIH]jy
uJbHe (yHKIHUje. Y CKpPHBEHUM CJIOjeBHMA C€ KOHCTPYHIIy HOBH aTpHOyTH, Haarpahyjyhu
noctojehe uMMe OHH TOCTajy cBe ciokeHHju. CBakd HEypoH y CIIOjy MNpoJlasH Kpo3
aKTHBAaLMOHY (DYHKIHjY KOja ce IpHUMEmYje Ha H3Ia3y HeypoHa. M3masHu cioj ce cactoju o
HeypOHa KOjH HOCe pe3ynTaTe M 3aBUCHO 0[] 337aTKa MOXKe CaJpiKaTH jeaH UM BHIIe HeypOoHa.

Moaen ANN 6u ce morao gedunmncatu cnenehum n3pasom (13):

=X
h=gWh_ +w,) edeje i=12,..L" (13)

rIe je:

® X BEKTOp YNa3HUX MPOMEHJBHBHX,

e [ je Opoj cinojena,

e Wi je MaTpuua 4uja j-Ta BpcTa NpeACTaB/ba BEKTOP BPEAHOCTH NapaMeTapa jeJHHHLE j
y cnojy i,

® Wi IPEICTaBba BEKTOP CNOOOAHMX YIaHOBA JTMHEAPHUX KOMOWHAIMja Koje jelMHHIIe
i-TOT CJI0ja U3padyHaBajy,

e ¢ je HeIMHeapHa aKTHBalMOHA (PyHKLHja.

3a BekTOp Vv, g(V), MpEeacTaBiba BEKTOp (g(vi), g(vzj,...,g(vaJT, rac je m AMMCH3HOHAIHOCT
BEKTOpa.

[To3naTo je na cy neppopmance ANN ocerspHBe Kako Ha Opoj ciojeBa Tako ¥ Ha Opoj HEYpoHa
y crnojeBuma. [Ipemano HeypoHa MOXKE pe3yNTHPATH JIOLIOM anpoKCHMAlHjOM, 10K NPeBHILe
HEeYpOHa MO3Ke JONPHHETH npoliemMuma npeoOyuenocty (eHr. Overfitting, Conka 2-12) wto
jacHo HarmamiaBa Jucrpornopuujy uiMely mnoctmzama 6Gomux nepdopMaHcH Mpexe H
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nojeAHOCTARLEHA Tononoruje Mpexke. [Ipeobydena Mpeka uma 106po yknaname, GUTOBALE
(ewrn. Finting) caMo Ha TPEHHHT CKYNy OOK 3a HOBE MOJAaTKE HMMa jako crmaby moh
NpeTro3HaBaba 1wabioHa.

Kako Om ce mpeBasmmao mpobnem mnpeoOydyaBama mnpuOeraBa ce HEKOM OJ THIIOBA
perynapusanyje o kojoj he xacHuje OMTH BHIIIE pedm.

5 sKnaca1
. o Knaca 2
LI
L]
. ™ »
L
. ® . .
.
L
NpeatydenocT
{ewen, Overfit] g - L.
. - '. .

L4 .
™ .
.
. . =
.
. * .
.
- .
()
' BoGipoyknaname
& Pl s & Jonrn. Good fit)

Cnuka 2-12: Mnyctpanuja npeobyueHOCTH (3e1eHa THHH]A) U J00pOT yKIanama Moj1 YTHIAjeM
perynapuzauuje (Jbyouuacta mnuja) [92]

AyTopH y HOBHjHM pafgoBHMa HcTHHy BaxkHOCT ANN Kao 1 lUX0Be JyOHHE ka0 Haj3HAuajHH]jer
€JIEeMEHTa, BayKHUjer o1 Opoja HeypoHa y ciojeBuma [93], [94].

Apxutekrypa mozena ANN je ompehiena cBuM Besama Mpexe M HPEHOCHHM (DyHKIIHjaMa
HeypoHa [95] kpo3 koje ce mpoctupy uHpopmaimje. Ilpema cmepy y kome ce Bpumu
npocTHpame HHpopMmaryja, Bumecnojue ANN ce MOTy OAENHTH Y JIBe OCHOBHE IpyTe:

e MpeXke ca MpocTHpameM yHampen (eHrn. Feedforward Networks), Mpexe KOJ KOjHX
BHILIM cJI0jeBH He Bpahajy nHdopMaiijy y HHKe cllojeBe U

e Mpexe ca npocTupameM yHasaq (eHrn. Backward Networks), Mpesxe Tlie BUIIH CII0j eBUH
Bpahajy nudopmanuje Hazan y Imxg CJI0jCBE.

I'oBopehu o ANN, najuenthe ce MHCIH Ha Mpeke ca MPONAralyjoM YHAIPel HIIA BHIIECIIOjHHA
nepuentponn (enrn. Multilayer Perceptron, MLP). OcnoBHa cTpykTypanHa jequauna MLP
MpeXe jecTe mNepLenTpoH, mno3HaT Kao PosenOmatoB nepuentpor’ (eHri. Rosenblatt's
Perceptron) [96], [97]. MLP je momen ca myboxum obyuaBamem [64], [98] 1 npenctasiba
Hajuemthe xopuihen Tun ANN ca npocTupamem yHanpen, nocebHoO 300r BUXOBOT Op30r paga
n nakohe mmmnementaunje [89], [99], [100], [101]. [IpocTHpame yHampen 3Ha4H Ja TOK

3 MepuenTpon je Hajpanuju mogen ANN. [peu pajosy Ha TeMy MEPUENTPOHA JaTHpajy jour u3 1943, roauue u notu4y o
Warren McCulloch-a n Walter Pitts-a 1943. roause a kacuuje n o1 Rosenblatt-a (1958.), Minsky-or u Papert-a (1969.).
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CHTHATA KPO3 Mpexy Hampeayje y IpaBIy Hamlpes, ¢ JieBa Ha JecHO U Ha 6a3u cnoj 1o cnoj. ¥
OBOj MPE¥KH Cy HACHTH()HKOBAHE ABE BPCTEe CHrHama [96]:
¢ (pyHKIMOHANHHU CHUTHATH — YIa3HU CHUTHAN (CTUMYIYC) KOJU JONAa3H Ha yJa3HOM Kpajy
MpesKe, IHPH ce Harper (HeypOoH Mo HeYPOH) KPOo3 MpPEXy M I10jaB/byje ce Ha H37a3HOM
Kpajy Mpeske Kao H3Ia3HH CHTHAI H
e CHUTHAIHM TPElIKe — CHTHAJ Tpellke MOTHYe Of M3Ja3HOT HEeYypOHAa Mpeske M LIMPH ce
yHa3aj (cJoj 10 ¢I0j) Kpo3 MpPexy.

Y mpotiecy Koju ce Ha3uBa Mpollec Tponarauyje WM NpocTupama yHanpeq (enrn. Forward)
mpauyHasa ce m3na3 u3 ANN kpo3 Tpu rnaBna kopaka:

. yna3 Mpexe ce KONupa y akTHBALMjy YIa3HUX jeJMHALA;
2. CKpHMBEHH CJIOj€BH H3PAYyHABA]y CBOje AKTHBAIIH]j€ TOMOJIOIIKHM PEIOM;
3. H37a3HHM CJI0j H3padyHABa CBOjY aKTHBAIMjy M Komupa je y usmas mpexe [102].

Mpexa ca npocTupameM yHampen AehuHMIIe Manupany (QyHkuujy y = f (cw) u yuu
BPeIHOCTH ITIapamerapa HpeICcTaB/beHe Y BHAY MaTpHile w, INTO pe3ynTHpa Haj6osoM
¢yskuujom anpoxkcumanuje [64], [103], [104].

IlpoMeHa TexKMHA Y CBAaKOM CKPHBEHOM CJIOjy TIpe M3Ja3HOT, M3padyHaBa ce 1o ciefchem
obpaciy:

Wi (k+1) =w; (k) + puf '(net, (k) &, (k) f '(net, (K)w,, (k)u;;, (14)

rae je (ZﬂSﬂ(k)f'(ﬂefﬂ(k))w@-(k)) CyMa JIOKQIHHX Tpellaka CBHX H3Ja3HUX HEYPOHA,

MNMOMHOMKEHHX TEKHUHCKHM Cl)aKTOpOM.

Anroputam MLP yuu ¢ynkumjy fi) : R"—R? oOy4yasajyhn Ha 03HaY€HOM CKyTy IOJaTaKa, e
7 IpeICTARIbA THMEH3H]Y yJIa3a, a 0 JUMEH3U]y U3Ja3a. YIazHu napamMeTpH NPeCTaBibajy ce
BEKTOPOM X = X1, X2,..., Xn, JOK C& H371a3H MPEACTABILA]Y BEKTOPOM Ypred = Vipred, Y2pred,. .., Ynpred.

Kao 1 ko[ ApyrHxX METoIa MAIIHHCKOT yUetha, MOCTARJbAE ONTHMANHHX MapaMeTapa MoJiena
ANN ce BpIIIM MaTEMaTHYKOM ONTHMH3A1[HjOM HEKOT KPHTepHjyMa KBaIHTeTa anpoKCHMalHje
W TIPEJICTaBJba NpaBy u3a3os [63].

Ilepopmance ANN 3aBHCce IPBCHCTBCHO O IbCHE apXHTCKTYPE H MapameTapa HOCTaBIbCHUX
IpH BEHOM MojenoBamy. [lybiba apxuTekTypa Hajuemhe 3Ha4M Ja je Mpeka eukacHHja, a
caBpeMeHH TpeHA y Teopuju ANN HcTHYe NpeaHOCTH MOCTOjala IITO BHINE CKPHBEHMX
cnojeBa, ucnpes BemmunHe Mpexe [94]. Mnak, moj apXxuTeKTypoM ce He MUCIIH caMo Ha Opoj
CKPHBCHHX CJIOjcBa M HCYpOHa y HHMa, Bch M Ha M300p akTHBaLMOHE (yHKIUje, PYHKUHjC
rpeirke KopumheHe 3a TPeHMHT MpekKe, MEeTpHKe KojuMa he OMTH M3MepeHa MPELH3HOCT
Mofena, UT.

Tewmko je M3BecTH YONIITEHH 3aK/byUaK Kada Ccy MOJelLlaBama XHUIEpIapaMeTapa y MHTamy.
AyTopH ce olyBeK Claxy Ja He MOCTOjU pelenT 3a YCHEIHOCT Mojena Koju 61 ocHTypao
oNTHMaNHe pe3ynTaTe Beh 1a ce A0 HHX J0NA3H eMIHMPHjCKUM TyTeM Ha OCHORY ja00por
no3HaBama npobnema koju ce pemasa. Mmak, ayropu y [105] nctHuy Heke o1 Haj3Ha4ajHHjHX
3aKJbydaKa Kaja je apXHTeKTypa U IocTaBKa XHIepnapameTapa y ITHTambYy:

¢ 3a najOosse neppopmance ANN Tpeba na uma 2 unm 3 cKpHBEHA clloja;

e 0Opoj HEYpOHA Yy CKpHUBEHUM CII0jeBUMa Tpeda Ja Oyae npuwiarohen cKyny nogaraka anu
Hajmame 100 neypona ma 6m ce mocTturne HajOo/be mepdopmance, ma 4ak M J0
HEKOJIMKO CTOTHHA HEYPOHA;
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e perynapHaldja y BHIY 3aHeMapHBama Jela HeypoHa (eHri. Dropout) Urpa BaxHY
ylory, a HajooJbe pesynTaTe Jaje Kaja ce IpUMEeHH 3aHeMapuBame o 50%;

e Taycosa muctpubyuuja (eurn. Gaussian distribution) 3a HacyMH4HO H3abpaHe
BEJIMYHHE TeKWHA W OHaca (eHrI. Bias) y cBakOM cllojy fajy HajOoJke pesynTare;

e 0Opoj enoxa He Ou Tpebano orpann4asatH, Tpedba qa ux Oyae Hajmame 300 y cknamy ca
moryhnoctima. Mako Bemiku 6poj enoxa 4ecTo JOBOAM 10 NpeTpeHHpama MpPeKe, ca
ynoTpeboM 3aHeMapuBaiba JeNa HeypoHa 0 Tora He ou Tpebano aa gohe;

® 3a aKTHBAIHOHY (PyHKOMjy y omuTeM ciyuajy npenopydyje ce ReLU (enrn. Rectifed
linear units) 3a cKkpUBEHE CJI0jEBE JIOK CE 3a M3JIa3HH cJ10j OMpa (PyHKIMja 3aBHCHO O[]
BpcTe npobieMa KojH ce periasa.

2.10.1. CkpuBeHH cJI0jeBH

3a pemaBame jeJHOCTaBHHjHX podIeMa 00MYHO ce KOpHUCTe TYcTH (eHr. Dense) ClojeBH anu
3a pemaBambe BehuHe peamnux mpobmema To HHje moBosbHO. [loGomuamy mepdopmancu
MOJENa 3HATHO JONPUHOCH HOpMaiM3auuja ynasza y cioj ANN Mozena anu 4ecro nuje
J0BOJbHA ynoTpeba HOpManu3aldje caMo Ha ynasy y npBH (eHri. Input) cnoj. M3nasue
JEIUHHIIE U3 CBAKOT CKPUBEHOT CJI0ja (Ha mpUMep, cioja k-1) mpeacTaBbajy yjemHo H yla3He
JeOHHHIE Y HapeaHH cioj (cmoj k).

XeypHCTHUKH, OTKPHUBEHO je Ja 00MYHHM, TYCTH CI0jeBH HEYPOHA He J1ajy JA0BOJRHO MpelU3He
npeaukiuje. CTora Cy CKpHBEHH CIIOjEBH y NPeUI0XKEHOM MOJETy CAuHILCHH OJ JBe BpPCTe
ciojesa. IIpBy BpcTy umHe (rycTu) cnojeBH ca HOpManuzauujoM TexuHa (enrin. Weight
Normalization Layers, ckpaheno WNL) y cBakoM cl10jy, a ApYyTY BPCTY YHHE CJI0j€BH KOJH BpILIE
HOpMaJH3allijy aKTHBallMje NPeTXOJHOr clioja Mpe ylnacka y HapenHu cioj (eHrn. Layer
Normalization Layer, ckpaheno LNL) [57]. OBa BpcTa cl10ja BpILIM HOPMaTH3aLHUjy He3aBUCHO
32 CBAaKM MNpHMEpaK y cepHju He obasupyhM ce Ha BEIMYHHY cepHje 3a pasiHKy Of
HOpManm3auuje cepyje (enrn. Batch Normalization, ckpaheno BN) (Cnuka 2-13).

Batch Norm Layer Norm

Merged Spatial

M d Spatial
Dimensions (H,W) erged Spatial

Dimensions (H,W)

Channels C Channels C
-
»~

Mini-Batch Samples N Mini-Batch Samples N

Y

Cauxa 2-13: [Mopeheme HopMaM3alKje Ha HHBOY CepHje W Ha HUBOY cnoja [57], [106], [107]

Cnoj nopmanmszanuje (LNL) je mpeu myTt npeactaBmen 2016. rogune n yop30 je Hamao
npumeny y sehem 6pojy npobnema y oqHOCy Ha Apyre THIoBe Hopmanuzanuje [107]. Hacraje
u3 noTpebde Aa ce npeBasul)y HeJOCTalM APYTHUX BHIOBAa HOpMaU3aldje TEKHHA Y ClIojeBHMA
IITO Cce MOCTHXKe NMPUMeHOM TpaHcdopMalHje Koja OfpikaBa cpeliby aKTHBAIWjY 3a CBAKH
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npumepak Onuzy 0, a cBaky craaapiaHy AeBHjauHjy 6mmsy /. Bpoj Heypona Ha H31a3y oBor
ClOja je MCTH Kao M Ha ynasy, a HOpMaau3allMja CBAaKOT HEYpPOHA y CIOjy ce padyHa Ipema
topmynu (15):

1 &

1 1
= — al.
% HZ}

[T ’
o' = =2 (a; - ')’
HIT #

e H o3nauaBa Opoj CKPHBEHUX jeMHHUIIA Y CIOjY,

® 1[0] HOPMAIH3ALMjOM CII0ja, CBE CKPUBEHE jEIMHHIIE Y CIIOjy JENle HCTE YCIIOBE
HopManm3anuje 3a ML W O, anu pasnmuuMTe MHCTAHIE UMajy MehyCcOOHO pasiiunTe
YCIOBe HOpMaTH3aIHje.

15)

rae BaxH:

LNL nemajy akTHBALMOHY ()YHKIIH]Y.

CnojeBu Koju BpIle HOpMaNH3alHjy Te:KMHA HA HUBOY cioja (WNL) pane To Hopmanusyjyvhu
TexKMHe yMecTo akTuBauuja. Hopmanusanuja Texune penapamerpusyje TexuHe w (BeKTopa)
6uno xor cnoja y ANN mro je maro uspazom (16):

w="2 v, (16)

M

Benuuuna H||w||H = g Yy TPeTXOJHO] jeJHAYMHH je He3aBHcHa of mapameTpa v. WNL onsaja

HOPMAJTH3al{jy BEeKTopa 01 BEeTOBOT NMpaBlia 11a je BEKTOp KOju ce 00y4aBa Ha Jasbe 3ampaBo
BekTOp v. 3axBasbyjyhu cBojum oanukama, WNL crojeBu yOp3aBajy KoHBepreHUHJy He
yBogehu nuxakse 3aBucHOcTH H3Mmely nmpumepaka y MuHHH-cepHju, a gonpunocehn Opixem
TPEHUpaby MPEKE.

2.10.2. AkTHBaHOHA (PYHKLIHja

AxTtuBanmona (pyHkuuja (eHra. Activation Function) WiH KaKO ¢€ MOXKC CPCCTH Y JTUTCPATYPH
¢yukumja Tpancgepa (enri. Transfer Function) 01 ce Morna Ae)UHHCATH Kao HAYMH Ha KOjH
ce TexUHCKH hakTopu oOpadyHaTH Ha yaasy y cloj TpaHcqopMuiry y u3nas (o1 HeypoHa 10
HEYpOHa y JEOHOM CNOjy). AKTHBaHOHA ()YHKIHja JONPHHOCH HENHHEeapHO] CHOCOOHOCTH
Mojena, OJHOCHO, JeNHHeapusyje H3la3 W3 HeypoHa Kako OM ce MHIMBHIyallHH HEYPOHH
MOTJIM KOPUCTUTH Kao ynasu y caeachu cnoj. IlocToju BUIIe akTHBaMOHMX (PyHKIHja a y
OCHOBH OM ce MOrfie NOJETUTH Y JBE BEIHKe IPpyTe:

1. nuHeapHe akTMBalMoOHe (pyHKUUje (eHrn. Linear Activation Function) u
2. HenuHeapHe akTuBauHoHe (yHKIHje (eHrn. Non-linear Activation Functions).

H3060p akTHBanMOHE (PYHKIMje MMa BEIMKH yTHIA] Ha cocobHOCT ANN fga yuu ¥ KOpHCTH
Hay4YeHO a dYecTo ofmabup onrosapajyhe axTuBaiHoHe (yHKIMje TPEACTaB/ba jeJaH Off
HajBehux n3azoBa. HepeTko ce nemapa qa 3a pa3nmMuuTe JeloBe (CI0jeBe) MOJENa OAroBapajy
pa3sIHYNTC aKTHBALHOHE (DYHKIHjC Ma cc Yy apXUTCKTYpPH jeAHOr Mofena Hajuciihe KOPHCTH
JIB€ MM BUILE BPCcTa akTHBALMOHUX (pyHKIMja. Hajuenrhe ce 3a ymasHu cloj KOpUCTH jeaHa
aKTHBalMOHa (yHKIIHja, 32 CBe CKpHBEHE cJ0jeBe APYra M OIeT 3a M3Ma3sHH ClOj, CXOMHO
npobnemy Tpeha akTuBanoHa yHKIHja.
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Haxo, y ocHoBu O0mno koja (pyHKIMja MOKE HMaTH YIOry aKTHBAallHOHe, 0OMYHO ce 3a
akTHBauMoHe (QyHKuHje OMpajy oHe (yHKIHMje unjn 00MMK JETHHEapH3yje yna3 Ha TpaKeHH
HAa4MH U 4MjH U3BOJ je OroJaH 3a U3padyHaBame y oapehenom Tuny mpexke. [Ipema [105], 3a
CKpHBEHE cJojeBe Hajuelthe ce kopuctu ReLU (pexTuduKoBana, HCTIPaB/bLEHA) alld HEPETKO U
Sigmoid (noructuuka), Tanh (xunepbonuuna) WiM nuHeapHa (Hajuemhe 3a M3Ma3HU CTOj)
¢ysknuja (Cnuka 2-14). CBe TpH ¢y 1o NIpHPOIH HEJMHEApHE.

a ¥naswmcnol | | 1. Crpuessm cnoj | 2. Cxprapetn cnoj Wanaawm croj

(4‘. (
DR
'7.

A S
X
YK
o‘o‘

Ynazu =0 25 00 25 50

RelLU - Sigm - Tanh

Texunue

Ciuka 2-14: Axtueanmone dyuxmuje [105]

Curmonjna (JnorucTHuka) GyHknuja onTumusanMje Ouna je Hajuemrhe kopuimhena amu oHa
WINaK HUje HAJTIOTOIHH]a H He O[roBapa cBakoM npobnemy. CurmonaHa ¢pyHKHja (jemHaunHa
(17)) je xoHCcTaHTHA 3a CBE BPETHOCTH OCHM 3a OHe OIM3Y HYNH, Ma c€ HOME TPAKTHYHO
aHyIHpajy rpagHjeHTH IWTo OTekKaBa HIH FOTOBO MOTIHYHO oHeMoryhasa yueme:

1
(x)=——. (7
O
Tanrenc xunepbonuuna pyHKIMja je Ayro Omna y mupokoj ynorpedu M TO 4ak ca Bchum
yCHeXoM OJ CHTMOMAHE jep je y OnM3MHHM Hyne OnMcka HMAGHTHTETY IITO OJaKIlaBa
onTuMH3anyjy (jennaunna (18)):

_sin h(x] e —e’
 cos h(x) e e

tanh (1) (18)
Tpeha, ReLU (pexrndukoBana, mcrnpae/beHa IHHEapHAa jeAWHHUIA) NpeACTaB/ba Hajuenihe
KopHuiiheHy akTHBallMOHY (PyHKIH]y ToceOHO 300T CBOj€ jeAHOCTABHOCTH ajll U CBOjCTaBa y
onrumuzanuju. Mako osa ¢yHkiHja nma oapeleH crenen HeaudepeHIIHjabUITHOCTH, IAHCE 12
ce nohe mo Te Tauke y mpoliecy ONTHMH3allUje HUCY BelMKe, a UIaK ako J0 Tora U gohe y
KacHHjCM TOKY ONITHMH3alLHjc Ta rpemika he Outu Hanoknalhena (jeqnaymnna (19)):

Re LU (x)= max(0,x) - (lg)

W3Boa y nuHeapHOM feny oBe  yHKIH]je je KOHCTAHTHO jeJHAaK jeJUHHLH 1ITo oMoryhasa Opiky
KOHBepreHuHjy. PaBan neo yHKIHje neBo o1 HyJe NPeACcTaBiba NPoOIeM 3a ONTHMHU3ALIH]Y .
HucTtanue 3a Koje je akTHBallMoHa (PYHKLMja jefHaKa HyJIM HE YTHYY HAa ONTHMM3ALHjy Ma ce
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Kao MoauduKanrja oBe PyHKUHje no0Hja nakowena (enrn. Leeky Rectified Linear Unit), xoja
3a CBaKM NapaMeTap X, Jaje BpeAHOCT MakcuMmyma usMmehy x wmm alpha*x thoe je alpha
KOHCTAaHTa ca BeoMa MalloM MO3HTUBHOM BpeaHouhy (jeanaunna (20)):

Leaky Re LU (x) = max(alpha * x,x) . (20)

2.10.3. Pynkunja onTHMH3ANHK]eE

VY nuTepaTypu ce 3a (PYHKLUHjy ONTHMH3ALHje NOjaBJbYje HEKOIMKO CHHOHMMA: (pyHKIMja
ryoutka — 1ieHe (enrn. Cost), dpynkiuja rpeurke (enrn. Error). Unak, nako xopumhenn kao
CHHOHWUMH, Y HEKOj JUTEpPaTypH TEPMHUH 2peluKkd ce OJHOCH Ha TPEIIKy U3MepeHy Y jeaHoj
TaukH TMoJaTaka, a cost je Mepa Koja H3padyHaBa IpeliKy (IpocevHO HIH 30HpHO) y 1enoM
CKymy nojaTaka [83].

dynkmmja ontummsamyje y ANN je sampaBo pyHKIMja KOja cC KOPHCTH 3a ONTHMH3ALH]Y
TEXXKHMHA Yy MpPEXH Kako OM ce MHHMMHU3Mpana Tpemka y npeasubamy. Onabup ¢yHxuuje
ONTHUMH3ALM]E j€ jefaH o KJbYUYHHX, jep pa3IuduTe () YHKIHje MOTY YTHLATH Kako Ha Op3HHY
KOHBEpreHIje Tako 1 Ha CTabMIHOCT U (Q/I KBAJIUTET pellerba.

[TocToju BuIIe (yHKIMja onTUMHU3AIU]e KOje ce MOoTy KopucTuTH Y ANN a u3bop 3aBucH of
3amaTka Tj. n30opa n3naza [64], a nexe on Hajuenthe kopumhennux cy:

e rpanujeHTHH cnycT (enrn. Gradient Descent) Xoju mpeacTaBba W Hajuenihe
kopuitheny (YHKUIHjy ONTHMH3allHje, KOja C€ 3aCHHBAa Ha padyHamy TIpagdjeHTa
(yHKIMje TpelIke 1o TeXKHUHaMa 1 KopHihemby TOT TpaaijeHTa 3a &KypHpambe TeKHHA
y Mpexu. Kao n Behuna ontummzanmonux (yHkIHja, rpaaujeHTHH CIOYCT C€ 3aCHUBA
Ha TIOCTENEHOM M HTEpaTUBHOM TpHOMIDKaBamy pellemy Mofazehd u3 HaCcyMHUHO
uzabpaHe Tauke y NIpaBly IpaaujeHTa. AKO Cce Tauka Iola3a oDelexkd ca Xg CBaka
HapejaHa Tauka ce Jo0Hja MPHMEHOM IpaBuia U3 u3pasa (21):

Y =X -V f(x), (21)

rae je &) nyxuHa Kopaka Koja ce y3uMa y CYIPOTHOM IIpasily 01 TIpaBLia rpajujeHTa;

e CTOXAcTHYKM TpagujeHTHH choycT (eHrn. Stochastic Gradient Descent), ciu4an
rpagujeHTHOM CIIYCTY, ald ce KOPHCTH caMo MOJACKYIl y30paka TPEeHHHI CKyIa 3a
padyHame rpajHjeHTa, IITO YHHH aMropHTaM e(HKACHHjHM H Op:KHM 3a BeJHKe
CKYIOBE MoAaTaKa;

*  Adam onrtummzatop (eHrn. Adaptive Moment Estimation) je aJanTHBHH aJTOpPHTaM
ONTHMH3aLHje KOjH KOPHCTH MPOLEHe NMPBOT U APYTor MOMEHTa rpagujenTa (pyHKLHje
TPELIKE 3a aXKypHpabe TeKHHA;

e RMSprop onrtummsatop (emrn. Root Mean Square Propagation) je anropuram
ONTHUMU3alLHje KOjH OJpixaBa TOKPETHE cpelibeé BPeJHOCTH KBajgpaTa IpagujeHTa
¢yHKLHje rpellKke Kako O ce NPHIaroQHo pa3THYHTHM CKanama IpagHjeHTa;

* Adagard ontumusatop (eHrin. Adaptive Gradient) npunarolasa cTomy yuema 3a CBak1
napaMeTap Ha OCHOBY HCTOPHj€ TPaIHjeHTa;

* Adadelta ontnmmzarop (eurn. Adaptive Delta) je crmuan Adagard-y, Tj. npeacTarba
meroBy yHanpeheny pepsujy. Hanpenax oBor ontummsaTtopa y omnocy Ha Adagard
Orlefa ce y ajalTHBHOM CKalHpamy cTeneHa yuema [108].
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2.104.Crona yuemwa

Crona y4ema, (eHrn. Learning Rate) je jenaH o HajBaXKHUjUX (XUIep)apaMeTapa KOjH yTHUe
HA Kpajii ucxoJ — Opsuny ydyema Tpenupade ANN. Croma yuema 6u ce Hajnaxiie Mmoria
00jacHUTH Ka0 MarHATy[a [POMEHA, OJHOCHO LKyPUpama TEeKHHA MOJENa TOKOM IpoLueca
o0yke ca HampeTKOM yHaszan (eHrn. Backpropagation). BpeTHOCTH Koje eKCTepT y3uMa 3a
CTOIY Yyuema cy Hajueuthe Bpio Mane (nosurueHe BpexHocTd usmehy 0 u 1). ¥V Toky oOyke
MOJena ca MPONaraujoM yHAa3aJl TEKHHCKH (DAKTOpH MOJENa ce axypupajy Kako oum ce
cMamsuIe rpenike gynkuuje ryoutka (enri. Loss Function). YMecTo ga ce BpeIHOCTH TeKHHA
QXypHpajy kKopucTehn myHe H3HOCE TPaJHjeHTa, OHE ce MHOXE ca BpeAHOWhy cTone yuema.
Ha npumep, nocTasbameM cTone yuewa Ha 0,2, 3Haunno 01 axypupame IMOHAepa TaKo LITO
Cce IpollekeHe TeKHHE TpelaKa (TpajIijeHTH WK IPOMeHa YKYIHe rpemke) Maosxke ca 0,2.

JacHo je ma crona yuema AUKTHpa Konuku he OUTH cTeneH (kopak) oNTHMH3aLKje Y HOTPasn
3a MUHUMYyMOM ¢yHKHje ryouTka. [To je ctenen yuema Behn, Beha cy 1 asxxypupama Texuna,
anmropuTam he yduTu Opyke amM BpIIO JaKO OBO MOXKE YCIOBHTH IIpecKaKamhe MHHHMYyMa
OCLIMIIOBa-EM OKO caMor MuHHMyMa (Cnuka 2-15, cimka gecHo). Jpyra kpajHoCT, BpIio Malie
BpEIHOCTH 3a CTONY yduema, ycnosuhe Mana axypupama TexuHa wmro he HajBepoBaTHHje
ONTHMM3ATOp [MOCTENEHO BOAUTH JO0 MHMHHMyMa all TO MOXKe YCIOBUTH IIpedayro
KOHBEPTrHpambe WIH 4YaK JOBECTH 10 3aIllaB/bHBamba Y HETIOKE/EHOM JIOKAIHOM MHHHMYyMY
(Cmuxka 2-15, cimka neBo). OHO uyeMy ce TEXH jecTe DanaHC NMPH KOME je BEIMYMHA CTOIE
yuemwa ,,TAYHO J0BoJbHA™ (eHr. Just right) amu To ce y mpakcH jaxko Telko noctwke (Cimka
2-15, cnuka y cpenuHH). Y HealHOM CiIy4ajy, CTOIa HHje npeMana Ja Ou alroputaMm Morao
Ja KOHBEprHpa alli HHje HH IpeBelHKa Ja OM TO yBelO AlrOpHTaM y CTame NpecKakama
ontumyma [109].

1)) | 3(6)

a I g

a8

a) Mpemana apedHocm cmone yyetsa
Koja 3axmeea euwie Kopaka
(asypuparea) npu npoHanaxersy
MUHUMYMA ghyHKUUje

a) Onmumanna, “mayHo doeosHa”
apedHocm CMone yYera Koja ocuzypasa
5p3c}l NPoHANAMeHe MUHUMQMHe mayke

8) lpeaenuke 8pedHOCMU cMone yyera
Koja pezynmupa Haznum cKoKosuma

u apno mozyhie npeckakareem
MUHUMYMa yHKYUje

Cnuka 2-15: Crona yuema npeMana CTomNa yuekha (@), ONTHMAIHA CTONA yueHha (6) U MPeBeIHKa
cTona yuema (&) [109]

Cromna Yu€wa He MOpa Ja HMa Cl)HKCIIy BpEJHOCT Na Y CKIagy ¢a THM, YOIIIOTEHO ITOCMaTpaHo,
JABa Hajqemha Ha4HHA MOCTaB/bakbd IHEHE BPEAHOCTH CY:

® KOHCTAaHTHA CTONA Y4CIha — HCTa CTONA YUCHA TOKOM YHTABOr IpoLeca TPCHHUHTA 1
® JIpOMEHJbHBA CTOIIA YUCHA — 3anaje Ce MoYeTHa CTOIa Y4eHa, a 3aTHM Ce Y CKJlady ca
NoCTaBJLEHHUM YCIIOBOM (l'lJ'IaIICKH) cmaILyje BCHA BEJIMYHHA TOKOM IIponeca 06}'1{6.

IIpBu Ha4yMH ce J0cTa pelje KOPUCTH Na ce MPoONEeMH ca CTOMOM yuema perasajy yBohemeM
IIaHCKe TIpOMeHe cTome yuema (eHrn. Learning Rate Schedule). Tloctoju mHoro HaumHa 3a
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PeayKIjy BPEIHOCTH CTOTIE YUema Y TOKY obyuaBama. Heku o1 npucTyna noapazymesajy aa
ce CTONa cMamyje HakoH cBake (i ofpelhenor Opoja) emoxa MM KaJa METPHKE TOCTHTHY
3a1aTy BpeIHOCT, HTI. ['eHepanHo, NIaHcKe IPOMEHE CTOIE Yuela Cy yHanpe] JedHHUCAHH
OKBHPH KojH TpuiarohaBajy Op3uHy yuema H3Mehy HTepanmja WM ernoxa Kako TPEeHWHT
oamuue. ¥ ToM norieay Tpeba uMaTi Ha yMy (akTope KOjH YTHUY Ha IPOMEHY CTOINE yderba.
AKO ce KOPHUCTH mapaMeTap mpomnafama (eHrn. Decay) 3a cMambebe CTOIE y4erba, Mopa ce
EKCIUIMIMTHO HATACUTH Ja JIH ce IPOMEHE Bpllle HAKOH CBAaKe €[I0Xe MIK UTepalyje, 0MHOCHO
HAKOH CBakor Tponacka kpo3 cepdjy. Cpakako, Op3uHa M Ha4yMH TNIpOMeHEe Mopa OuTH
npunarohena npodnemy wrTo ce Hajuemhe noctwke Xeypucernuk. Ha cimnu (Cnuka 2-16)
NpHKa3aHHd Ccy HEKH O HauWHA NPOMCHE BENHYHMHE cTome ydema. Cnuke ox a) oo )
PECIEKTHBHO MPEACTaRbajy eKCIIOHEHIHjalTHO, CTENEHNYACTO 1 TMHEAPHO CMALELe U CIIY4aj
KaJa CTeNeH y4erha HMa KOHCTaHTHO 3aJaTy BpeaHOCT.

d!) eKCl’[OIIeIILIPIjEU'IIIO CMalkCHE CTOIC YHCHA 6) CTCIICHHYACTO CMamkCILC CTOIC YUCHa

o

—LR | —LR

=

Crona y4era (eHm. Learning Rate)

CTona yyetsa (eHm. Learning Rate)

0.0} 1 y i 1 1 0.0} T T 1 T
P s 0 o 100 x @ ) [ 100

BEpoj uvknyca (exrn. Epoch) Bpoj umknyca (exrn. Epoch)
S)J'[HIIeapIIO CMaAlBLCHC CTOIEC YUYCH:a Z)KOIICTEIIITIIEI BPEOHOCT CTOIIC YUCH:a
o8 —LR L —LR

CTona y<ewa (eHrn. Learning Rate)
Crona y4eta (eHmn. Leaming Rate)

0.0} T T T T T a al T 1 T 1 T
m 40 60 1] 160 0 4 6 L 0
Bpoj ymknyca (ewrn. Epoch) Bpoj yuknyca (ewrn. Epoch)

Cnuka 2-16: Paznuunt BHIOOBH NPOMEHE CTOIE YYEHA TOKOM IIpoleca TPEHHHTA

2.10.5. Beinunna cepuje 3a TpeHHpame

Cepuja je ckyn ynasHuX mpuMmepaka (y3opaka) koju ce oOpabyjy kao jenna nenuHa y Toky
TpeHupama Mojena. KopumhemeMm cepuja yMecTo 00pafe CBakor YIasHOT NpHMepa
nojeaunHaqno (eurit. Online Learning) 3HaTHO cMmamyje BpeMme oOpage n omoryhasa Opike
TpeHupame Mojena. Bennunna cepuje ce Hajuemthe ompelyje XeypHCTHUKH M TUIHYHO 3a
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nocmarpanH npobnem H mnpakTHyHO onpehyje konmuko ymasHux mnpumepaxa he OuTH
HPOLIECHPAHO KAao jefiHa LeNHHA Y TOKY TpEeHHpaba MOJEIA.

ITocToje Tpu THIIa rpaJgHjeHTHOT CIOycTa y OJHOCY Ha BENHUUHY cepHje:

e CcepHjcKH rpagujeHTHH cnycT (eHrn. Batch Gradient Descent) — KOPUCTH CBe y30pKe U3
cKymna 3a 00yKy Yy jeHO] enoxu;

® MHHH-CEpPHjCKH TpaJujeHTHH cnycT (enrn. Mini-batch Gradient Descent) — KOpUCTH
yHanpeq JeduHAcaHH Opoj y30paka U3 cKyma 3a 00YKy Y jeIHO] eroXH;

e CTOXACTHYKH IPaJHjeHTHH cnycT (eHT. Stochastic Gradient Descent) — KOpUCTH caMo
jeaH CIy4ajHH y30paK M3 CKyra 3a 00yKy Y JeIHOj CTIOXH.

Ha cnenehoj ey (Cnuka 2-17) je npHkasan npoliec onTHMH3anHje (G yHKIH]je TyOHUTKa ca cBe
TPH BPCTE CEPHjE.

— Cepuja
w— MuHN-cepuja

CroxacTuukmn
rpaaujeHTHM crycT

Cnuka 2-17: [Mopeheme onrumusamuje Gpynxnuje rybuTKa 3a YMTaBy cepHjy (I/1aBa MyTamba), MHHH-
cepuja (UpBeHa MyTarba) U CTOXACTHYKH TPaUjeHTHH ciycT (3eneHa nyTtama) [110]

KoHueHTpH4YHH KPYTOBU Ha CITHLH NPeACTaBIbajy KOHTYpe (yHKIHje TYOUTKa ca MHHEMYMOM
y uentpy. CBaku o IocTynaka ONTHMH3allHje TEXKH Ka MUHHUMYMY (HajMambeM KpyTy) alH ce
3aBHCHO OJ] BEJIMUMHE CKYyIla MojaTaka, :KeJbeHe Op3nHe KOHBepreHUMje (YHKLHjEe anu H
pecypca padyHapa BpIIM ofa0Hp oarosapajyher nocrymnka.

Cepujcky rpaaujeHTHH cycT (I1aBa MyTama) MOXKE y HIASalTHOM ciydajy Op30 1a JOBEAe 10

MHHHMYMa jep CY KOpalH pelaTHBHO BEIHKH AlH 3a pa3iHKy 0 CTOXaCTHUKOT FpajJHjeHTa CBH

TPEHUHT TOAAM Ce pa3MaTpajy y jeqHOM Kopaky 300T €era je Tpajame jeJHOT ITUKIyca
€BETHKO.

“p

Ca apyre cTpaHe, KO CTOXacTHYKOr IpaJMjeHTHOT CITycTa MOXE Ja ce JecH aa ce ogabepe
HOTpellaH Mpasall y KpeTamy ka MHHUMYMY 11 jé caMHM THM IyTama ca J0CTa IIyMa a 4ecTo
J0CTa OcLMTANHja OKO MEHUMYMa.

Mmunn-ceprja ce y TOM NOTIeLy Yy NPakcH Nokasala Kao Haj3axBaTHHja TeXHHKa Jajyhu
reHepanHo Hajbosbe pesynTaTe BemTo m3beraBajyhu nmokamHe MuHMMyMe. Bemmunna muxu-
cepHje yTH4e ocebHO Ha BpeMe 00YKe 110 CBaKO] €NOXH, KBAJIUTET Mojena 1 cindHo. OODHYHO
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ce oapehyje xeypucTHUKH, KopHcTehH Kao rmonasz Opoj CTerneHoBaH Ha JBa, y pacrony usmehy
16 u 512, Bonehu padyHa 0 BENHYHMHM CEPHjE Y OJHOCY Ha BEIHYMHY TPCHHHT CKYyIa aid U
neppopmance padayHapa (ognocHo Bennunne CPU nnn GPU memopuje pauyHapa).

VY onmwreM ciaydajy Hajbospe ce Mokaszanla BeNMYMHA MHUHH-cepHje ox 32 (noceOHO 3a mMambe
CKYIOBe), all TO He Mopa OMTH Tpernopyka HHUTH je pelent 3a ycnex. Hajseha mpegHocT
ynorpebe MUHH-cepHje y ofHOCY Ha 6ad jecTe y M30eraBamy JOKOMHHUX MMHHMYyMa [111]. JacHo
je ma (yHKIMja Mo>Ke MMATH BHILE JOKATHHX MHHHMYMa W OHH BpJIO JIaKO MOTY 3aBapaTH
MOJIEN KOjH JONMACKOM y OHIIO KOjH OJf OBHX MHHMMYMa Ty | ocTaje (Cnuka 2-18).

Local maximum

Local minimum’

i
¥

Global minﬁi_m_ur_q_ ]

P —— 2

Crnuxa 2-18: JTokanuu 1 rnodanan munumymu dyaxumje [112]

2.10.6. Perynapu3anuja

Apxutextypa npeanmkeHor Moaena ANN je Tpocrnojra (yna3HH, H3Na3HH €TI0, 4 YHYTAp BUX
CKpHBeHH ciojeBH). CBakH CKpHBEHH, TYCTH CJI0j IponywTa curuan y cnenehu cnoj. Kaony
CBAaKOM JApyToM Ipo0ieMmy 3acHoBaHOM Ha ML, jenan o rnaBHHX M3a30Ba jecTe (opMHpaTH
TakaB MojieNl Koju he ce oJuIMKoBaTH J0OpUM TiepopMaHcaMa He caMo Ha CKYITy 3a 00yKy Beh
U 3a HOBE, Hemo3HaTe ynase (TecT CKyI). Y TOM CMHCIY C€ Hajlpe MHCIIH Ha Majla OLCTyIama
y mpeasubamuMa, HH3aK OHac M Malle BapHjaHce IITO e y NIpakcH peliaa Hajuenthe Ha aBa
Ha4yuHa: nosehaiem ckyna 3a 00yKy MM IPUMEHOM HEKOI OJ TUNOBa perynapusauuje (L1 -
Lasso, L2 - Ridge win xomOunauuja oda tuna LI2 tip, eurn. Elastic Net) [68], [94], [113]
(Cmika 2-19).
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Elastic Net

Ridge

Lasso

Ciuxa 2-19: Lasso (L1), Ridge (L2) u Elastic Net (L12) perynapuzanuja [114]

[Ipobnem npeyuaBama Mofena (eHri. Overfitting) 4ecTo ce jaBiba y CIy4ajeBUMa KOMILIEKCHHUX
Mojena ca BelukuM Opojem MapaMeTapa a ce y (yHKIHjy pelllke YBOAM peryIapusaluja kao
Mepa CJI0KEHOCTH MOJeNa.

OcHoBHa pasmika usMel)y npBa aBa npUcTyNa jecTe y ToMe mTo L1 JOBOAW 10 CTama Ja HEKH
Mamk¢ BaKHH KOC(HIMjCHTH MOCTaHY jeJHAKH HYIH OoK ce momohy L2 perynmapusanuje
CMamYyjy ancoXyTHE BPeAHOCTH Koe(HllijeHaTa, TaKo 1a BETUKH Opoj BHX M0CTaje MaJIH au
U JaJbe pasIM4UT Off HyIe.

Pagu xoHTponMcama MohM yuema MpeAcTaB/beHOI Mofena M Ja OM ce m3dernia Herosa
npeydenoct, Ouhe xopunthen Tpehu tin perynapuszanuje ( Elastic Net). ['yourak dyHkuuje xon
Elastic Net Tuna perynapusainuje ce AeduHHIIE Kao cyMma obuuno? 2ybumka (KBaaparHe
pasiHKe, Ha IPUMEp) U ABE KoMNoHeHTe perynapusatje (L1 n L2). ['yburax ce y ToM cny4ajy
paudyHa u3pazom (22):

obuvan 2youmax +a* (A* L1+05*%(1-A4)* L2) (22)

- obuuan 2ybumax KBaapaTHA Pa3UKa,
- LI npexacrasiba LI HOpMy TeXHHA Koja ce padyHa Kao CyMa arncoNyTHHX BPEAHOCTH
CBHX TEKHHa,
- L2 mpexcrasiba L2 HOpMy TeXHHa U3pauyHaTy Kao KOpeH cyMe KBajpaTa CBHX TEXHHa,
- X (lambda) je xoedunujeHT KOjU KOHTpONMILE paBHOTEXKY H3Mmely mpeTxozne nBe
perynapHsanyje u 00H4HO ce nocTasba u3mely 0 n 1,
- o (anga) je koepUUMjEHT KOjH KOHTPOJMILEC YKYIHY jauMHy peryiapusauuje (Beha
BPEJHOCT Pe3yNTHpA jadyOM perylapH3alnjoM).
IlpeanocT 0BakBOT BHJAa peTyJlapH3alyje NPOUCTHYE M3 IbeHE CHOCOOHOCTH Ja 3aHeMapH
CUTYyallHje y KOjuUMa NOCTOju Kopenauuja m3Mehy obenekja, a HCTOBPEMEHO je y CTamy Ja
daBopu3zyje HeKe peTKe perpe3eHTaluje.
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2.10.7. Hunnujanu3zanuja napaMmerapa u 6uaca

Hunnmjannsanuja 6uaca 1 mapaMeTapa y CBakoM CIIOjy ce BPIIH TEXHHKOM T03HaToM kao He-
normal [115]. He-normal meTona ce nojasibyje npeu nyt 2015. roquHe 1 1o 1H0j ce NOUETHH
napamerpu Owmaca Owmpajy M3 HOpMalHe pacnojeie ca cpeamom Bpegnomhy on 0 u
CTaHAAapAHOM JEBHjalljOM CKalHpaHOM INpeMa Opojy Besa y oapehenom neypony. Ilocedno
NOBOJLHE pe3ydTaTe OBaj THI HMHHLMjaTM3alWje fdaje y3 ymoTpeOy ReLlU axtuBaumone
¢yHkIMje Oyayhu na oHa TO3BMTHBHE BPEIHOCTH OCTAaB/ba HENIPOMEHCHE JOK HETATHBHE
HOCTaB/ba Ha HYINYy, IITO je jeJaH Of paslora 3aliTo c€ y MPEAJIOKEHOM MOJAEIY KOPHCTH
YIpaBO 0Baj BHJ MHMIMjanu3anyje. MHnMjam3anuja Te)unHa o0BOM METOJ0M y3uMa Y 003Hp
BEJIMYMHY MPETXOJAHOT Clloja IITO MOMaXe y TMOCTH3amby riaobamHor MHHMMyMa (yHKIHMje
TpoukoBa Opixke U eduxacHije. TexxnHe cy U Jabe HACYMUYHE, AU Ce Pa3IHKYjy Y OICETY
3aBHCHOCTH OJf BEJIMYMHE NPETXOAHOT cioja HeypoHa. Ha osaj maumn ce o0esdehyje
KOHTpOJIMCaHa MHULMjanu3alyja ca jeHe cTpaHe ¥ OpixKe ¥ e()uKacHHje CIIyLITame rpaJujeHTa,

ca JIpyTe cTpaHe.

2.11. [IpoueHa ycneurHocTH Mojiesia

BaxHo je MMaTH Ha yMy Ja HHjeJaH MOJEN MAlIMHCKOT yuema HHje caBplleH H Ja he yBex
nocTojaTH MoryhHocTH 3a nodoseiname. PeoBHO oLemMBambe H aHANM3a KBAIHMTETa Y TOKY
o0yke Mofena cy BeoMa KOPHCHH Yy HAeHTH(HKAIMjH mpobleMa H moOoJbIIamy KBaJIHTETa
npeasuljama.

Koju he meron 3a ounemuBame ycrmemmoctH ANN momena OuTH kopumheH 3aBHCH Of
KOHKPETHOT 3ajlaTKa M MojaTaka Ha kojuma je mopen odyueH. [locToje omurn metoan 3a
ollebHBame KBaJMTEeTa MOJeTIa MAIlIMHCKOT Yuema Koji ce Mory npuMeHuTH Ha ANN Kkao 1To
Cy YHaKpcHa Banujanuja, npaheme BpeIHOCTH 3aJaTHX MeTpHKa, aHalM3a Tpellike, npaheme
KpHBe 00yUaBama 1 BalIHAalHje, ynopehusame ca ApyruM Moxenuma, Uty [83]:

e yHakpcHa Bamupanuja (eHrn. Cross-validation) mogpasymeBa Noaeny OPHUIHHAIHOT
CKyNa nojaTaka Ha HEKONHMKO MOACKymoBa (Ha mpumep, 5 mmu 10), HakoH uera ce
oOyuaBame M TeCTHpame MOjela BpIIM Ha CBaKOM OJ MOJACKYTOBAa, ca KaCHMjHUM
ynopehuBamem pesynrata. OBo omoryhasa mnosehame moy3gaHocTH TIpolieHe
KBAJIHTETAa MOJENa H CMamere BepoBaTHohe TIpeTepaHor NpuiarohaBama;

e KpuBe oOyuaBama M BalHJalMje ceé KOPHCTE 3a Ipa)UuKo MPHUKAa3HBAE 3aBHCHOCTH
KBaJIMTETa Mofiena o Opoja npumepa y oOydaBajyhem cxymy nojgaTaka. Oso omoryhasa
yTBphuBame kako he ce kBanHMTeT Mojiena MPOMEHHUTH ca noBehameM Opoja noaaraka,
Ka0 W OTKpHUBake Moryhux mpodiema ca NpeTHpunarohaBameM  HIH
notnpunarohasamem;

e METO[ aHa/Nu3e rpellaka ce KOPUCTH 32 OTKPHBaIbe THIIOBA Ipellaka Koje MoJel MpaBi
U OllelHBamhe BUXOBOT YTHIIAja HAa KBaNuTeT Mofena. Ha npumep, ako Moaen npasu
BEIIMKH Opoj Ja)KHO-TIO3UTHBHHUX mpeaBubama, To MOXe Ja yKaxe Ha moTpedy 3a
npoMeHaMa MapaMeTapa MOJENa WK YBoljemeM JOAAaTHHX MoaaTaka;

e ynopehuBame ca OpPyrHM MoOAENMMAa KOJH cy OOY4eHM HAa MCTUM HIH CIMYHHM
nojanuMa Moxe Ja omoryhm 0Oo/be pasymeBameé CTelleHa YyclleXxa TPEHYTHO
KopHIIheHOT MOJieNna H Y TOM CMHCIY NPHXBaTamke WK 0A0Hjae UCTOT Ha HajOpxKH
HaYMH;

® pa3TMUMTe METpPHKe KBAJIHMTETa MOTY Ce KOPUCTHTH 3a MpoleHy ehHKacCHOCTH Mojena
ANN y 3aBucHocT! o1 THna 3agaTka. Ha npumep, 3a 3agatke knacudHKaluje MOry ce
KOPHCTHTH METPHKe TaaHOCTH, OTI03HBAa, IpelH3HOCTH U F| Mepa. 3a 3anaTke perpechje
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Hajuemwthe ce kopucTe: koeduuujeHT aetepmuHandje (enrn. Coefficient of
Determination, ckpaheno R?), cpeqmba anconyTHa rpemka (enri. Mean Absolute Error,
ckpaheno MAE), cpeama KBajpaTHa rpeuka (eHrn. Mean Square Error, ckpaheHo
MSE), xopeH cpenme KBajapaTHe rpeiike (eHrn. Root Mean Square Error, ckpaheno
RMSE) u cpeama ancolyTHa IpoleHTyanHa rpeuka (earn. Mean Absolute Percentage
Error, ckpaheno MAPE).

Kaxko je y oBoj qucepranuju usydaBaHu npobiieM perpecHOHe NpUpoAe, y HacTaBKy he Outn
IpHKa3aHe METPHKE MOTOIHHje 3a POLEHy PETPECHOHOr MOJENA.

2.11.1. Koeduuujent netepmunanuje (R) u npuiarolenn xoedummjent JetepMunanmje
(AR

Koeduumnjent nerepMunanuje je nponopuuja BapHjanuje 3aBUCHE Bapujablie Koja c€ MOKE

NpeABHICTH U3 HE3aBUCHHX BapHjadnu (jeanaduna (23)):

R =1-H— (23)

rje je y; CTBapHa BpeHOCT, V; je mpeasuljeHa BpeaHocT, ) je cpedba BPEJHOCT CTBAPHUX
BpefHOCTH H N yKymaH Opoj npHMepaka y CKyIIy.

HenocTaTtak oBe Mepe jecTe 1IUTO He y3uMa Y 003up 6poj He3aBUCHUX MPOMEHJBUBHUX Y MOJETY.
U3 Tor pasnora pa3syjcHa je BapHjaliija OBE MEpe - IpHIaroheHH Koe(hHUIIHjeHT NcTCpMHUHALH]C
(enrn. Adjusted R Square, ckpaheno AR?), KOju Npu u3padyHaBamy y3uma y 003Hp H Opoj
He3aBHCHHMX BapHjabIM M Tako [aje HEITO TNpelM3HH|y INpeacTaBy KBaTUTeTa Mojena
(jemnauwna (24)).
AR =R D (2
N-p-1

riie p Opoj He3aBMCHHX Bapujabian u N yKynau Gpoj mpuMepaka y ckymy. Bpeanoctu AR? cy
yBek Mame uim jeanaxe R*. Ca nmopactoM p Bpeanoct uspasa (N-p-1) ce cmambyje mro yruue
HA CMamelbe KOHA4HOT pe3yirata AR?.

Bpemnoct R? u AR? y3umajy Bpeguoctd usmehy 0 u 1, Tanuuno ysumajyhu Bpemnoctn Onuske
1 3a mpenu3HMje Moaelle, 0MHOCHO, LITO je BPeJHOCT OBHX Mepa 6rmka | monen uma sehy moh
[a ce npunarohasa moganuma.

2.11.2. Cpeama ancosryTHa TPemKa

Cpenma anconytHa rpemka (MAE) je meTpuka koja ce KOPHCTH Ja M3MepH KOJIHKO Ce
npeauljama MojJena pasiuKyjy oj creapHux BpeanoctH. MAE ce pauyna xao npocedsa
ancoyTHA BPEIHOCT pasNuke u3Mel)y mnpeaBulieHe BpPeOHOCTH M CTBApHE BPEIHOCTH
(jemmauuna (25)):

N

1
MAE =—
N§

¥ —y,-‘- (25)
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CrBapHe BpeJHOCTH ce 0OMYHO TIPEACTaB/bajy ¥ 0OIHKY HH3a MJIH BEKTOpa a MoAel npeasuba
BpPEIHOCTH 3a CBaKy o ibHMX. Bpennoctn MAE cy yBek NO3NTHBHE, H LITO j& BbUXOBA BPETHOCT
Mama, TO je Mojen OosbH.

2.11.3. Cpeama ancosyTHA NPOLIEHTYAIHA TPelKa

Cpenma anconyTHa npouenTyatHa rpemka (MAPE), npeacrasiba npocedHy NpoOLEHTYaTHy
rpelky npeasuhama Mofena U 4ecTO C€ KOPUCTH Y MPOTHO3Mpamby BPEHOCTH TAE je BaKHO
NpaTUTH TIPOIEHTYalHy Tpeuiky. [IpencrtaBiba mpocek amconyTHHMX NpoleHaTa Tpeliaka
CBAaKOI yHOCA Yy CKyIy HojaTaka Ja OH ce H3padyHalo KONHKO cy Ouile TauHe npeapuljene
KOJIMUYMHE y nopehemy ca cTBapHUM KOJIMYMHAMA I1a j& 4eCTO e(HKAcaH 3a aHalu3y BelIMKHX
CKyToBa nojjaTaka (jegHauna (26)):

1Y
MAPE (%) ZWZ

i=l

RAERART (26)
yr

2.11.4. Cpeama KBapaTHa IpeliKa
Cpenma kBagpaTHa rpemka (MSE) je Mepa npoceunor kBaapata rpeike npeasuljama Mozaena.
(jemnauuna (27)):

N
MSE=—-3 (= 3, @7

i=1

2.11.5. Kopen cpeame KBagpaTHe Irpelike

Kopen cpenme xBagparHe rpemike (RMSE), mpema [51]-[53] je jenna ox Hajucuihe
kopuimhennx Mmepa esanyauuje modena ANN . RMSE mpencraBiba KBagpaTHH KOPEH Of
npoceyHor kBaaparta rpemke (MSE) (jennaunna (28)):

RMSE =\ MSE. (28)

HepeTtko ce jaBma moTpeda 1a ce oBa Mepa W3pas3u y npolleHTHMa na gopmyna 3a RMSE(%)
rrnacH (jeqHa4guHa (29)):

RMSE(%) = (29)

2.12. IIpunpema yra3HHX MoAaTaKa

Kako cy momamm y cBom u3BopHOM 00NTHMKY Hajuenthe HecpelieHn U y Heoarosapajyhem o0nuky
daza npegobpane, npenpouecupare (eHrI. Preprocessing) NpeacTaBba jeIHY O HAjBAKHIUX
(haza ox Koje yMHOroMe 3aBHCH yCHelIHOCT passBHjeHor mogena [119], [120]. ¥ oxsupy ose
¢aze mogpasymeBa ce paj ca IMoJalUMa y CMHCIY H:HXOBE IpUIpeMe 3a Jaby o0pamy LITo
00yxBaTa BHIIE pa3MdYUTHX TEXHUKA (HOpMaIu3alujy, yepeamhaBama, HHTErpalyjy rnojaTaka
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U3 pasIHYHTHX H3BOpa, CMamHBame Opoja ynasHux obenexja, uninhere nogaraka H AOMyHY
HeaocTajyhux, UTn).

Kaxo cy ANN Beoma oceT/bHBe Ha THIIOBE NOJaTaka U pacloHe BpeJHOCTH obelnexja, jegaH
0[] 3Ha4YajHHX TOCTYTAKa jecTe TpaHc(opMalja KaTeroprjckux obenesxja y oOJMK norojaH 3a
oOpany, y nHajBehem Opojy ciydajeBa y HyMepHuKe NojaTKe. ToM NPHIMKOM Ce MOXKeE
KOPUCTUTH HEKONHUKO Pa3sIMUNTUX METOJa Kao ILITO Cy: OpAMHANHO Koaupame (eHrn. Ordinal
Encoding), etuketupame (eHrn. Label Encoding), xomupame nomohy cpeamHX BpeIHOCTH
(eurn. Target Encoding, mo3nato m xao Mean Encoding) [121], [122], [123], nexo on
TaKO3BaHMX OMHAPHUX KOAMpama, 3aCHOBAaHHMX Ha (popMHpamy HOBHX BapHjadIM Ha OCHOBY
KaTeropvja y okBHpy obenexja (ymoTpeOoM Hyna u jeqununa). Takso xogupame je One-Hot
Encoding (eurn. One-Hot Encoding) ama u Dummy Encoding. One-Hot Encoding 3a cBaky
KaTeropujy obenexja ¢opMupa OMHapHH BEKTOp, e he NPHCYCTBO KaTeropuje OWTH
obenexxeHo ca 1, a oacycTeo ca 0. OBakaB BHJ OMHapHOT KOJMpama je BPIIO jeHOCTaBaH, ali
Bpio Op30o fgomasum 0 HaroMHuiaBama xosux obenexja W3 jeJHOT MOYETHOT, Ma ce 3a
KaTeropujcka obelexja ca BeMMKMM OpojeM KaTeropja mnpenopydyje ynortpeba Apyrux
nocTynaka kKogupama monyT Target Encoding koju kaTcropujcka oOcnekja mpeTBapa y
HyMEpHUKa, 3aApXaBajyhy ce Ha OKBUpUMa jeJHE KomoHe (He opMupajyhu HoBa obenexja)
KOJIUpamkeM TOMONy cpe/ihe BpeJHOCTH ITuJbHe (eHT. Target) Bapujadne. OHO TO pa3lHKyje
One-Hot o Dummy Encoding nocTynka jecTe IITO Ipyrd (opmupa jeqHy KOJIOHY Mame y
oaHocy Ha Opoj nmoctojehnx kaTeropyja mWTO MOKe caMo 1o cebn OHTH pasior 3a dalr BeroBy
ynotpeoy.

Ilopen 0BHX MOCTOjH M MpaBO OHHAPHO KOAMPALE KOjC j¢ 3aCHOBAHO HA CIMYHOM NPHHIHITY
HyJa U jeJMHHIA a1 ce 0Ba oDeNesKja opMHpajy Ha HUBOY jEHE KOJIOHE.

[Topen nocTynka koampama KaT€TOPHjCKHX 00e€mekja, Y NPenpoulecHHT a3y IMOojjeIHaKO
BaJKaH jecTe Mpolec cBolemhe HyMepHuKkux obenexkja y ICTH pacTIOH BpeIHOCTH, Ha HCTY CKaly
(ckanupame momataka). OBo je moceOHO Ba)HO 300T HHTEpNPETaOMIHOCTH MOJaTaKa alii U
300r GOJBHX PauyHCKHX CBOjCTaBa MOAENA Y KOjH ce YKJBYUYjy OBH mojamy, nocebHo 300r
KOHBEpreH1ije Mojena. Y TOM Mpolecy MOXe ce KOPHCTHTH HEKOIHKO IPUHIIUNA H BETHKH
Opoj muxoBux Bapujaimja [124], [125]. Hexu on najuemrhe kopuimheHHX MocTynaka y TOM
CMHCITy jecy HOpMalTH3alija, cTanaapausanmja, L/ Hopmanusanuja, L2 HopManu3aimja uTi.
Hako ce npra JBa TEpMHUHA MOTY CPECTH KA0 CHHOHMMH, PAJd Ce O JIBa MOTIYHO pa3THYuTa
TPHHIINTA.

Cranpgapansanja (o3HaTa ¥ Kao Z-score HOpMATu3ayuja) cacToji ce y ToMe 1a ce Off CBaKe
BPCAHOCTH HCKOT 00eNekja ofy3Me MPOCCK CBHX BPCAHOCTH TOT obelckja, Ma Ja cc MOTOM
CBaka NoOjeJMHA4YHA BPeJHOCT MOAENM CTaHJApAHOM JAeBHjalljoM CBHX BPEIHOCTH TOT
obenexja (popmyna (30)). Tume ce 00e306ehyje na ceaku aTpuOyT HMa npocek 0 1 cTangapany
neBujanHjy | ¥ nocebGHoO je kopHcHa Kana noganu UMajy ["aycoBy pacniomeny BepoBaTHohe.

X — cpedivba peoHocm(x)

= . 30
" emandapona desujayuja(x) (30)

Hopmamizanuja (mosnata w xao Min-Max nopmanusayuja) je croheme Bpennoctn obenexja
Ha BpeaHoctH u3mely 0 n 1 amu Taxo 1a 3a cBako oDenekje MHHHMaJIHA BpeaHOCT A00H]ja
BpennocT 0, a najeeha 1, octane Bpeanoctu cy pacnopehene nsmelly npema popmym (31):
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X — Hajmarba 6peoHoCcn(x)
‘xﬂUf"f = . . - (3 l)
Hajeeha epeonocm(x) — ajmarsa epednocm(x)

Cpaka o JBa HCTaKHYyTa THIA CKalHpamba MMa CBOje IPeJHOCTH 3aBUCHO Off KapaKTepHCTHKA
obenexja. Jeman om MoKIa Haj3HAUajHHjUX akTopa Koje Tpeba HMATH HA YMY NPHIHKOM
ojabupa THIIA CKATHpamba I0JaTaka jecTe leroBa 0CET/LMBOCT Ha ayTiajepe. Y TOM IMOreny,
HOpMajM3alHja j& BeoMa 0CeTJbHBaA JOK je cTaHgapAusanuja focta pobycuuja (Cnuka 2-20).

L
. .
o
o ¢ 9
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N o < .
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r
Mopauu npe Hopmanusauuje [Mopaum HakoH Hopmanusauuje ojaun HaKoH cTaHAapausauumje

Cnuka 2-20: YTHuaj HopMaIuzanuje H craijapansanuje Ha nojatke [ 126]

[lopen moMeHYTHX, Kao 3Ha4dajaH MeXaHH3aM 3a CKalupame MoJaraka HCTHYE ce poOycTHa
Bep3dja HOpManu3alje nojataka (eHrn. Rebust Scaler). MaTemaTHuku TiesaHo, OBO je U
HOTIYHO NPHPOIHO y3uMajyhi y 063up aa ¢y TapreT NoJalH pe3ynraT Meper-a CTBapHe 11ojase
M Ja CE€ YBEK MOTY jaBHTH TNOJAald Ha HBHIHM IUCTPHOYIHMje, ca MaloM BepoBaTHOLOM
N0jaBJbHBALA, AU WAk nocroje. Mako je oBakBUX mojaraka Majlo y OJHOCY Ha IETI0KyIaH
CKYI, OHH UMajy YTHILaj 1 MOTY HCKPUBHTH AMCTpHOYyHjy BepoBaTHOhe. Tume he u ckanupame
nojaTaka ynorpeboM mpocTe cTaHaapamzanije OMTH oTexkaHo jep he m3pauyHaTa cpenma
BPEIHOCT M CTaHZapAHa ACBHjalMja OWTH HCKPHB/BEHE MOA NPHCYCTBOM OAcTymajyhmx
BpenHocTH [127]. PoDycTHH ckenep je NMPUHLMI KOjUM C€ NPUIMKOM 0OpadyHa Cpenmbe
BPEIHOCTH ¥ CTaHAapAHE AeBHjalHje y 003Up HE y3UMajy OBH oomemuymu nofauH (popmyna
(32)).

X — medujana(x)
‘xrrorm = . (32)
Per75(x)— Per25(x)

Per25 n Per75 npenctasmajy 25-u (Qf, Cnuxa 2-21) u 75-u (Q3, Cnuxa 2-21) xBapTuu,
nepueHTun (enrn. Percentile). Ila ce mpema ¢opmynn (32) BpeaHocTH cBakor obenexja

Ooy3uMajy O MeaujaHe olenexkja U Jelie MHTEPKBApPTHUIHMM oIceroM (eHrn. Interquartile
Range, IQR). Ilpema cuun (Crmika 2-21) jacHo je na je IQR = Q3 - Q1.
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Cnuka 2-21: TTonena guctpubyuuje obenexja ua kpaprune [128]

2.13. CtpykTypa noTpomaya y cHcTeMy 3a cHa0ieBame eJIeKTPHYHOM eHepPrHjoM Ha

NoCMaTpPaHOM (TECTHOM) HOAPYYjY

Ha mocMaTpaHoM mogpydjy MOKe ce TPEeTo3HaTH HEKOIHMKO KATErOpHja U TPYMa MOTPoIIaya.
Y 3aBUCHOCTH Of HOMHMHAIHOT HAMlOHA MPEXkE Ca Koje ce Mpefaje eleKTpUYHAa SHepTHja,
HAYMHA Mepema M JPYTHX KPUTEpHjyMa YTBp)EHHX Tapu(HHM CHCTEMOM MOCTOjH TIeT
KaTeropHja Kymana (motpoiaya) enekrpuune enepruje [ 129] (Cnuka 2-22).

€@ =HaBHCOKOM

IMoTpomma

HAamoHy

JaBno

J Kareropuja
ar
| moTpomaya
Ar AP

€ wnacpeamem

MoTpommsa

HaNnoHy

OCBeT/bemhe

Q

Moromma Ha
HHCKOM
HaNOHY

Cnuka 2-22: OcHoBHE KaTeropuje noTpoinada y einexrpo mpexxu Cpbuje
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Y CKIagy ca THM H Y HHJBHOM CKYITY IIOoJaTaka C€ MOTY NpEIo3HaTH HCTE KaTeroije:

"[loTpomme Ha BUCOKOM HanoHy" 00yxBaTa OTpPOIIAYE YHjH CY 00jeKTH MPHK/bYYeHH

Ha eJIEKTPOeHepreTcKy Mpesky HamoHckor HHBoa 110 kV uin BHIer HaNmoHCKOT HHBOA;

"[loTpomma Ha cpeilbeM HanoHy" 00yXBaTa NOTpPOIIade YHjU Cy 00jeKTH NPHUK/bYUEHH

Ha eNeKTPOeHEPreTcKy Mpesky HamoHckor HUBoa H3Haj | kV, a Hmker o 110 kV;

"IloTpomma Ha HHCKOM HaroHy'" 00yXBaTa MOTpOIIaYe YHjH CYy 00jeKTH NPHK/bYYEHH

Ha EIEeKTPOSHEPreTCKY MpeKy HHCKOT HamoHckor HuBoa do 1 kV, omHocHo mMmajy

eNIeKTPOeHepreTCKY cariacHOCT Ha HA3UBHY CTPY]y* IpHK/by4ka Behy o1 63 A u KojuMa

ce o0OpauyHcKa cHara, akTUBHA U peaKTHBHA eHeprHja yTBphyjy MepemeM;

"[llupoka mnorpomma" oOyxBaTa NHoTpolIade YHjH Cy O0jeKTH NPHK/BYYEHH Ha

eJIEKTPOEHEPTeTCKY MPEKY HUCKOT HAllOHCKOT HHBOA U KOj M IMajy eeKTPOEHEPreTCKY

carJacHOCT Ha3HBHE CTPYje o HajBuIIe 63 A, a KOPHCTE ENEKTPUIHY EHEPTH]Y 3a:

- motpebe nomahuHCcTBa y cTaHOBMMa, cTaMOEHHM 3TpajaMa H 00jeKTHMa 3a 0AMOD;

- TIOTOH 3ajeJHUYKHX ypelaja u nuHcTananyja y ctaMOeHHM 3rpafiaMa, 3ajeIHUYKHM H
CIIOpPEIHUM TpOCTOpHjaMa (IM(TOBH, OCBET/bCHE CTEICHMINTA M 3ajeJHHUKHX
IPOCTOpHja U CIL);

- moroH ypehaja u uHcTananuja KoMyHaJIHe NOTPOLILE (KOTIAPHUIE 32 JabHHCKO
rpejambe, MHAUBHAyallHe KOTJAApHHULE 3a Tpejame cTaMOEHMX 3rpaja U JAPYTH
ypehaju n nHcTananuje 3a cHabaeBambe KOMYHAIHHM IPOM3BOJMMA U yCIIyTama);

- TOTOH eNeKTPOMOTOpa M amapara y MOJbONPUBPEAHHUM AoMahMHCTBHMa, Kao U
noroH ypehaja 1 nHcTananyuja KyhHUX u 3aje IHIYKHX CEOCKHX BOJOBOJIA;

- moTpebe OCBET/bABAA H 3aTPeBamba MOCIOBHUX 00jeKara H IIOCIOBHHX TIPOCTOpPHja
W TOTOH MOTOpa M amapara y THM o0jeKTHMa M npocTopjama (o0jekTH 3a
KOMEpLIHjaTHH Typu3aM, OIMapasuInTa; 00jeKTH ycTaHOBa U3 00IacTH 3ApaBCTBa,
IpocBeTe, KyNType H [edje 3allTHTe, aAMUHUCTPATUBHH 00jexTH M Ap.), kKao H
TIOTOH 3ajeTHMIKUX ypehaja M HMHCTamanMja y THM 0DjeKTHMa, 3ajelTHHYKHM |
CIIOpPEIHHUM NPOCTOpHjaMa (IH(TOBH, OCBET/beHE CTENEHMINTA M 3ajeJHHUKHX
IpocTopHja, ypehaju n uHCTanaHje KOMyHaIHE NOTPOIIE U CIL.);

- moTpebe ocBeT/baBamba CIIOPETHNX, EKOHOMCKHX o0jekaTa M rapaxka M IpHIa3a THM
objexkTHMa.

"JaBHO OcBeTbembe" 00yXBaTa MOTPOIILY ENIEKTPHYHE SHEPrHje 32 OCBETIbEIbE YIHIIA,

Tprosa, TyHena, MeEIIAYKMX Mpoja3a, MapKoBa, MyTeBa, MCTOPHjCKUX M APYTHX

obenesxja, ypehaja 3a myTHY CHTHANM3AIH]Y ¥ ApyTa MOTPOIIHA 32 OCBETIhEHE jABHHX

TIOBPIIMHA H jaBHUX 00jekara.

V oBoj aucepranMju Kao nMJbHa kareropuja yseta je "lllupoka morpomma" koja je 0OH4HO
HajIOMHHAHTHHja KaTeropHja MoTpollaya Ha TPagcKoj TEPUTOPHjH &l yjeqHO M HajTexa 3a
npeaukuyjy. llupoka notpoima ce gasbe Moske NOASTUTH 1o ABa KpuTepyjyma (Cnnka 2-23):

Y 3aBHCHOCTH 0] Ha1HHa MEpeiba H
Y 3aBHCHOCTH OJ] HAMCHE ITOTPOILILE CJICKTPHYHE ellepmje.

* Hasusna CTPYjd — MAKCHMAIHA BPEJHOCT CTPYje KOjd je 0 yrosopy 0400peHa norpouaqy.
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o Jomahuncrsa

ﬂpeMa 0 JaBHa 1 3ajeqHrika
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Cnuka 2-23: ['pyrie noTpoinada mmMpoKe HoTPOITEE

Y 3aBUCHOCTH OJ] HAYMHA MEPEHA PA3IIMKY]Y C& TPH OCHOBHE IPYIIE II0TpOLLAYA;

e gnomahuHCTBA, ¥ KOjHMa CE CICKTPHYHA CHEPrHja KOPHCTH 3a moTpedbe y cTaHOBHMa
(momahuncTBEMa), cTamOeHMM 3rpagaMa M objekTMMa 3a oamop, 3a notpebe
OCBeTJhaBama MoMohHHX o0jekaTa, EKOHOMCKHX 0o0jeKaTa, rapaska ¥ NMpHiIa3a Kao u 3a
noTpebe MOLONMPUBpeTHAX JoMahnHCTaBA;

e jaBHA ¥ 3ajeOHMYKA NOTPOLIKA, TAE CY KYILH YCTAHOBE KOj€ j& OCHOBaNa Ap/KaBa WK
ayTOHOMHA IIOKpajHHa, IOKaTHa caMoyIpaBa i

e ocTamla KOMepUMjanHa NoOTpollma (y da/keM TEKCTy HedomahmHCTBa), rae ce
ENCKTPHYHA EHEpPTHja KOPHCTH 3a noTpebe obaBbama MOPHUBPEOHHX M IPYTHX
JCNaTHOCTH, OCBETJEEILE U 3aTPeBarhe MOCIOBHUX 00jekaTa U MPOCTOpHja 4Hja HaMeHa
HHje cTaHOBame [129].
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3. METOJOJIOI'NMJA UCTPAKHUBAIBA

PaHujuM npHKasaHOM IIperjiefa AOCTYIIHE JHMTEpaType YKAa3aHO je Ha OPHIMHANHOCT H
aKTYeJNHOCT NPHPOAE NPeAT0KEHOT HCTPaXKHBamba. YBHIOM Yy peepeHTHa HCTPaKHBaIba
npeno3Haje ce ga je Behuna pagosa dasupana Ha KPaTKOPOUHOM MpefBulamy NOTPOLILU H TO
nocmarpajyhu oapehene rpyne wim kareropuje NoOTpolladya, Ha MallOM, OTPaHHYEHOM
HpOCTOpY.

OcHoBHa HAcja OBE OUCEpPTaLMje jecTe pellaBame MpoOleMa mnpeasuhama NOTPOIIBU
eNeKTpUYHE eHeprHje NoTpolllata Ha TEPUTOPH|H jeHOT rpaJa U TO Ha MECEYHOM HHBOY.

Ha oBaj nauun cy obyxBaheHnun cBH NOTpoIIAYH, O MATHX TOTPOIIaYa KaKBH cy JoMahHHCTaBa
ma CBe J0 OHMX KOjH ce OaBe HEKOM NPOM3BOJHOM JeNaTHOIINy M caMHM THM HMajy
Heynopeanso Behe norpommse. [lopex Tora, y3uma ce y 003Hp 30Ha Y KOjoj HOTPOLIAYH SKHBE,
BpcTa Opojuia Ha MEPHOM MECTY, UTJ a CBE y LIMJbY pa3Boja Mojena Koju he 6utH y cramy aa
Uy Pa3HOBPCHOj CTPYKTYpH NOTpollada Npeno3Ha Hausriie ] HeBUybuBe mabnone u obesdenu
KBAJTMTETHY MPOIIEHY MOTPOIILE 32 HAPEIHN Mecell.

3.1. MeTone kopuitheHe y HCTPA:KUBABY

[Ipn m3panu aucepTanyje a y OKBHPY LIENOKYIHOT CIIPOBEAEHOT HCTpakHBamba KopuiuheHo je
BHILIE METOJA H IPUCTYIIA pagy CXOAHO Npodnemy.

Ha camom MOYETKY HC‘TpEl)KHBaIban)ﬂaSPI C¢ 01 METOOda aHaHM3¢ W CHHTE3C Y3 CBEIIPHCYTHH
HHOYKTHBHO-NEOYKTHBHH METOM. 3a pasyMeEBaILE ModaTaka M OTKpHBabe MelijaBHCHOCTH
oﬁeﬂemja KOPHCTH C€ BHIIC CTATHCTHYKHX METOJAa H MPHCTYTIa, Kao IITO CY ASCKPHIITHBHA aJId
H SKCIITHKATHBHA aHalli3a, KOPEenalnuoHa H perpecioHa aHanHsa.

[Iperxonno moOpojane MeToge 3acHOBAHE CY Ha TEOPHjCKO-CMUCTEMHONOLIKHM 3HamHMa
CTe4eHHMM Kpo3 Iperiael JOCTyNHe nuTepaType. TeopHjcke mapagurme o mpobreMy
HCTpaKHBamka M OCHOBHA ca3HajHa Hadela O caMoj TEeMH, MOCIHYKUNA Cy Kao OPHjeHTHUpP H
rIIaBHU MYTOKA3 KPO3 IHCabe OBE AUCEpTaLHje.

LlenokynHo HcTpaxkMBarke 3aCHUBA CE HA MHUILIMjalIHUM, CTBAPHHUM NOJallMMa MPUKYIIJBEHHM
U3 3BaHHYHHX U3BOpa AUCTpHOYTHBHE KoMnaHuje. Ilpukaszann ciydaj Tpedano 61 ga nocTaBH
nobpe Temebe Aa ce §nuan NocTynak Moke CIPOBECTH H HA IPYTHUM HMBOUMA. AHATMTHYKH
NpHUCTYN Y MOCTYNKY HHTerpanije obenexja NpUKYIJbeHHX U3 CIIOJLHUX H3BOPA ca HoAaluMa
cagpkKaHUM Yy HHHIMjaTHOM CKyny HoJaTaka, yK/bydyje M TNPHMEHY KBaHTHTaTHBHHX,
CHHTETHYKHMX M KalIKYIaTHBHHX METOJA.

Kao MHCTpyMeHT y aHallu3¥ MojaTaka, u3paly MOJENa U BU3YEIHY Pelpe3eHTalu]y pesyiTaTa
KOPHCTH ce MporpaMcKkH je3uk Python y3 moapuky 6ubnnorexa nocedHo ausajuupanux 3a ML
U aHAJNN3y MojaTaka.

Python je jeman o HajnomynapHHjHUX NPOrpaMCKHX je3MKa 3a UCTpakHBame nogartaka [130],
[131], [132]. 3axBasbyjyhu BeoMa akTHBHMM MporpamMepHMa H 3ajeJHHIH OTBOPEHOT KOJa,
pasBHjeH je Benuku Opoj OMONHMOTEKa HaMEHmEHHX O0JIACTH MalIMHCKOr ydema. Mako cy
nepdopMaHce MHTEPIPETHPAHHX je3HKa, Kao 1To je Python, 3a pauyHCKH MHTEH3HBHE 3aJaTKe
uH(EepHOpHE y OJHOCY Ha MPOTpaMCcKe je3nKe HIDKET HUBOA, IPoIIHpeHe OMOIHOTEKE, Kao LITO
cy NumPy u SciPy, passujene cy 3a naarpaamy Fortran u C ummnemenTauyja HHKer HUBOA 3a
Op3e BEKTOPU30BaHe omNepalije y BUIIeAUMEH3HOHATHIM Hi30BHMa [133].
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32.

Texuunke HCTPpaKHBamL-A

Y nmocTynky npukyIUbama, o0paae, aHaluse nojataka d Ipukas JoOHjeHHX pe3ynTaTa KOpHCTH
Ce HEKOIMKO TeXHHKA!

33.

u3 3BaHuuyHe Oaze mojaTaka AMCTPUOYTHBHE KOMNAHHUje NPHUKYIULEHH CY MOAALM O
HOTPOLIKAMA eNeKTPHUHE €HePrHje [ITO YHHH HHHIIHj ATHH CKYTI 101aTaKa;

MHUIUjalH} CKYTl MojaTaka je aJanTHpaH JOJaTHHM o0elexjuMa NPHUKYIUBEHHUM H3
CIIOJEHHX H3BOPA, YHETHX XPOHOJOIIKHM PEIoOM;

nopen obenexja TMPUKYMIBEHWUX M3 CTOJBLHX W3BOPA, WHHITHjATHH CET je JOMymeH
obenexjuMa JOOHjeHHM KallKyJIaTHBHHHM MeToJaMa, Ha OCHOBY OcTOjehHX M HaKHaHO
NpPUKYIULEHHX T0JATAKA;

obpaga M aHanM3a MOJaTaka ce BPIIM MOMOhy NporpaMCKHX MOAyNa M CTATHCTHYKHX
npoLeaypa pa3BHjeHHX Yy TIporpaMckoM jesuky Python (meckpunTHBHa CTaTHCTHKA,
KOpelallHoHa H perpecuoHa aHanM3a...);

pa3Boj U eBalyallyja pa3sBHjeHHX MOJIeNa Kao U MpUKa3 pesynTaTa KopucTe ce dbubinoTexe
U MIaKeTH 32 MOJPILKY MAIIMHCKOM yuemy IporpaMcKor jesuka Python.

IMocrynak nerpazkupama

Llenoxynan nocTynak HCTpaXKMBama OM ce MOrao NOJEIUTH Y HEKOIUKO (paza a y OCHOBHM ce
Pa3NUKYjy ABa IPUCTYNA a CAMUM THM M METOI0JIOTHje!

L.

II.

npeasuhame MeceUHHX NOTPOLIKH eNEKTPHUHE eHeprije 3a CBe MOTPOollade Ha jeTHOM
npocTopy
npeABHhame MeceuHHX ITOTPOLILH ENeKTPHUHE eHeprHje y ojpehieHoM kiacTepy
NOTpPOLIAYA.

33.1. ®daze y nucrpakupamy

1. IlpBy a3y uuHe MOYETHH METOJONOLIKH MOCTYILM Y IpoLecy npegodpaie nogaraka

W WHXOBE NpHTpeMe 3a HapenHe ¢asze (cTMYHO Kako je mpukaszano u y [134]).

AKTHBHOCTH y TIpBOj (pa3u cy 3ajennuuke je 3a oda npucryna (1 u 11).

[TosnaTo je ma Ha MOTPOLIKY EIEKTPHYHE €HEPTHje yTHUE BUIIE (DAKTOpa, IOYEB Of

BpeMEHCKHX ycloBa, Jobda rofguHe, BpCTe W KaTeropHje MoTpollada, 30He Y KOjoj ce

Halas MoTpomrad, UTA. buno na genyjy cTOBpeMEeHO MM MOjeAMHAYHO OBU (hakTOpH

HMajy TIoCNIeaulie U Ha BeHy npoueny (npeasunhame). YnpaBo 13 THX pasnora je ¢asa

npenodbpane nojaTaka jeqHa O Haj3HAYAjHMJUX W MMa BEJIMKHM YTHIA] HA KOHA4YHH

HCXOJ — YCHEIIHOCT Mojena. 300r came NPUPOIE H CIOKEHOCTH OBa (aza Ce MOKE

pa3buTn Ha Hekommko motdaza (1.1, 1.2, 1.3, Cnuka 3-1):

1.1.  Hpuxynwawe nodamarxa: OcHoBHa wHIaeja je (opMHpame YHHBep3alHe
METO0I0IHjE ¢d AKLEHTOM Ha NIPUMEHH Y PEallHHM CHCTEMHUMA, 33 PellaBaihbe
cTBapHHX npodnema. Jla 61 ce To NocTUINIO, 0Ba NoTdaza 00yXBaTa aKTHBHOCTH
Ha (pOpPMHparby CeTa MojaTaka y3 carielaBame CBHX NOTEHIH] aTHHX H3Bopa. ¥
CKIIaJy ca OCHOBHOM HJEjOM, TNIaBHH H3BOp MOJATaka y OBOM HCTPaKHBAILY je
3BaHH4YHA €BUJEHIMja HNOTPOIUILH €lIeKTPHYHE €HEPTHje CBUX NMOTpollada Ha
noapydjy rpaja (mpea rpyna mnojaraka). [lopen 3BaHM4HMX TogaTaka
nobujeHHX of JUCTpUOYTHBHE KOMMaHHje, a Yy LUJbY MOCTH3ama ILITO
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NPELH3HAJUX pe3ynTara, NOTPeOHO je NoJaTKe NPOLIMPHUTH Oclambajyhu ce 1 Ha
apyre usBope. Ty ce npeBacXomHO MHCIHM Ha 3BaHH4YHe 0ase mMojaTaka ca
3allUCHMA O METEOPOIOLIKMM NpHINKaMa H TOAUIILUM J00HMa (Ipyra rpymna
nojartaxa). ¥ 3aBpIIHMIOM NpBe NoTdase, HA OCHOBY IO caja MPHKYIULEHHX
nojaTaxa, KATKyJaTHBHUM MeToJaMa JoJiasH ce a0 Tpehe rpyne momaraxa;

12 Cummesa nodamaxa u3s pasiuyumux useopa y kovawnu cem: Jlpyra notdasa y
OKBHpY TIpenpolecupama o0yxBaTa CHHTe3y MoJaTaka NPHKYIUbEHHX Y
npeTxoaHoM Kopaky. Jla 6u momanu NpHKYIUBEHHM W3 pasAM4YMTHUX H3BOpa
YUHWIH LENHHY ca HocTojehHM, paHHje MPUKYNIBEHHM INOJalMa, nocebHa
naxkma ce nocsehyje mUxoBoj cuHTe3H. Panuje je Bech peucHo Ja ocHOBHHM ceT
(3BaHMYHMX) MOJaTaka Cajp)kKM 3alMce O TOTpollmaMa Yy TOKY HEKONHKO
roJ1Ha, na je jacHo Ja NpHKJbY4eHH HoJaly Mopajy OUTH JogaTH XPOHONOLIKH,
3aBUCHO OJ MepHoja (Mecelia) Ha KOju ce 3abenexeHe NOTpolme ofHoce. Ha
Taj HA4MH ce JOoNa3sH J0 CeTa ToJaTaka KOjH YyJlasH y TNoclenmy dasy
npenobpaje nogaTaxa;

13 Dunmpuparve nodamara: [ocnenma notdaza npegodbpane nojataka o0yxsaTa
JaJbW paj Ha cKymy obenexja MpoW3allnoM M3 mpeTxofHe noTdasze. ¥ oBOM
KOpakKy Ce BpIIH CeleKlHja pelneBaHTHHX M ofbaluBambe PelyTaHTHHX H
upeneBanTHUX oOenexja koju he OUTH ynasu y Hapeanoj asu;

1. ®A3A - MPEAOBPAZA NOAATAKA

1.1 1.2
MPUKYTITbAHE E{m . CVWHTE3A
A
A

MOOATAKA NOOATAKA MNOOATAKA

Cmxa 3-1: Hnyctpanuja npee (ase y METOIOIOTH]H

1.3
A‘ OUNTPUPAHSE ‘

Pesyntatu komnnerne npse ¢ase (ca nordaszama) he Outn npukasanu y nornornasmy 4.1 a
yTHLAj afanTaluje ceTa wMcnurad je y notmornasiby 4.3.2. Jlame dase y npHMemeHO]
METOJIONOTH]H CE Ocllamkajy Ha MpaBMIHO M YCNEIIHO CNpoBeAeHy npBy ¢asy uuju he
JeTa/bHUjU ormic OMTH AaT Y HAcTaBKy, 3acebHO 3a 00a panuje nomenyTa npuctyna (I u 1I).

I. IMpexeuhame MeceuHHX NOTPONILH e1eKTPHYHe eHePrHje 3a CRe MOTPoIIade HA
jeanom npocropy (Ipuctyn I)

Y onmreM cnyd4ajy npeasuhame MecedHHX TOTPOLILM MOTPOIIada Ha TEPUTOPHjU jefHor
rpaja 3aCHHBa Ce Ha NIOCMaTparby CBHX MOTpollada Ha JaTOM IpocTopy. ¥ TOM clydajy HaKOH
npse (1 — npenpouecunr) ase cieau HEKOIHKO HOBUX (paza:

2. Jlpyra ¢asa y oBoM ciydajy oO0yXBaTa akTHBHOCTH Ha pPa3BOjy MoJclia MAIIMHCKOT
yuema. OBJe ce NpeBacXOJHO MHCIHM Ha ojabup Mojena M TMoJelIaBambe
(xunep)napameTapa. ¥ KOHKpETHOM CITydajy, oBa (a3a moapa3yMeBa pa3Boj U IPHMEHY
HEKOJMKO MOJENla 3aCHOBAHHX HA pa3lIMMHUTHM TeXHHKAMa MANIMHCKOT Yy4erma
(oOjammeHnM y OTNIaBibY 2).

3. Tpeha ¢asa nacTyna HakoH ofgabHMpa MojJena MAIIMHCKOI y4yema, a Hpe HErobe
npuMeHe. Y 0BOM KOpaKy ce BpIIH NojelNa MoJaTaka Ha JBa I0/ceTa: CeT 3a TPEeHHpamhe
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U CeT 3a TeCTHpame Mojena. Y OBOM HCTPaKMBamy IOfEeNA CE€ BPIIM Y OJIHOCY
80%:20%.

Kako MoJenH MalIMHCKOT y4erha MOTY J1a yue HCK/bYUHBO M3 HyMEpHUKHX MofaTaka,
HakoH (hopMHpama TPEHHHT M TecT CKymla, Y 4eTBpToj (a3u, IpUCTyNa ce MpoLecy
KOAWpama M cKamupama nofartaka. [locTynmak koaupama KaTeTOPHjCKHX oOenexja y
HyMepH4Ka M HOCTYIIaK HOpManM3alMje MojaTaka CIpPOBEICH je Ha HAYMH KOjH je
OMHCaH y MOTNOrNasmy 2.12.

Ilera ¢dasa, koja HacTyma ogMax HaKOH MOJeNe ceTa, MOApa3ymMeBa Ipolec o0yke
omabpaHOr MofieNa Ha CKyMy HojaTaka oapel)eHoM 3a TpeHHHT.

Ha xpajy y okBupy mecte ¢ase, momohy MeTpuka esanyaruje Moaena (mobpojaHum y
2.11) Bpiu ce MpoleHa YCMETHOCTH MOJeNa U TeCTHpame HEerOBUX CIOCOOHOCTH Ha
CKYIIy peaHHX, 10 TaJa MOA ey NOTIYHO HeMO3HATHX ToJaTaka (CKYII 3a TeCTHpambe).
V oBoj haszm, BpIM ce KBaHTH(UKAIH]a YCIEIHOCTH (POPMHPAHOT MOJIENa U Ha OCHOBY
Mepa 3a oleHy nepdopMaHCH Mojiena, BpuId ofadup HajrnoBoJbHHUjET Mojena Koju he y
KacHHjHUM (ha3ama OMTH ycaBpIaBaH H TECTHPAH Y paslTHUUTHM YCIOBHMA.

Cse nobpojane ¢ase (HakOH Jpyre) ce NOHABIbA]y HTepaTHBHO. Pax Ha W3pagy apXHTEKType
Mmonena, nmoceGHo Momena ANN ce He 3aBpiuaBa moueTkoM ¢ase TpenuHra. TecTHpamem
Mofena yTBplyjy ce merose jake W cnabe Tauke KOje ce 3aTHUM TOKYIIABa]y MPHIATOIHTH
HOHOBHHM HTepaljaMa, 1a ce rpaHune u3Mel)y oBHX (aza mocTaBieajy BHIIE TEOPH)CKH.

[ToGpojane dase ce mory npeactaBuTH rpadudku Kao Ha ciaeaehoj cnunu (Cnuka 3-2).

METOAONOTNIA -1 TUN
1 2 3
g ’; 0 NofENA
MPEOOBPALA PA3BOJ 4 MOOATAKA HA %
MOLATAKA " MOZENA N >l TPEHUHT U in
v, Q'/QQ TECT CKYN >
6 5 | 4
VI &)
EBAYALMJA - - OBYWYABAWE = TPAHCOOPMALIAJA ...
MOAENA 1 MOOENA O NMOJATAKA —

Cnuka 3-2: Unyctpanuja ¢aza y OKBHPY METOJIONIOTH]E 3a pe/iBHhambe MeCeYHHX TOTPOLIBH

CJICKTPHYHE EHE[J]"HjE! 3a CBEC NOTpoOHIa4de

II. Ilpersuhame MeceuHHX MOTPOLILH eJIeKTPHYHE eHeprije 3a oapeleny
KaTeropujy norpomadua (kaacrep) (Ilpucryn II)

Jomr jeman oj 6uTHMX acnekaTa hopMHpama MoJENA OJHOCH Ce Ha IEroBy CIIOCOOHOCT Aa ce
npunarohara pazmuauToM 00HMMY, Tj. TpynaMa TMOTpoIIada 3a Koje ce BPIW mpefasulame.
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IToce6Ho je MOTOAHO MpeIIOKEHH MOJEN TECTHPATH He caMO HaJl CKYIIOM MOJATaKa Y LeI0CTH
Beh u man Hajmpe rpymucaHuM (KIacTepoBaHMM) HOfanuMa. 3HAdaj TAKBOT MPHUCTYMA ce
HCTHYE NOCMATpPakeM pealHOoT CHCTEMa M XMMOTETHUKHM [TOCTaBJbambeM CUTyalHje. Y ToM
nornegy ce jacHO M3BOAM 3aK/bydaK Ja je caM TocTynak (hopMHpama XOMOTEHHX Tpyma
NOTpoLIaYa J0CTa jeJHOCTABHHjHU W y TNpakcH JocTa je)THHHjH O] MocTynka oOpane
LEJIOKYITHOT CKyMa rnojataka 0e3 003upa 0 K0joj TEXHHUIM MAIIHHCKOT y4ema je ped. Y THIaj
KJIacTepoBarba OTpoIlIa4a Ha npeaBuljame MOTPOLIBbY eNeKTpHUHe eHepruje Ouhe ncUTaH y
NOTHOTNaBIbY 4 4.

YBHAOM Yy CTPYKTYpy HOTpOlIa4a Ha MOCMAaTPaHOM MNOAPYH]y (MPEICcTaB/bEHO] Y OKBHPY
nornasba 2.13), youaBa ce Hekonuko Moryhux cermeHara KojH MOTy MOCIYKHTH Kao OCHOB 3a
KIacTepoBare noTpomaya. O4ekBaHo je 1a ce Ha Taj HauMH MOTY M3BPILUMTH jOLI NpelU3HHja
npeasulama MecedHUX MOTPOLILY Y OAHOCY Ha OHa foOHjeHa mocTynkoM us [.

Kon oBaksor nmpucryna, ¢ase HakoH npee ce noMepajy aoaajyhu apyry dasy (2.) y kojoj ce
HajIpe BPIIHM KJIACTEPOBabe MOTpOINAada: IpeMa Mecely y KOMe ce MOTPOIIka OCTBapyje,
roJHIILEM 100y, KATETOPHjH MOTPOIIaYa MIH 30HH Y K0jOj NOTPOIIAY JKHBH.

OBako nob6HjenH KIacTepH ce da/be MOCMAaTpajy Kao MOTIYHO HE3aBHCHH CETOBH MOAATAKa.
Kao TakBu, mojuiexxy cBUM (pazaMa NpHKA3aHUM y OKBUpY NpBor npuctyna (I), kao u ceT koju
o0yxBaTa cBe IIOTpoLIaue Ha IOCMAaTPaHOM MOAPYY]Y.

3. Haxon m3BplIeHOT KlacTepoBama, Y HapeaHoj, caga Tpehoj ¢asm, Bpum ce ogadbup
MOJ€Na MAllHHCKOT Y4eHha.

4. YetspTa (aza 0dyxBaTa aKTHBHOCTH Ha HOJAEH CKyIla NojaTaka (KIacTepa) Ha TpeHHHT
U TECT CKYIL.

5. ¥ meroj ¢as3m ce mpucTyna npouecy Koaupama KaTeTOpHjCKUX 0Demeskja a MoToM U
CKaJIHpamy CBHX o0enexja.

6. Y mwecToj azu ce BpIIM TPEHUHT 0AadpaHOT MOJENa.

7. Y cenmoj dasu ce BpIIM eBallyalija MOAENa Kpo3 MPeTX0JHO 0gadpaHe MEeTPHKE.

MeTtogonoruja npukasana y okeupy 11 61 ce Morna rpaduuki npHkasaTH Kao Ha CIHIH HCIIOT
(Crmka 3-3), #0K ce KOMIUIETaH MOCTYNaK pajga y HCTPaKMBalby MOXKE NPEACTABHTH
JHjarpaMoM IpHKazaHoM Ha ciuim u3a (Cnuxa 3-4).

METOAONOFNJA - 11 TUN
1 ® 4
as A
ok 55 || oem
NPEAOBFALA | ®OPMUPAHE : PA3BO.J PP || oAt L
KNACTEPA saat
MOJATAKA > i MORENA %Q TPEHAT v 4
7 6 5
o0 &)
EBAJYALNJA 1 : OBYYABAKE % avcoormaua il
MOAENA ; T & MOAENA e NOPATARA e -
| Y A— I

Crnuka 3-3: Unyerpanuja daza y OKBUPY METOJIONOTH]E 3a NpeiBuhamke MeceqHHX HOTPOLIBH
eleKTpHUHe eHepruje 3a oapehenn knacrep notpomaua
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MPUKYTIMEARE NOOATAKA
YAWRHEHE NOOATAKA
1

HE BA
KNACTEPU3ALIMJA
nPUCTYN |

nPACTYN Il

‘ PA3BOJ MOOENA MN | | ©OPMWPAHE KNACTEPA

‘ TECTUPAHSE MOOENA | ::

‘ EBWAHHJA MOJJ.EHJ\ | KNACTEPOBAKE TWN | KNACTEPOBAKSE TMN N
PA3IBOJ MOOENA MN PA3BOJ MOOENA MN
EEAT AL WO

METPUKE (1)
RMSE, MAPE, RMSE[%). m
I
¥
METPHKE 1<(METPMKE Z; .... ; METPUKE N) >
ﬂAJ HE

OOABMP NPUCTYMNA

OJABWP NPUCTYMNA
CA YATABWUM CETOM (1)

CA KNACTEPOBAHKEM ()

-0

Cimxka 3-4: [lujarpaM TOKa HCTPRKHBAKA

Ha ocHoBy nmpennoxene MeTOJ0JOTH]e U pe3ynTara KOjU U3 ke npouctudy Ouhe mcnuTanu
YTHIAJH TT0j IHHUX ACTIEKATa a IPEeMa MOCTABILEHHM XHIIOTe3aMa:

e Hepamuu naunm (mpaszuuiy) OM TEOPHjCKM MOTIIH 3HATHO Ja YTHYY Ha TOTPOLILE

eNeKTpHUuHe eHepryuje. Y nornornaessy 4.4.7 duhe ncnura" BHUXOB YTHIA].
Pesynratn TecTHpama Mojena 3a MOAPIIKY KiacHdukanuju Ouhe nmpHkazaHum Kpo3
noTnornasmne 4.5.

VY nornarmy 4.6 OGuhe mpencrar/beH HalpT anjvkanWje 3a MOAPIIKY npeaBrhamy
NOTPOIILE EeKTPHYHE eHeprHje.

PesynTtatin noGujenn Ha OCHORY TIpe/UTOKeHe METOJI0NOTHje W NMpHeTyna Tpeba ma omoryhe
Hajupe omaGHp HajIoOy3JaHHjer MOJena Kao OCHOBE CHCTeMa 3a HpeABubhame MOTPOLIbe
eNeKTpUYHe eHepruje mro he Jasbe OCHTYPATH U OJAKIIA-E Npolleca YIpaBbamka HeToM. Tako
Ou pe3yATaTH OBe AUcEepTalldje MOIJIM MMaTH MNpPHUMEHY Y ITMPOKOM CHEKTPY arllHKalluja,
YKBYUYjyhH yIpaBmbame NOTPOLTHOM eNneKTpUIHE eHeprije Y 1oMahHHCTBUMA W HHIYCTPHjH
Ka0 W IpPUMeHe y TaMETHHM I'PafioBHMa H CHCTEMHMA 33 YIIPaBJbaibe GHePTHjoM.
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4. PE3YJITATH HCTPAJKUBAIA

CXOmHO IPETXOHO OMMHCAHOM MOCTYIKY (METOMOJIOTHjH) UCTPaXKHBama Y HacTaBKy he OuTH
NpUKa3aHu Pe3yITaTH KOjé OBE JBE METOMOJIOTH|E Aajy.

Hajnpe he xpo3 notmornassse 4.1 OMTH MCOHTaH TOCTYNAK NpENpolecHpama MojaTaka H
YTHLAj aJanTalnyje ceTa KOju ce OJHOCH Ha MPBY (asy.

4.1. IIpenpouecnpame yIa3HHX NogaTaKa

41.1. llpukynbame moAaTaKa i KAPAKTEPHCTHKE CKYNA YIa3HHX MoJaTaKa

Y ckymy mojaTaka cy caipiKaHM 3allUCH O TOTPOlImaMma eNeKTpUdHe eHeprHje CBHUX
nocTojehnx moTpoava Ha TEPUTOPHjU rpaja Ykdia, KOju ce 4yBajy y 0a3u nmomataka jaBHOT
npeayseha EJIC, Orpanax Yixune. [Tomanu ce ogHoce Ha nepHOA 0/ YETHPH TOAHHE H OCaM
Mecenn M caapku ykynHo 1.845.537° zanmca 3a 40.548 mepuux mecta (Opojuna). Ilpema
noJanMMa u3 IMJbHe 0ase 1MojaTaka o MOTPOIImbaMa eIeKTpUUHe eHepruje Jeo NoTpollada ce
HAlla3¥ y TPUrpajckoj cpeJuHH (03HAYEHH Kao ,,purpancka 3oHa™ - 30% ykymHor Opoja
MEPHHX MecTa), anu je BehWHa U jajbe HacTameHa y ypOaHOM Jely rpaga (03HaueHH Kao
“rpajacka 30Ha” - 70% mepuux mecta). Cnuka 4-1 naje rpaguuky npeseHTanujy noTpoliada Ha
OBOM MpOCTOpY, JOK Cy, IpeMa HajHOBHjUM MojalMma Pemydnuukor 3aBoja 3a CTaTHCTHKY
[135], oBe Opojke HemTo apyraunje. [Ipema moganmma 3aBoaa, Ha moapy4jy rpaga Yikuua 24%
CTaHOBHHKA XXHBH Y NPUrPaICKUM HacesbuMa 10K je Behuna (76%) y rpanckoj cpeaunn (Comka
4-2).

Mpurpaacka

M 'paacka soHa - 3oHa
70%

Cnuxa 4-1: OgHoc 6poja moTpomada npemMa 30HH ¥ K0joj JKHUBe

3 Ogaj Gpoj He npejcrasiba Opoj MepHUX MecTa Beh CBa N0jaB/EHBAA PANIHYNTHX nompoluaya ¥ ceTy nojaraka. Kacumje he
nohu g0 peaykumje Opoja Mepera NPWIMKOM Yuiihenha nojaTaka i yKldbabha peyJaHTHIX 3aruca.
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Ukupan broj domacinstava Prosecan broj élanova domacinstva

25473 2.48

Ukupno b 18.43% 16.03%

19.68% 17.41%
10 000

C
I Nema ks a 1434% 11.5586 12.12%

Cnuxa 4-2: CTaTHCTHYKH IMoAalM: ogHoc 6poja noMahHHCTABA Y TPAICKO] H NPUTPAJICKOj 30HH HA
TepUTOpHjH rpaga Yxkuna [135]

JlasbuM yBHIOM Y TIOAATKe U3 TECTHOT CeTa, Ha OBOM HOApPYYjy 4ak 96% Opojuna ce Hanasu y
nomahnHCTBMMA® 10K cBera 4% unmHe HegoMahnucrea’ (Cnuka 4-3). [Torpomaun u3 nomena
jaBHE M 3ajeHUYKE MOTPOIILE (00jallllbeHH Y MOTNIaBby 2.13) HUCY IpeaAMeT UCTPaKUBama.

¥ [lomahuHcTBa
96%

M HepomahuHcTBa
4%

Cnuka 4-3: Oguoc Opoja moTpouada npeMa KaTeropHjH MoTpoLaa

[TocmaTpano npeMa IpynH NOTpolIada, CBH NOTPOIIAYH HA MOCMATPaHOM MOAPYHjy ¢ MOTY
pasBpcTaTh y ner rpyna: lupoka nompounva — jeduomapughna opojura — 21%, Hlupoxa
nompouitba — dgomapugna dpojura - 79% u ca no Mame of jeqHor npouenTa CpelsH HANOH
10kV v Hucku nanon (Cnuka 4-4).

5 Mon repmutsom domahurcmea y Gau 11012 TAKA 110 Ipa3yMeBajy ce NOTPOLIAYH KOjH suBe 1 y kyhama i cranosumMa.

"Mox TEPMHHOM Hedomahuncmea y 0a3n nojaraka cy oBeleKeHn CBI AP YIY NOTPOLIAYH (CBH OHHU KOjH CIIGKTPHYHY eHEPIujy
He Kopucre 3a norpede qomahuucrsa).
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" Cpefpby HanoH. LWupoka

10kV Hucku HanoH NOTPOwWH>a —

0% '-._I‘II. 0% - JjepHoTap noHa
\ 6pojuna

21%

M lllupoxa
noTpoLHa —
AsoTapudHa
b6pojuna
79%

Cnuka 4-4: Onnoc Opoja noTpouIaya npema rpynu

VY HUBHOM CKyTy IIoJaTaka, pasiIHuuTe TPyINe H KaTeropHje IoTpoLlaua y3poKyjy 1 BeIHKAM
pacnoHoM ToTpommH, m3pakeHnM y kWh. Ckyn nmojaTtaka obyxBaTa cBe moTpolnade, of
MaINX MOTpolaya, KojH 4ecTo MOTy IpeacTaB/baTH H Kyhe 3a oIMOp Koje ce KopHucTe caMo y
HojeIMHUM JelT0BHMa FOJHHE, T1a 10 BENHUKUX MOTpolada Koju ce 6aBe pasTHIUTHM BpcTaMa
HPOM3BOIILE H CAMHM TUM HMAajy jaKO BelIHKe MeceuHe MOTPOLIE.

4.1.2. ApanTanHja HHHLHjATHOT CKyna odejexja

Ckyn obenexja Koje TMCTpHOYTHBHA KOMITaHHja Oenexu y cBojoj 0a3u U KOjU Cy JOCTYITHH Ha
MOUYETKY HCTPAKHUBAKA THUY C€ OCHOBHHX KapaKTePHCTHKA MEPHOT MECTa CBAaKOI MOTpOIIaya
n o0yxBartajy cneaehe kapakTepucTHKE:

¢ 03HaKa HOTPOIIAYA,
e KaTeropHja NoTpolaya,

e TOTpOIIayKa Ipyma,

® 30HA y KOjOj NOTpPOILIAY XKHBH (30Ha MEPHOT MecTa),

¢ 00pauyHCKH NepHof U

e OCTBapeHa MecedHa MOTPOIIIha.

VY nodeTHO] (pa3y UCTpaKUBamba, TOCTOjAIH CY MOKYIIAjH Aa ce MPoOIeM MPOLEHE MOTPOILIE
eNeKTpUYHEe eHepTHje BPIIN MoMOoNy jeIHOCTaBHUX, 1aKO MPUMEH/bUBHX TEXHHKA MAaIIHHCKOT
yuema (IonyT JnHeapHe perpecHje U crabana OjIyKe, KOjH Cy ONHCaHH Y MOTTIaBiby 2), alH
IpBH pe3yaTaTH HUCY Ounu oxpadpyjyhu. ¥ Tabenu 1 cy natu pe3ynTaTi 0BHX NOKYyIIaja Kpo3
HEKOJIMKO Mepa eBalTyaliije Moaena koju he Outu kopumhenu n kacuuje. Mako npsu pesynratu
He aenyjy oxpabpyjyhe, Ouhe uckopumiheHH Kao KOHTPOJIHE BPEIHOCTH 32 HCIHTHBALE
yTHIIAja KaKko ajanTaldje ceTa Tako U 3a yHampeheme Mozena.
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Tabena 1: Pesynraru nobujenn ynotpeboM HEKOIMKO TeXHHKA MAIIIHHCKOT YUerha

Mogmen RMSE (%) MAE (%) MAPE (%) AR (%)
Jluneapna perpecuja 42 30 27.82 83.67 . 64,16
['paaujent dycr (XGBoost) 40,14 2549 68.44 7043
JInneapun SVR 43 09 26,99 73,14 65,92
Xybep perpecuja 42.80 2703 75,26 7043
Crabna ognyke 53,50 3432 71.67 47 47
Tecrnu mogen ANN 39.99 25,39 65.50 72.87

Beh y oBoj ¢asmu uctpakupama rocraje jacHo aa obenexja JOCTYNHA Y WHHIIUJATHOM CKYTY
nojaTaka HHCY JOBOJbHa Ja OH ce jemaH oBakaB IpoOieM Morao peliaBaTH TCXHHMKaMa
MAIIMHCKOT yuema.

[TpoBepom yTHmajHocTH (BaxkHOCTH) obenexja y ckyny nogaraka (Cnuka 4-5) oBo je u
norepheno. JloctynHa ofenexja HHUCY JOBOJBHO caipikajHa Ja OM c€ M3 BHMX HCIPIENO
noTpebHO 3Hame U Aa O ce pe3ynTaTH MOTTIH KOPHCTHTH 3a pelllaBaibe pealHor npodaemMa.
Taxobe, pesynratn y Tabemn 1 nokasyjy aa HajBehn noTeHnmjan y pelmasamy OBOT pobiema
nMa TectHn ANN Mopen na je Oynyhu pan 6asupan ynpaso Ha 0BoM Mojeny y3 nopeheme ca
rope HaBeIEHHM MOJEINMA.

OBRACUNSKI_PERIOD

POTROSACKA_GRUPA

ZONA_U_KOJOJ_ZIVI

KATEGORIJA_POTROSACA

OZNAKA_POTROSACA

L T T T T T T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Cnuka 4-5: Baxxoct obenekja y HHHIMJATHOM CKYITy [IOJaTaka

Haxo ca najehum moTeHIHMjanoMm, 4aK HA pe3ynratu koje aaje moaen ANN He Mory ce
OKapakTepHcaTH Kao OOBOJEHO nobpu. EpanmyarmjoM Momena u mpahemeM MeTpHKAa TOKOM
npoueca o0yke M TecTHpama Monena (Cmika 4-6) xobwja ce yBHI y Hee()MKacCHOCT H
HEJIOBPLIEHOCT IPOY3POKOBAHY MambKOM KOPEKTHUX o0enexja.

OBrM ce mobHja OMINTA XUIOTE3a MOCTABJbEHA HA IIOYETKY HCTPAKHBAIA, jep HA OCHOBY
nojaTaka o MOTPOIIMKAMA EEKTPHUHE eHEpruje moTfuada Koje Geneskd AHCTPUOYTHBHA
KOMIIAHWja, HHje Moryhe mpenusHo npeaBHAeTH Oyayhe noTtpomme mnocrojehux wnnm
HOTPOLIHE HOBHUX IIOTPOLIAYA CA CIIMYHAM KaPAKTEPHCTHKAMA.
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Cnuka 4-6: [lujarpamu npaheHHX METPHKA TOKOM Npolieca o0yuaBama noixazHor Mojena ANN Ha

HHHIIHJATHOM CKYIy MOJATaKa
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V umpy noOnjama NpEeUM3HUjUX pe3yiTaTa HEONXOMHO je nocTojehH ckynm oboraTtuTtn
JoJaTHUM 00eNekKjiuMa Koja ce He THYY CBAKOT NOjeIMHavHOr noTpouada Beh amOujenTa u
OKpy3Kemha y KoMe NOTpolIauy KHBe, OJHOCHO Te ce MepHa MecTa Hanase. Obenexja Koja ce
TOM MPUITHKOM JOAATHO YK/bYUY]y Y HHHIIHjalIHH CKYT MofaTaka, Ipeys3eTa cy M3 M0oy3IaHHuX
H3BOPA, XPOHOIOIIKH 32 CBAKH Mecel] y TOCMaTPaHOM IIepHOIy:

e METeOpONOWKH nogauy (atpudyTu: ,, [lpoceuno mpajare obdanuye y camuma *, ,, bpoj
cynyanux camu y meceyy”, , Ilpoceuno mpajare (6poj) cynuanux camu”, , bpoj
obaaunux oana“, , bpoj eedpux oana“, ,, Hajnusca meceuna memnepamypa”,
. Hajsuwa meceuna memnepamypa™, ,bpoj oana y meceyy ca nadasunama”,
Iadasune y mm", ,, Brancnoem easdyxay %", ,, llpoceuna meceuna memnepamypa')
npey3eTH Cy ca 3BaHMYHE MHTepHET Mpe3eHTalHje XHIPOMEeTeOPOIOLIKOT 3aBOJa
Cpbuje [136];

e mojanu o Opojy pagHHX W HepaJHUX AaHa (arpudyTH: ,.bpoj dana npasuuxa*”, , bpoj
dana suxenda '’ v, bpoj padnux dana*) ca ctpanune [137];

® [OjJcNIa Ha FOJUIIba 100a Ha OCHOBY KIHMaToNomke nojene npema [138] (atpubyT:
1 oduumwe 0oba ', Cnuka 4-7),

Deuembap
8.09%

®ebpyap
Hosembap

9.17%

Oxrobap 26.51%
9.24%

Centembap
8.95%

-~ Asryar

Cmxa 4-7: [lomena Meceny Ha TOAHIIHA 1004 ca MPOLUEHTYATHHM YIEIOM Y MOTPOIILH

e 3ona nompowre " ce onpehyje na ocHoBy 6poja norpomennx kWh [2], [139]. Takobe,
aTpuOYVT ,,30Ha nompouirbe y npemxoonom meceyy ' je 100HjeH Ha UCTH HAYHH CaMO
nocMmarpajyhu noTpourmsy Kojy je moTpoiay uMao y mpeTxoaHom Mecelly. [lotpourme
mame o7 350 kWh ce cBpcraBajy y 3eneny 3ony, ox 350 no 1600 kWh y nnay 30ny u
notpourse Behe ox 1600 kWh y upseny 3ony;

e atpudyT ,./Ipoceuna nompowrsa* je 100HjEH H3pauyHaBambEM IPOCCUHE NOTPOLILE 3a
CBaKor MOTPOIIa4a PECNEeKTHBHO;

e atpudyt ,,Tpend nompourse nompouwtaya " je 1obujen nomohy nuHeapue $pyHKIHje 3a
CBakor MOjeAMHAYHOT TOTpOIIaya, METOJOM HajMamMX KBajgpaTa (jenHauuHa (33)), a
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Ha OCHOBY 3abenexeHnx noTpouImLH KOje KOHKpPETHH MNOTpomiay HMa Y CBHM
nocMaTrpanuM MeceHMa;

y=mx+5b. (33)

e atpubyt ,Muduxamop amnomanuje — scores’ je mo0MjeH MeTOJOM 3aCHOBAHOM Ha
CIydajHHM IyMamMa M KoJeKIMju OmHapHHMX cTaballa OMTy4uHBamba, M30JMALUOHHM
mymama (enri. Isolation Forest), npema [125]-[127]. To je kacHHje TOCIYKWIIO U 32
OTKPHBAILE aHOMalHja y CAMOM CKYIy, jep J00HMjeHa BPeIHOCT IpeicTaBba Pe3ynrar
(eHri. Score) KONUKO je Heka HHCTAHILIA aHOMAJHja K He. BpeaHocT oBor obenexja
je nepunncana jennaunHoM (34) m uma BpegnocT o 0 10 1, npu yemy ce BpeAHOCTH
Onu3y Hy/e cMaTpajy aHOMaIHjOM:

E((x)
s(.r,n) =2 (34)

rae je:
e /i(x) Ly)KMHA NYTame O YBOpa Y KOPEHY [0 KPajiher CIO/ballLeT YBopa X;
e FE(h(x)) je cpenma BpemHOCT Of1 A(X);
® ¢(n)je npocek ox Ai(x) 3a gato n (c(n) je xopumhen 3a HopManu3auujy h(x));

e atpuldyru ,, Paziuka y nompouisu v 00HOCY HA Makcumainy'* n ,, Pasiuxa y nompouwirsu
Vv 00HOCY Ha MuHumaniy ' cy NJOOMjeHHM Kao pa3iuka o7 MakcHMalHe W MHHHMATHE
MOTPOLIEE KOjy CY Yy TOCMATpaHOM TepHOly WMaid CBakM O] TMOTpOIIaya
NI0jeAHHATHO.

OruM ce 3aBpIIaRajy MpRe JBE (hase HCTPAKHUBAA YMjU PE3YNTAT je popMHUpaH ckym obenexja
(Cmuka 4-8). [Torom cnean ¢dasza mpenpouecHpama rnonasehn o ceneklnuje peneBaHTHHX,
HpEeIeBaHTHHX M HepelleBaHTHUX MOJaTaKa.

® [1poCceqHo Tpajare (Bpoj) CyHYaHuxX catm
®Epoj paaHvx AaHa
®Epoj AaHa BUkeHAa

©03Haka noTpowaua
o Kareropuja notpowaua

SMoTtpowauxa rpyna ®Epoj AaHa npa3Huka
1 ©30Ha Y KOjoj XXvBK ® [leTie/3MMCKO pauyHatee BpemeHa
2 ©06pauyHcKK Nnepuog, ® [oaule joba
® MIHaMKaTOp aHOManwuje scores

* [poceyHa MeceyHa Temneparypa ® TpeHa noTpolwaya
® BraxHoCT Basgyxa y % * [loTpowba y NPeTxo4HOM MeceLy

/®MNagaeuHe y mm *oTpoltba Npe 2 Meceua
* bEpoj AaHa y Mecely ca najgaBuHama ® [loTpowba Npe 3 Meceua
* HajeMlwa meceuHa TemnepaTtypa ® 30Ha NOTPOLIHE
* HajHW>a MecedHa TemnepaTypa * 30Ha NOTPOLWHE Y NPETXOAHOM Meceuy
* Bpoj BeApVx AaHa * [poceyHa NoTpoLWba NnoTpolwada
* Bpoj oBnauHmx gaHa * Pa3nuka y NoTpOLUHtM ¥ OAHOCY Ha Makc.
* Bpoj CyHYaHWX caTh y mecewy ® Pasnuka y NoTPOLWbM Y OAHOCY Ha MWH.

* [poceyHo Tpajatbe obgaHnue y catuma

Cnuka 4-8: Konaunu ckyn obenexja popMHUpaH y OpBOj ha3u HCTPaKHBamka
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4.1.3. Koanpame n HopMaIn3amyja yJIa3HHX NoaTaKa

Pacnonena Hymepuukux obeneskja HM/BHOT CKyTa ojaTaka fara je Ha cieachoj crmun (Cmka
4-9) 1 moka3syje ga cy mojauM docTa Heyjennadend. OBo Harnamaega norpedy aa y dasu
npeaoOpaae nogai| Oymy cKaaTUpaHH.
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Ciuka 4-9: Pacniojiena BpeHOCTH Ha HUBOY CBAKOI' HyMepHYKOI o0esiexja
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Han nuaHuM cKymmoM oJiaTaka y 0BOj AUCEPTALNjH, paau oaab1pa HajIOBOJLHHUJET, TECTHPAHO
jé HEKONHKO THIIOBAa CKalHpama MOJaTaka Kao M IOCTyNaka KOOHpamd KaTerOpHYKHX
nojaaTaka. 3a KOOUpame KaTeropujckux ofenekja KOPUCTH ce KOIUpame CBake KaTeropuje
obenexja momohy 0 u | (One-Hot Encoding) u xonupame 3aCHOBAHO HA CPEAH0j BPETHOCTH
IIUJbHE BapHjadlle Kako je 00jalmeHo y nornasspy 2.12.

Ha cnepehum cnvkama far je npukas nojaraka y M3BopHoM o0nuky (Cnmxa 4-10), HakoH
KoJupama KaTeropujckux obenexja (Crnuka 4-11) u ¢puHanHM 006IHK MoJaTaka COPEMHHX 32
yia3 y MojJeln (HaKOH U3BPLISHOT KOupama U ckammpama) (Cnuxa 4-12).

Ko6n xoju npaTu mocTynak ajanTaiyje ceTa y (pa3u npenporecupama, 3ajeJHo ca nojanuma
KopuIIheH!M 3a ajanTamujy, AaTH cy y Buay npunora (IIpumor 1 - 5).
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Hpazana Knexceesuh
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Hpazana Knexceesuh [Hoxmopcra oucepmayuja

Jomr jenan 3HauajaH OCBPT Ha MOJATKE, ca LUJBEM HAeHTH(HUKaNH]je oOpa3ana 1 Beza H3Mel)y
obenexja, JaT je Bu3yenHoMm kopermanuonoM marpuiom (Cnmka 4-13). Ha cBakom mosby
yKpIITama ABa obenexja KOTOPHOM CKanoM (TOMIOTHOM MarnoM) ali U BpeJHOCHO MpHKa3aHa
je moezaHocT Mely obenexjuma. Hajeceernuje Hujance 6oje Ha KOJIOPHOj MAITH UMajy T0Jba ca
HAjHIDKOM — HETATHBHOM KOpelalHjoM 0K HajTaMHHja T0Jba MMAjy HajBHINY NO3MTHBHY
Kopemauujy. Maxko je odekmBaHO, M NPETHOCTABIBEHO INPBOM MOCEOHOM XHIIOTE30M [a
BpeMeHCKe NpHIMKe (KOIMYMHA TaJaBHHA, CyHYaHH M OONaYHM JaHW, MpocedHa MeceuHa
TeMIepaTypa UTA) UMajy KJbY4HY YIOTY H BEIMKH YTHIIaj Ha TIOTPOIIILE eNEeKTPUUHE eHeprHje,
a caMMM THM M Ha Ipollec HBeHOT npeaBuhama, KopenanoHa MaTpUIa MoKasyje Ipyradujy
cimuky. CBaxy o7 oBHX o0enexja Hma Onary (3aHeMapJbHBY) KOpeTalHjy IITO JOBOJH Y THTAbe
ILUXOBO YBOljembe y ckyn obenexja. MelyyTum, eMOHpHjcKH ce A0Ta3H A0 3aKk/bydKa Ja U TakBa
obenexja UMajy yTuraja Ha kpajwH uexoia. Toxom Tpennara ML momen nponanasu 3HadajHe
Bese u3Mehy obenexja koje ce ronHM OKOM M KOPENalMOHOM aHAITM30M HE MOTY AHPEKTHO
YTIBPAUTH.

daze uctpaxuBama o1 2-5 npema MOCTaBJbEHO] METOOJIOTHjH y nornasby 3.3.1 nerabHuje
he GuTH onMCcaHK Y HApCAHHM TIOrTaBJbHMA.
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Hokmopcra ducepmayuja
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Cnuka 4-13
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Hpazana Knexcesuh Hoxmopcra ducepmauuja

4.2. Uctpasxupame nogataka. OTKpHBalhe 3aKOHHTOCTH ¥ IMJBHOM CKYNY NojaTaka

Henocpenxo npe pa3soja Moaena 3a npeasuhame TOTPOLLILH eIeKTPUYHE HEPTHje MOoTpedHOo
j€ JeTabHO HCTPAKUTH MOJATKe Y CKyny mofaTtaxka. Kako cy y ckymy cajapkaHH MojaiH o
NnoTpolImaMa 3a HETHPH TOAHHE H 0CaM MeCClH, paJH JJaKIIe YIIOPEIHBOCTH IToAaTaka, 3allHCH
0 MOTPOIIHAMA 32 MOCIEABIX 0caM Mecelln he OUTH yknomenu 1 ckyn he GUTH mocMarpan 3a
OKBHp 01 4 X 12 mecenn.

Hajbosbu yBUA y CTPYKTYpY HOJaTaka C€ NMOCTHKE IBHXOBOM IpapUuKOM Mpe3eHTalHjoM. Y
HacTaBKy he OMTH mpukasaHe pacrofielie MOTPOLIKHH 32 CBE MOTPOIIaYe Ha MPOCTOPY rpajaa
Vixuua.

Cnuxka 4-14 1aje npukas yKyIHe [IOTPOLILE eNeKTPUYHE eHepruje (I1aBa IHHHjA, U3PAXKEHO Y
mumuonnma kWh) u Opoja MepHHX MecTa — Mepema, OuHTaBama Opojuna (3eIeHa JNHHH]A,
M3paKeHO Y XWhaJaMa) Ha MOAPYHjy Ipaja YiKHIA 3a MepHoj 0 4eTHPH roanHe (IocMaTpaHe
XpoHoNOoMmKH). Jlujarpam HIIycTpyje NogaTke cagpkane y HHULUJaTHOM CKYITY.

Nperneg cyma mecedHux NoTpowksK y kWh u Gpoja mepHux MECTa 33 NEPHOLA Of YETHPH FOAHHE (HHMLMW|aNHKW ceT)

Cyma notpowrsm y kWh Bpoj mepersa

Cnuka 4-14: Yxynna notpoumbsa 1 Opoj MEPHHX MecTa 110 MECELMMA 3a IEPHO O] YETHPH
roguHe (MHHIKjaIHA CKYT)

Ilocmarpajyhu BpeaHOCTH clieBa Ha JecHO JaToT AujarpaMa (mopemehm modeTak M Kpaj
HocMaTpaHor NepHoja) MosKe ce MPHMETHTH pacT Opoja NoTpollada Koju HHje npaheH HeTHM
TPEHAOM Yy THOriefy OCTBapeHUX MOTpolbH. JleTabHUM YBHIOM Y NOAaTKe OTKPUBEH je
onpehen Opoj moTpomauya koju y HajBehem Opojy Mecenu Hema 3a0ene)xeHe HHUKAaKBe
norpoumbe. Hajuemrhe je ped o moTpormaunma KojH cy ofnjaBHiiH Opojuiio anu JUCTPHOYTHBHA
KOMIIaHHja TaKBa MEpHa MecTa He yKiama U3 cBoje 6ase y oapeheHoM nepuony na cy 360r Tora
u osae npucytHu. [lopen Tora, y MHMIMjanHOM CKYNy Cy 3aCTyNJbeHM M MOTPOLIAYH M3
HEKOJIMKO KaTeropHja Koje HHCY Of 3Hauaja 3a mpeasuhame MOTPOLIBLH H NPeJCTaBIbajy
Hajuemthe Beluke noTpolnade. JefHa TakBa KaTeropHja je ,.JaBHa pacBeTa‘.

Haxon unmnhema nomaraka mMHHje Ha aujarpaMy no0ujajy apyraunju msrnen (Cnmuka 4-15)
omucyjyhu unanuu ckyn koju he Outn xopuiheH 3a Jasbe HCTPaKHBALE.
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Hpazana Knewcesuh Hokmopcra ducepmayuja

Mperneg cyma meceunux notpowksu y kWh u 6poja mepersa 3a nepuog oa yeTupu roguHe (dunanku cer)

——Cyma notpowrsk y kWh - -- Bpoj mepersa 30

¥ MHAWOHKME
~
]

¥ XM/baaama

jvn 2014
jyn 2014
arycT 2014

maj 2014
cenTemBap 2014

janyap 2014

$ebpyap 2014

mapt 2014
anpun 2014
onoBap 2014
jawyap 2015
$ebpyap 2015
mapt 2016
mapr 2017
anpun 2017
wma) 2017
jyw 2017
jn 2017
apryct 2017
centembap 2017

anpun 2016
aBryer 2016
centemBap 2016
Janyap 2017

oxrobap 201!
$ebpyap 2017

wopembap 2014
nAevyembap 2014
debpyap 2016
owtofiap 2017

centemBap 201
HoBemBap 2016
Aeuembap 2016
noBemBap 2017
AeuemBap 2017

Ciuka 4-15: YkynHa notpomisa 1 Opoj MEPHHX MecTa [0 Mecel[UMa 3a TIEPHOJ] 0] YETHPH TOJHHE
(bunanuu ckym) [54]

Cnuka 4-15 gaje, Ha npBH norye, wabIOHCKH paclopel BPSIHOCTH M THME HaroBeIITaBa J1a
ce MOTPOIUKE MOTY NPaTUTH ce30HCKH. Kao mTo je nokazano y [143] noTpoume cy HEIITO
Behe y 3uMcKHM HeTo y NeTHUM MecenlnMma. U 1ame je mpumeTan O1aru nopacT Opoja MepHUX

MecTa TpemMa Kpajy oOpadyHCKOr IepHofa INTO je MOocHeIHIa NPUK/bY4HBamka HOBHX
HOTPOLLAYA HA MPEKY.

Mecenu y xojuMma ce Oemnesxe oIUITPH MaJ0BH Ha 00e IHHHje NPEACTaB/bajy Mecelle Kaja ce 10
oapehenor Opoja nmorpomada HMje MOIIO AOhM ycle[a JIOMMX BPEMEHCKMX HpPHIMKA MIIHM
OJCYCTBa BJIACHHKa IITO j€ YCIOBHIIO HEOUMTaBamke OBUX Opojuna. Y TakBHUM CHTyallHjama ce
HOTpOIIHA 00eIekKaBa ca HyJIOM IITO he ce 0JpasHTH Ha NOTpolIy Yy cneaehem Mecely unu
MmecenuMa. [TocmaTpano U3 yria nojeinHIa, TO y3pOKYje CKOKOBE Ha AUjarpaMy NOTPOLILE U
MOJKE CTBOPHTH IPUBHJ NoBehaHe MOTPOIIILE ITO JOTATHO OTeKaBa MOCTYMaK NpeaBuhama.

Kako 6m pasnuke (wnm cnuunoctd) usmehy mecenn u rogmmmux noba Oumne jacHHje, Ha
cnegehe ABe CIMKe JaT je MPHKA3 CyMapHHUX MOTPOLIKBH 33 CBE MOTPOLIAYE MO TOJHIIIBHM
nobuma 1 Mecenuma y rogunu (Cnuka 4-16 u Cnuka 4-17).

Morpowree y kWh no roguwrenm gobuma (cymapHo 3a yeTupu roauHe)
120

- 112
= 105
ES
g 100 94
=
3
Z 80 76

60

40

20

nponehe neto jecen Iuma

Cnuka 4-16: YKynHa IOTPOLIEA 10 TOAHIITEBHM J0OHMA (TIOCMAaTpaHo CyMapHO 3a YeTHPH I'OJIHHE)
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Hpacana Knexceesuh Hoxkmopcra ducepmayuja

MNoTpowre y kWh no meceumma y roaguHmM (CyMapHO 3a YeTUPKW roauHe)

45
40 39

35 33 34 33

30
25
20
15
10

5

Jauyap debpyap mapr anpua aeryer  centembBap  owrobap wopembBap geuembap
WCyma 32,5444 34,2383 38,6658 33,0151 31,9423 20,3426 24,5389 18,1653 32,0742 38,7882 39,7373 33,9542

¥ MWAKMOHKWMA

Crnuka 4-17: YKyIHa MOTPOIIIEba M0 MECEIIHMA Y TOJHHM (TIOCMATPAHO CYMAPHO 34 YETHPH TOJTUHE )

[TpumeTHO je ma ce y TOKy jeceHHM M 3ume (of okToOpa mo mapTa) Oenexe Hewto Behe
MOTPOLIE O] OHUX Y APYToM ey roaune. To ce motBphyje u Meceunnm npernenom (Cnnka
4-17), opaxine ce BHOM aa ce Hajsehe moTpoumke ocTBapyjy y HOBeMOpY (OJHOCHO MapTy H
OKTOOpY) JOK HajMame MOTPOLIHLE HMa Y aBTyCTY.

V morneny xaTteropuje M rpyne noTpomada Koje JOMUHHpajy (y ckiany ca ciukaMa: Cimka
4-1 u Cnuxa 4-4) 3aHEMBHBO j€ [MOKa3aTH ¥ 0JHOC NOTPOILLGH OBUX KATETOpHja MO FOJUIIHHM
noouma u mMeceruma (Cnuka 4-18 u Cnuka 4-19).

OpaHoc noTpwibe 3a AomahMHCTBa M BUPMaHCKe NOTpoLaYe No roguilibium gobuma

30%

27%
25%
25% 23%
20%

20%
15%
10%

5%

’ 2% 1% 1% 1%
0%
jeceH nponehe netTo 3uma
M nomafivucTea H BUPMaHCKK NOTPOLWAYK

Cmika 4-18: IToTponimka npemMa KaTeropHju MoTpolada (cyMapHo 1Mo TOJHITHUM J100HMa)

Cnuxka 4-19, nokasyje jacHy paslMKy y 0OMMY MOTPOIILU JBE paHHje MOMEHYTe KaTeropuje
norpowaya; foMahuncTea (nnasu ctyouhu) y ogHOCY Ha YKyNIHE HOTPOLIHE MOTPOIIada BaH
JomahuucTaBa (HapanyacTu cTyOuhm). Tek ceera 5% yKynHE OCTBapeHE NOTPOUILE Y
duHanHOM CKYTy NpUnaja noTpolrayuma BaH JomahmHcTaBa. OBO je MOTIYHO NPUPOAHO
0031poM Ha Opoj aKTHBHHX DpojHIIa Ha HUBOY CBAKOI Mecena (HcrpekuaaHe IMHHje H ¥ oca ca
JIECHE CTpaHe).
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Oaxoc noTpwisM y AoMahMHCTBMMA U HeQoMahMHCTBMMANO MeceLmMma
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Crnka 4-19: [ToTpouima npemMa KaTeropHjH MoTpolaya (CyMapHO 0 MeceluMa y TOAHHH)

Hacynpor Tome, panuje je y [143] npukasana gocta Mama pasiuka H3Mel)y oBe 1Be KaTeropuje
y Torneqy MOTPOIILE, YakK M 3a MojeIrHe Mecelle mpuMeTaH je Behn M3Hoc moTpoimme 3a
noTpouade saH JomahuHCTaBa y oaHocy Ha oHe y qoMahuuctBuma (Cnuka 4-20, ciuka (a))
JOK ce y norneny 6poja ounTaBama (Cnuka 4-20, (b)) HcToBpeMeHO NMOKa3yje Ja HEIITO Mambhe
on 8% ykynHor Opoja ouMTaHux Opojuna nocTwxke Bume of 50% wUENOKYNHOr HM3HOCA
HOTPOLIILH.
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no KaTeropuju noTpoLava no KaTeropuju noTpolaua

92.4%

(1,712,083)

1 lomahwHcTBa
ounTaBakba

= HegomahuHctea

Cnuka 4-20: a) YopeJHH OpHKa3 OCTBAPEHE NMOTPOILILE 32 CBAKH MECEl]
b) [Ipukaz 6poja ounrapama Opojuia U OCTBAPEHE MOTPOLIHLE NPEMa KATETOPHjH noTpoiaya [ 143]
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Paznor pasnuke npukasane Ha cnukama Cruka 4-19 1 Cmka 4-20 monasu U3 caMor H3BOPHOT
ckyna. ¥ pany [143] cy kopumthenn nenpeunmhenn noganu Koju o0yxBarajy cBe KaTeropHje
U rpyTie NOTpolIada H MEPHHUX MecTa YKIbY4YjyhH U oHe ca eKCTPEeMHO BETMKUM HOTpOlIbhaMa
U MepHa MecTa jaBHE pacBeTe Koja HMCY KopHInheHa y Ja/beM HCTpakHBamby. YTIPaBoO CIHKe
Cnuka 4-19 u Cnuka 4-20 onpasnaBajy HCKJBYYHBamke OBAKBHX MOTpOLIada U3 fJake obpase.

M3 cTpykType moTpoiaya y noriedy KaTeropuja U rpyna noTpomlada Kojoj Npunaaajy Moxe
ce 3aKJbYYMTH Ja Cy y KaTeropujH gomahHMHCTBAa NPHCYTHE caMO JBe IpyIle NOTpollaya:
~Hiporka nompowirea — jednomapughna 6pojura ™ wn ,, lupoxa nompowrsa — dsomapugpna
bpojura’ JOK Cy y KaTeropuju HeioMahHHCTaBa TIOpe] OBe JBE, 3aCTYIJbeHe U CBE OcTalle
rpyne notpomiada (Cnuka 4-21), 1o je u nokazano y [143].

AOMARMHCTBA HEAOMARMHCTBA

4 Wupoka noTpowra — AsoTapudHa bpojuna
4 \llnpoka noTpowsa — gsoTapudHa 6pojuna A Wwpoka noTpowrba — jegHoTapuHa Bpojuna
A Cpeppom HanoH 10kV

# lnpoka noTpowksa — jegHoTapudHa Bpojuna A HWekm HanoH

Cnuka 4-21: Pacniogena rpyna norporaua 1o KaTeropsjaMa

43. llpensulame moTpoimbe eJieKTPHYHe eHepruje 3a cee noTpomaye: [pucryn I

HakoH oTKpHBama OCHOBHHX CTPYKTypa Yy CKyNy MojaTaka M YHO3HaBamba KapaKTepHCTHKa
noTpomlaya HacTyna paza pasBoja Mofela MAIIMHCKOT yuemha 3a Ipejsubame MOTPOLILH
eNeKTpUIHE eHeprije.

Ha ocHoBy panujer nopehema pesynrara pa3muauTAX TEXHUKA MalIMHCKOT yuema (Tabena 1,
nornornasbe 4.1.2) kao MofeN ca HajBHIIE NOTEHLHjala MCTHYE Ce BElITauka HEeYPOHCKa
mpexa. M3 Tor pasnora he Hajnpe OMTH NpHKasaHM pe3yNTaTH MOJENIa 3aCHOBAHOT Ha
HEYPOHCKMM Mpexama. ¥ HocTynky uspaie ¢unamHor ANN Mojena monasd ce of paHHje
NpHKa3aHor, TecTHor Mojena. Komnneran mnpolec H3BOAM ce XEypHCTHYKH, KopHcTehn
cazHama M3 TEOPHJCKHX OCHOBA M 3HAMKA CTEUEHHX HUCTPAKHMBAMEM I10JIaTaka IMBHOT CKYTIA.
INpunukoM opMHpamba IPENIOKEHOT MOJeNa y3eTe ¢y Y 003Hp pasHe TEXHHKe, BPCTe CII0jeBa
Mpeke, Hajpa3IM4uTHj e KoMOMHaNMje XUnepiapaMeTapa Ja 01 ce J01UI0 40 (PUHAIHOT MOJENa
CMOCOOHOT Ja MPeABHIN MeCeUHe TOTPOLILe eNeKTPHIHE eHepruje ca MUHHUMATHOM TPEIIKOM.
Pan ca ANN nakon dopmupama Moena, HaKo WTepaTHRAH, MOXe ce IMOCMaTpaTH Kpo3 JIBe
ocHOBHe (hase — a3y TpeHHHra H a3y TecTHpama Mojena. Obe dase cy mojjenHako BaXkHe,
Mopen Tpeba aa ucnosby godpe ocobuHe U TOKOM TPEHHHTa MOJeNa alni U Ja UCTe MOTBPIUTH
Ha TECTHOM Y30pKy. ¥ Tom norneny cy ANN moceGHo norosne, jep 300T CBOje ananTUBHOCTH
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JIaKo ycIeBajy Ja ce mpuiarojge HoBUM nopamumMa. Tokom mpoueca obyke, ANN cy y cramy
Ja ICTOBPEMEHO y3MY Y 003Hp BelHKH Opoj apameTapa KOjH YTHYY Ha HOTPOLILY eNeKTPHYHE
€Hepryuje M TUMeE NPENo3Hajy Bese u3Mel)y Hausrneq HenoBe3aHUx nojaTtaka. Ca apyre cTpawe,
HCTpaXKMBaY MOXKE Ja MpaTH BPeIHOCTH K/bYYHHMX NapaMeTapa M BpPIIM eBalyallljy HakoH
CBaKOT LIMKJyca IITO My Jaje MoryhHoCT Ja Ha MCTe yTude.

Y mapennuMm mnoTnornas/kHMa Ouhe mpeacTaB/beHM MOjeAMHAYHH  XHMIEpHapaMeTpH
HpeIOKEHOT MOIeNa.

43.1. Apxnrtextypa npeanoxenor mogeaa ANN

Crnemu¢uuHocT mnpobneMa, KapaKTepHCTHKe MOTpoLlada U HEKOXEPEeHTHOCT IofaTaka
3axTeBajy M crenHHuHO pelueme. [IpeaBuhame NoOTpolme eNeKTPHYHE €HEprHje HHje
jeIHOCTaBHO HM ca TeopHjcKe HMTH NpaKkTH4YHe cTpaHe. Tako je u MojenoBambe ANN Mojena
IPUIMYHO 3aXTEBHO U MOApa3yMeBa A0CTa €KCHEPTCKOT 3Hamba y 007acTH MalIMHCKOT Y4ebha,
ca jelHe CTpaHe, aly U MO3HABAE COLMjaTHHUX aclekaTa NoTpomada u GakTopa KojH yTuay
Ha ()eHOMEH MOTPOLILE eNeKTPHUIHE SHEepruje.

3a pemarame PoOIEMa KakaR je pe/Buhame MOTPOIIhe eNeKTPHYHE eHEPTHje HHje TOBOJhHA
ynorpeba MOTIYHO NMOBE3aHUX IYCTHX CJOjeBa HacJIaraHUX H3Mel)y ymasHOT H H31a3HOT cloja
ANN Mmonena. Pannje, y nornassmy 2.10.1 omucana je mpupoga WNL cnoja koju kao TakaB He
cToju cam Beh ce Hajuenrhe mpumaja y3 KOHBOMYIHjCKH CII0j, Y TIPEJIOKEHOM Mojieny Ouhe
KoMOWHOBAH ca rycTHM criojeM. ¥3 ceakn WNL cnoj mpunojen je u LNL cnoj a rpy6u npukas
apXHTEKTYype MpeI0KEeHOT Mofiena 1aT je Ha cnefehoj ciniy (Cnuka 4-22).

ynasHu croj CKPUBEHU CNnojeBun n3nasHu cnoj
(WNL, LNL)

Ciuga 4-22: ['pyOu npukas apxXuTeKType HpeIokeHoT MoJIena
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Axmusayuona ¢ynxuuja

AxTuBanMoHa QyHKIHja KopuinheHa 3a yna3HH H CBe CKpuUBeHe clojeBe je RellU, nok ce Ha
H3JIa3HOM CJI0jy IpHMeYje muHeapHa (ynknuja. TectupameM je yrpheHo na ce ynotpebom
ReLU axtuBalnuje HeypoHa y cjlojeBHMa nocTioke Beha Opsuna y oOpauyHy Hero ca, Ha
IpHUMep, CHTMOHMIHOM UITH TAHT€HCHOM (DYHKLIMjOM aKTHBalHje. Y cnemHocTH ReLU (yHkuuje
JONPHHOCH HEHA jeHOCTABHOCT INTO Ja/beé YTHUE Ha IeHy CrocoOHOCT y M3beraBamby
npobieMa HecTajyher rpanujeHTa (0BO je AeTa/bHHje ONMMCAHO y nornasspy 2.10.2).

Pezynapusauuja

ApxuTekTypa npeanoxkenor Mogena ANN je Tpocnojua (ynasHu, H3Na3HH CII0j, a YHYTap BUX
CKpHBeHH cliojeBd). Kako Ou mpennoskenu umao ao0pe nepdopMaHce He caMO HA TPEHUHT
ckyny Beh W 3a Hemo3HaTe, HORe ynasze kopumhena je KOMOMHAIMja IBA TUTIA peTyIapu3alyje,
no3zHaTHja kao L/2 perynapusanuja (on#cana panuje y nornasipy 2.10.6).

Onmumuszayuona ynxuyuja u cmona yuerba

3a onTHMH3AIMOHY (PYHKLH]Y Y TIPEAJTOKEHOM MOJCTY KopHuitheH je ontumusatop Adadelta
noceObHO 300T mWerose crmocoOHocTH fga yOnmaxkn arpecHBHy, omagajyhy cromy ydema.
Pas3BujeHr Mojen NpeicTaB/beH y OBOj AUCEPTAIUjH, MONA3H O BUCOKHX BPEJHOCTH CTOIE
ydclha aKkTHBalMOHC (PyHKIHje, KOja je aJanTHBHAa TOKOM Tpajama o0yke (Cmuka 4-23).
Kputepnjym 3a agantanujy (yMameme) CToIe ydema y MPeaIoKeHOM MOJENY je MOCTaBbeH y
oJHOCY Ha Opoj ernoxa U Moke ce MPeICTABUTH H3pa3oM (35):

(=k*epoch)

cmona yuerva = nouemHa cmona yuera * e , (35)

rae je: k 3aJaTi Koe(hHIIHjeHT onaama cToIe y4ema Kpo3 ernoxe, ca BpeaHomhy on 0 1o 1, a
epoch Opoj enoxe, MUKITyca.

0.8
0.6 - \
0.4

0.2 4

0.0 4 h _—

0 50 100 150 200 250 300 350

Cimka 4-23: [IpoMeHa CTOME yYera TOKOM ernoxa
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Cepuja (Munu-cepuja) kao napamemap moodena

Benuunna MuHu-cepuje je jedaH oA BaKHHjUX XHUIeprapaMeTapa MoAela M HErOBUM
HPaBUITHIM MOCTABIBAKEM NPOLIEC 00YKe ce MOXKEe 3HATHO yOP3aTH amM M HAPYIIHTH YKOIIHKO
ce 3a7ajy BpeIHOCTH NPEBHUILE HHCKE MM BHCOKE 3a JaTH oOMM nofaTtaka. 3a motpebe oBe
JucepTaudje MMajyhu y BUAy BeHKH TPEHHUHT y30pak, kopuinhen je pacnon og 32 go 512 3a
BeMUMHy cepuje. Ekcnepumentannom MeTogoMm yTBpheHo je ma HajOose pesynTare
(onTHMaTHO BpeMe y3 MHHMMAJIHY TPEIIKY) Jaje Iocnemba, Hajeeha Benuuuna cepuje.

Kako ce y mpennoxeHoM MOJENy CTONA y4YeHa KOPHIYje TOKOM €loXa paHHje MOMEHYTOM
METOJO0M, CTOTa HHje noTpedHO ycKnahHBaTH BeNHUHHE CTONE YUeHha Yy OJHOCY Ha PazIHuuTe
BEJIMYMHE MUHH-CEPHjE, IITO BAXKH M 33 OCTAIEC XHIIEPIapaMeTPe MOJENA.

43.2. YTHunajagantanMje cKyna M NpHCycTBa cJI0jeBa ¢a HOPMAIH3AIHjoM TeKHHA H
cJI0jeBa ca HOPMAJIM3AIHj OM AKTHBAIHjA CJ10ja HA MPEIH3HOCT NpeIHKINje
NOTpOLI-e eIeKTPHUHe eHepTHje

Panuje (y mormormasiby 4.1) je mpukazaHa cTPyKTypa oOellexja y HHUIHMjATHOM CKYIY
nojiaTaka KojH, Kao TakBW, He 00e30elyjy MoBobHO WH(OpMaIHja MOJEny 3a MPErH3HO
npeaBuljame NOTPOLILe eNEKTPHYHE eHepTHje. AfanTalyjoM cKyna Koja je mokasaHa Y HCTOM
nornassby JoOHja ce CKyn oDOenekja Koju caap:ke HHPOpMalHje Kako 0 NOTpolIady Tako U O
aMOMjeHTY y KOMe ce MOTpolIay Halas .

[IpunukoM u3page MoJeNa MpeMa apXUTEKTYPH MPeNIOKEHO] Y IPETXOAHOM MOTIOINABILY
(4.3.1) Hajpe je moTpeOHO MCHHTATH CTENEH YTHIAja CBAKOT TMOjeHHAYHOT oOenexja Ha
NOTPOIILY enekTpuune enepruje. Takohe, Tpeba ucnuTaTh yTHIA) TapaMeTapa Mojena (momyT
Opoja HeypoHa y CKPHBEHOM CJI0jY) Ha TAYHOCT IPEIHKIH|€ TOTPOILILE eIeKTPHIHE eHeprHje.
Y TOM cMHCTy, 3Ha4ajHO j& TIOHOBO OJMEPUTH BaKHOCT CBaKkor obelekja y cKyIy nojaTaka.
Cnuka 4-24 mokasyje ckally yTHIaja CBaKoT TMOjeJMHAYHOT obenexkja Ha TapreT obenexje.
IIpema panuje npukasaHOM MOCTYIIKY ajfanTaluje cKyna cBa obenexja ce MOry CBPCTaTH y [BE
BEJIHKE TpyTe:

e oO0eJexja NPUCYTHA ¥ HHUIHjATHOM CKYTy H
e JojaatHa o0enexja.

Jonarna obeneskja cy oHa Koja cy y IperpolecHHr (a3u ykbydeHa y CKyIl Ha jefaH of ABa
ciejeha HaunHa:

¢ INPHKYIJbCHA U3 JOJATHHX, CIIOJBHUX M3BOpaA H
e o0enexja foOHjeHa mpopauyHHMa Ha OCHOBY JpYTHX obemnexja.

JacHo je ma m y amanTHpaHOM CKyIy IojaTaka, HeMajy c¢Ba obenerja jeqHaK yTHIaj Ha TapreT
obeneskje Ma To IoOMaske y JaJ/beM TOKY MCTPaKHBamba.
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Paznuka y norpous y oanocy ua maxc. I
Pasnuka y noTPOLIELN Y 0IHOCY Ha w0 I
Tpoceuna noTpoinmba noTpora-: M
30Ha NOTPOILE Y NPETXOAHOM Mecery
30Ha MOTPOLL >
HMoTpoursa npe 3 Mecena
MoTpomsa npe 2 meceiia |
[Morpowsa v nperxoqHoM Mecey |
Tpena norpoise norpoiaya
Huankarop aHoManuje scores I
lonmimse noda
Jlete/3uMCKO pauyHaike BpeMeHa |
Bpoj nana npasuuka §
Bpoj nana eukenna |
Bpoj paauux nada |
IMpoceuno tpajamwe obganuue y caruma [l
Bpoj cyHuanux cath y Meceny
Ipoceuno Tpajame (Gpoj) cyHuannx caTn .
Bpoj oOnaunmx Jana
Bpoj peapux nana @
Hajuizka Mecedna TeMneparypa
Hajeuima Mecedna Temneparypa s
Bpoj nana y meceiy ca najasuama
Manapune y mm
BnaxuocT paznyxa y %o
[lpoceuna Meceuna TeMneparypa s
O0payyHcKH nepuo/
[NoTpowauka rpyna §
30Ha Y KOJO] HHBH |
Kareropuja norpoiaa |
O3xaka noTpolaya

I | |
0.0 0.2 0.4 0.6 0.8

obenexja nobujeHa
npopayyHuma

fAopatHa obenexja

CNOSLHUX W3BOpa

obenexja NpUKynLeHn na

obenexja u3
MHMUMjanHor ceTa

Cnuxa 4-24: BaskHoct oelnekja 3a NpeIHKIUU|y MOTPOLIBE eJIEKTPHYHE EHEPIHje

Cnuxa 4-24 noxasyje na obenexja kxoja MOTHYY W3 HHUITHjATHOT cKyna (MOTMYT NMOTpoIiadKe
30He, rpyne W KaTeropHje NoTpoliaya) HMajy HajMame YTHIAja Ha TOTPOLILY. 3Ha4dajal ajlH
He HajBehm yTunaj umajy obenexkja MpHUKYIUbeHa M3 CIIO/BHHMX M3BOpa (YIJIaBHOM 00emeiKja
KOja OMHCY]y METEOpOJIOIIKE YCIOBE U BPEMEHCKE MPUIHKE), 0K Tpyna odenexja 1o0HjeHa
npopadyHHMa UMa HajBehu yTunaj Ha BUCHHY NOTPOIILE ENEKTPHYHE EHEprije.

Kako 0u ce yTBpanO yTHIaj CKPHBEHHX CIIOj€Ba ca HOpMaJM3alMjoM TEKHHA y HacTaBKy he
outy nopehenn pesynraru 106ujenn nomohy 1Ba MoJena: IPBY je 3aCHOBAH Ha CI0jeBUMa ca
HOPMAJH3AI[HjOM TeXHHA y TYCTHM CIIOjeBHMa H CIOjeBHMa ca HOPMAITH3AI[HjOM aKTHBalHje
(WNL u LNL cnojesun onucann y nornasspy 2.10.1), a apyru caapsu MCK/bY4YMBO 00H4HE
rycte cnojeee. Takohe, Ouhe McrMTaH yTHIIaj MPUCYCTBA O3HAKE TMOTPOIIadya Kao jeJHOT Of
obenesxja - ynasHUX mapameTapa, jep cy seh NpBH pe3yiTaTH HCITUTHBAka BaKHOCTH obenexja
y uHuHjanHoM ckyny (Cnuka 4-5), a moroM u HakoH aganrammje (Cnuka 4-24) yxasanu Ha
IeH BEIIHKH 3Ha4aj.

[TocTymak HCIIHTHBAKA YTHI@ja clojeBa OH ce MOrao NMPEACTABHTH JHjarpaMOM JaTHM Ha
cneachoj cimuu (Cnuka 4-25).
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Cimka 4-25: JlujarpaM ToKa IpejiokeHe MeTo I0JI0TH]e HCIHTHBAaka yTruuaja WNL ckpuBeHux
cnojera [144]

IIpuMeTHO je 1a ce HeMoKyHaH npolec oedja (ha3Ho JOK ce Kpo3 HEKOJIHKO YCIOBHHX IpaHa
Oupajy onrosapajyhu moctymnm [144].

1. Hajnpe ce y npenpouecunr ¢asu aeduuuy ynazsne Bapyjadne u yKiamajy ayTiajepH,

a 3aTUM ce NPUCTyMa KoAMpamy IoJaTaka Io jeTHOM o ABa npensubhena cuenapuja’:

e creHapHo l:3a KogHpame CBHX KaTETOPHjCKHX o0eexkja ce KOPHCTH KOTHPame o
HPHHINIY CPebHUX BPEIHOCTH TapreT Bapujabie;

e creHapHo 2: 3a cBa KaTeropujcka obenexja ce KOpHCTH OMHApHO Koaupame (One-
Hot Encoding), u3y3eB 3a o0enexje Koje IpencTaB/ba 03HAKY MoTpomada. 300r
NpeBENHKOT Opoja pasiIHYUTHX KaTeropdja 3a o0cnckje O3HAaKa MOTpomada ce
KOPHCTH KOJHpame U3 IIPBOr CLEHapHja.

2. Haxon komupama cnequ (haza ckanmpama Mmojaraka, a moToM ce nojany npocielyjy y
jenan of1 IRa (THMa) MoJena:

e THn | je cauMmbeH M3 Ba, Y OCHOBH TyCTa CKPHBCHA Clloja ca HOPMAJH3alHjoM
TexxuHa (WNL croja) kojuma cleam M NpPeTXOAM TO jedaH ClI0j KOjH BpIIN
HOpMau3alMjy akTuBaluja nperxoaHor cinoja (LNL cnoj);

8 [MocTynak je getabHuje ofjammben y nomassy 4.1
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4.

e Tun 2 ymecto nsa WNL caapxu aBa obn4Ha rycta cioja.

CBaku 0] TUTIOBA MOJIENA je TECTHpaH Ha MpeKaMa ca pasIHIUTUM OpojeM HeypoHa Y
CKPHBEHHM CIIOjeBUMa y pacnony ox 15 mo 85.

EBanyanuja monena, koja cieau HakoH (ase TPEHHHTA je jeTUHCTBEHA y 00a ciyd4aja,
M BpIIK ce Kpo3 ncte merpuke: RMSE, RMSE (%), MAPE u R%. V oBoj ¢asu ce
WCIINTYj€ YTHIAj TPHCYCTBa CJIOjeBa ca HOpPMAIM3alMjoM TEKMHA M ClojeBa ca
HOpMaJTH3alHjoM aKTHUBalllja cJoja Ha MPEeNU3HOCT TpeAHKLHje IOTPOILILE
eNIeKTpHYHE eHepTHje.

PesynTatn eBanyauunje cy gatu y Tabemnu 2.

Apxutextypa Mofena tuna | gata je na cneaehoj cnunu (Cruka 4-26).
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Crnuka 4-26: ApxuTtekTypa npeanoxkeHor mojena (tum 1) [144]
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Tabena 2: PezynraTu 100HjeHH pa3IMuUTHM cleHapujuMa U Tuioeuma ANN

ANN mopen Tin: cuenapuo 1+ run 1 cuenapuo 1+ 1un 2 | coenapuo 2+ tam 1| cuenapuo 2 + tin 2
O3Haka noTpolada Kao + ) + ) " ) + )
YIATHH [apaMeTap: —

Moxenca |RMSE (kWh): | 2935 3026 30,97 32,64 251 30,008 26,08 30,93
85wueypona | RMSE (%) | 7.2 724 74 781 6,00 7.18 6,19 740
Y CBAKOM
Ckpusenom | MAPE (%) | 5,15 534 540 ) 4,11 528 4.19 535
choyy R:| 979% | 978% | 976% | 974% | 985% | 979% | 983% | 97.0%
Mogen ca |RMSE (kWh): | 3122 30,39 30,99 33,18 25,14 30,06 264 30,73
65 ueypona | RMSE (%) | 747 727 741 794 601 7.19 631 735
Y CBAKOM
Ckpupenom | MAPE (%) | 549 538 547 595 412 532 438 548
cnoyy R:| 976% | 977% | 977% @ 973% | 985% | 978% | 983% | 97.7%
) RMSE (kWh): | 30,76 3121 3147 322 2578 30,13 | 26,775 3144
Mojen ca
35ueypona | RMSE (%) | 7.6 746 753 770 617 721 640 752
Y CBAKOM
ckpupenom | MAPE (%) | 538 554 554 574 425 534 442 567
choyy RL| 977% | 976% | 976% @ 975% | 984% | 978% | 983% | 97.6%
Mogen ca |RMSE (kWh): | 32,67 3379 34,19 3489 2755 31.68 27.86 3414
I5neypona | RMSE (%) | 781 8.08 8,18 834 6.66 758 6,66 8.26
Y CBAKOM
ckpupenom | MAPE (%): 57 6,02 6.16 631 4588 57 4,62 6,17
clojy R:| 974% | 982% | 97.1% | 970% | 98.1% | 975% | 98.1% | 97.2%

M3 pesynTara mpukazaHMX y TpeTxonHoj Tabend jacHo je na HajOboske pesynTare faje
npeanoxenn Mogen ca WNL u LNL crnojeBuMa 1 To kaja ce Kao jean o1 yla3HHX napameTapa
KOPHCTH O3HaKa IOTpolllada KOAHMpaHa NOMONWY cpedmHMX BpPEeIHOCTH, AOK CYy oOcTaiue
KaTeTOpHjCcKe MPOMEHBUBE Koaupane nomohy One-Hot Encoding (cuenapuo 2 + tun 1, ca
03HAKOM IIOTpolIaya, oceHueHa KonoHa y Tabemn 2).

Ilopeaehu pesynrate gate y mpeTXoaHO] TabenH ca MOYETHUM pe3ynTaTUMa Koje Jajy ApYyrH
MOJIEeNH MalHeKor yuema (Tabena 1), jacHo je ma amanTanmja cKyma A0IaTHAM 00elexjuma
npyxa JoBosbHO HHpopmanuja ANN momeny Koju je y cTamy jAa NPEABHIH MeceduHe
HOTPOLILE eleKkTpHuHe eHepruje. OBo yjenno norsphyje tpehy u yerBpTy nocebny xunoresy
JUcepTallje o KojuMa ce Moxke opMHupaTH oarosapajyhu ckyn napametapa ANN mopaena,
ca jelHe cTpaHe W oaroBapajyhu ckyn obenexxja, ca apyre cTpaHe, koju he omoryhutn
npeABuljame MECeUHHX MOTPOLIBH elNeKTPHYHE eHEprHje Ha jeJHOM NIMpeM MOApYyYjy ca
HOTpOIIAYNMa pa3yheHHX KapaKTepHCTHKA.

¥V npunor ToMme, TOBOpe B Mepe eBayaluje aate Ha ciaeachoj cmmnu (Cnuka 4-27). Kanurer
MOJena M HheroBa YCIEIHOCT Yy TOKY TPEHHHT Ipolieca JaTe Cy TpaduimMa KopeHa Cpembe
KBaJpaTHe Tpellike U cpelibe NPOocedHe ancolyTHe Ipellke 3a HajycHelHuju ciy4daj (ca 85
Heypona). Kao jenna ox najsHavyajHHjux Mepa 3a yTBphUBaibe CTeNeHa KBAJIHTETa TPEHYTHOT
ckyna o0elexja M HUXOBE CIOCOOHOCTH 3a MPABHJIHO ONHCHBaEkE 3aBHCHe BapHjadie
(ycnemrHocT npensuljama NOTPOIIbE) JaT je AujarpaM KoedHIMjeHTa AeTepMHHALKjE 4Hja
BpeHOCT 0 98.5% TOBOPH O BEIHKO] NPELH3HOCTH.
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r2 = 98.502 %

100 A
|
501 |
o1
a
(a) o]
=100 A
—— r2 score Train
—150 1 —— r2 score Val
o 20 40 60 80
Epoch
RMSE = 25.136
—— RMSE Train Error
300 4 —— AMSE Val Error
250
200
( ) 150 4
100 4
50 4
(1] 20 60 80
Epoch
MAPE(%) = 4.107 %
s0 —— MAPE Train Error
MAPE Val Error
40 4
30 1
(8)
|
204 |

10 4

20

Epoch

60 80

Cnuka 4-27: KoeduuujeHrt getepMuHaiyje (a), KOpeH cpeame KBaaparHe rpemke (0) 1 cpeima
NpoceyHa ancoiyTHA TPelika (B) 3a cueHapuo 2 + Mojen tuna | (Mogen ca 85 HeypoHa)

IlpeTxoaHa CIHKA HEABOCMHCICHO NMOKAa3yjc KOH3HCTCHTHOCT MOJICNa KaKo Ha TPCHHHT (IIaBa
JIMHHja) TAKO W HA TeCT CKyNy MojaTaka (HapaHyacta nuuuja). [IpumeTHa je jacHa Texma
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Mojena y npHONmKaBamy X OCH Ha CBAKOM JAHjarpamy nokasyjyhu ma ce taprer Bapujabma
MO:K€E Y TOTOBO 99% ciydajeBa onucaTi HoMohy JaTor cKyma obenexja, IpH 4eMy je IpocedHa
arncolyTHa rpelmka mama oJ 5%, ogHocHO oko 25 kWh, mTo y ckyny ca pa3sHOBPCHHM
HOTPOIIAYHMAa MOPa OLIEHUTH Kao HHUCKA TPelIKa.

Kako na npsu nornen (Cnuxa 4-25) mpexa thna 1| (ca WNL u LNL cojeBuma) uma BuIIe
cJiojeBa Of1 MPEKe THIA 2, TO HABOJHW HA 3aKJbYYaK J1a je ¥ Opoj HeypoHa Y MpeH HeYTIOPEeIHB,
a caMUM THM M pe3ynTaTH OBe JBe Mpeke. Mako GH ce MOII0 HACHyTHTH A4 IYIJO BHIIE
CKPHBEHHX CIIOj€Ba Y MPEXKH THIA | 3HAa4M M AYIJIO BHILE apaMeTapa KOjH ce TPEHHPajy anu
u f0ocTa 00JbE IIaHCe 3a IOBOJBAH HCXO, 300T MPHUPO/IE CKPUBEHHX CJIOjEBA, TO Y OBOM CIIyHajy
HHj€ TaKo.

Cnuka 4-28 unyctpyjyhu apxurekTypy ANN 00a Tuna mokasyje u Opoj HeypoHa Ha yasy U
mnasy u3 cakor cnoja. [Ipumetno je na je kox LNL ckpusenux cnojesa 6poj HeypoHa Ha
yiaszy M H3nasy ucTd. Paznor 3a To je mTo oBaj ci10j 3anpaBo He CaaApiKH HeypoHe Koju he OuTH
TpeHHupaHH Beh KOpHCTH HEypoHe M3 NPETXOJHOT cloja kako OH HX HOPMaIM30Ba0
IpOCIENHO0 HapeJHOM CIOjy.

ULAZNI SLOT | mput:

[(None, 96)] | [(None, 96)]

l

InputLayer output:

i ULAZNI SLOT | mput:
LNL_1 ik
— i (None, 96) | (None, 96) [(Moune, 96)] | [(MNone, 96)]
LayerNormalization | oufput: InputLayer output:
Y y
weight_nornmalizabon_10(WNL_1) | mpuk: 3 GUSTI SLOT 1 input:
(None, 56) | (None, 85) = = | (None, 96) | (None, 85)

WeightNormalization{Dense) output: Dense output:

Y
weight normalization 11(WNL_2) | mput:

(None, 85) | (None, 85) GUSTI_SLOJ 2 | mput:

WeightNormalization(Dense) output: (None, 85) | (None, 85)
Dense output:
Y
LNL_2 nput o 8 | v &)
one, 83 one, §3 "
o P : IZLAZNI | mput:
LayerNormalization | output: (None. 85) | (Noue, 1)

Denge output:

9
weight nommalization 12(IZLAZ) | mput:
WeightNormalization(Dense) outpui:

(None, 85) | (None, 1)

a) 0)

Cnuka 4-28: [Tporpamcka mrammna (mema) apxurektype ANN tuna 1 (a) utuna 2 (0) - (ciyuaj ca 85
HEYPOHa Y CKPMBEHHM CIIOjERUMA)

3a yeua y Opoj mapaMerapa y ciydajy obe Mpeike, JaTa je mporpaMcka luramma Opoja
rapameTapa 3a CBaku ojl ciojeBa y Mpexama (Cimika 4-29).
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Layer (type) Output Shape Param #
ULAZNI 5L0D (InputLayer) [(none, 96)] 2]
LNL_1 {LayerMormalization) (None, 96) 192
weight_normalization_1@ (We (Mone, 85) 16576
ighthormalization) Layer (type) output Shape Param #
weight_normalization_11 (We (None, 85) 14786 ULAZNI SLOJ (InputLayer) [(None, 96)] @
ightNormalization)

GUSTI_SLOJ_1 (Dense) (Mone, 85) 8245
LNL_2 (LayerNormalization) (Mone, 85) 178

GUSTI_SLOJ_2 (Dense) {Mone, 85) 731
weight_normalization_12 (We (None, 1) 174
ightNormalization) IZLAZNI (Dense) (MNone, 1) 86
Total params: 31,818 Total params: 15,641
Trainable params: 16,174 Trainable params: 15,541
Mon-trainable params: 15,644 Mon-trainable params: @

a) 6)

Cmmka 4-29: [IporpamMcka mramna napamerapa ANN mozena tuna 1 (a) u mojena tuna 2 (6) - (cay4aj
ca 85 HeypoHa ¥ CKPHBEHHM CIIOj€BHMA)

[Tpumehyje ce ga Opoj “frainable” mapameTapa (mapamerapa KOjH ce TPEHHpa) Y MpPEkH ca
WNL u LNL cnojeBuma (Cnuka 4-29 - a) nuje ouekuBano sehu ox Opoja mapamerapa y oHOj
ca oOnuHuM rycTuMm ciojeBuMa (Cruka 4-29 - §). Hako mporpaMcka mrrammna mapamerapa
Mofena Tokasyje u Opoj mapameTapa KOjH ce TpeHHpajy W Opoj OHMX KOjH HE IIOJUIEKY
TpCHUpamy, cyMapHH npuka3 Mpexke ca WNL u LNL cnojeBuMa He faje y HOTIyHOCTH TauyaH
opoj neypona. [Ipo3Bana mpoleaypa 3a IITaMIy napaMeTapa padyHa W mapamerpe u3 LNL
cioja kao “frainable” waxko TeopHwjckM oBaj cioj Hema mapaMeTtpe 3a o0yky [57]. Kako
npukasanu 6poj Heypona y LNL cnojeBuMa npefcTaBiba HeypoHe NIpeHeceHe U3 MPeTXOTHOT
cioja, ucte He On Tpebano padyyHaTH y HEYPOHE KOjH CC TPCHHUPA]y.

[Topen Gpoja HeypoHa H HAUMHA KOQHpaka, 3AHHMJLHBO j€ IocMaTpaTH Opoj HHKITyca (enoxa)
noTpeOHUX 3a TPEHUpakE Mperka Koje ¢y Jane pesynraTe npukasane y Tabenn 2. Couka 4-30
nokasyje aa 0poj enoxa notpedaH 3a o0yuaBame Mojiena Bapupa o 14 1o 150. 3aHUMIBHBO je
Ja Mofien OpiKe y4H Kaja je MpUMemneHo KoAHpame KaTeropHjcKuX obenexja IpeKo cpeambux
BpPEeIHOCTH y ogHocy Ha One-Hot xonupame (Cnuka 4-30, nera nonoeuna cnuke). [lopenehn
ca pe3ylTaTHMa METpHKa cBainyalmje moacna (u3 Tabene 2), cuenapuo 2 (Cnuxka 4-30, necHa
TIOJIOBHHA CIIHKE), HaKO CIOPHjH, Jaje Npelu3Huja npeasulama.

[Tocmarpajyhu mMozen ca najpehum Opojem HeypoHa y cBaKOM CKPHBEHOM CII0jy (Mojen ca 85
HeypOHa, 3elleHa 03HaKa Ha IPEeTXOHOj CIHIHM), IPUMETHO je Ja He MOCTOjH 3aKOHUTOCT Koja
ce Moxe Mpo3peTH Ha npBu Horied. OHo IWTO ce MOXe 3aK/bYYHTH jecTe Aa je y ciydajy
clueHapuja 2, Tj. y ciy4ajy Kaaa ce KaTeropHjcke NpoMeHJbHBe Koaupajy nomohy GHHapHHX
BPCAHOCTH, Y3 NPHCYTHO OOCICKje MOTpoOINada, MOACTY muna 2 MOTpcOHO 3HATHO BHIIC
LUKITyca (ernoxa) 10 NOCTH3amkha MUHAMYMa TPellike Hero MoAeNny Tuna | y3 ucre ycrnose (UCTH
NOCTYNaK Kogupama nojaTaka, HCTH Opoj HeypoHa y CKPHBEHOM CIOjy M MCTe BPEIHOCTH
XHMeprapamMeTapa...).
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MNpernea 6poja enoxa noTpebHUx 3a obyyasarse Mmoaena

164
® 15
144
® 134 L] 1{3131
124 128 .
® 114 19 115 *
104 e 103
o7+ 97 96
o 93 @ 22 M gg LT $
71 70 8 58 70 e .6 82
64 o 63
55 @ cq
a4 45 a4
37+
24 ® 4 -
g
® 14 15

1, cueHapuo 1 +Tun 2, cuenapuo 1 +Tun 2, JeUeHapho 2 + TN 1, CUEHAPHO 2 +THN 1, CUEHAPWO 2 + THN 2, CUBHAPHO 2 + TN 2,

AHAKOM

B3 oaHake

nary nNoTpOLWAYA noTp

n 134a 1aTpOLEHa

® Mogen ca 85 HeypoHa y CBaKOM Cnajy @ Mogen ca 65 HeYpOHa Y CBAHOM CAOjy ® Mogen ca 35 HeypoHa y CBaKoM ciojy

Mogen ca 15 HeypoHa y ceakom cnojy + Mpoceyau Bpoj enoxa

Cnuka 4-30: Bpoj enoxa 3a cBaku 0/1 CLIEHAPH]ja/MO/IEIa/ THITOBA KOAUPaka U Opoja HEypoOHa y MpPEKH
[144]

Kako 6u pesynraru 0unu jacuuju, Ha cnenehum cnmkama (Cnuxa 4-31 no Cnuxka 4-34, [144])
he Outn npukazana qucTpuOyLHja BpSIHOCTH 3a cpeamy anconyTHy rpewky (MAPE(%)), 3a
CBakH oA 4 paHHUje MoMeHyTa cay4aja. Kako Mofen ca 85 HeypoHa y CBAaKOM CKPHBEHOM CIIOjY
y KOoMOMHAIHMjH ca O3HAKOM TOTpolllaya Kao YHa3sHAM MapaMeTpoM Ipyxka Hajehy
IPeIU3HOCT, PHKa3aHe pacnoiele ce 0JHOCe YIPABO HA OBAj MOJIETN.

Cnenehe ne cnuke (Cmuka 4-31 u Cnmka 4-32) ce ogHoce Ha ciiy4aj Kaja cy KaTeropHjcka
obenexxja xogupana nomohy cpeame BpeqHOCTH TapreT Bapujabie (cueHapuo 1).

Cuenapuo 1 + mogen tmn 1

2. 1600 1 y
g — y+15.0%
% 1400 — y-15.0%
= 12004
1000 A
800 1
Mpewka y npegsuiamy:
600 - « >15%
- (14745; 4.44%)
<15%
200 A * (316829; 95,55%)

200 400 600 800 1000 1200 1400 1600
CreapHe BpegHoCTH

Cnuka 4-31: Pacnioiena npeukiiMja 0dHjeHa KOMOUHAITHJOM TIPBOT ClieHapHja ¥ MoJiea Tuma |
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CueHapwo 1 + mogen Tvn 2

% 1800 A y
%’ 16004 — y+15.0%
o —— y-15.0% /
E- 1400
1200 A
1000 4
800 A
Mpewka y npensniamwy:
600 4 e >15%
(16173; 4.87%)
400
<15%
200 4 * (315401, 95,12%)

200 400 600 800 1000 1200 1400 1600 1800

CreapHe BpegHOCTH

Cnuka 4-32: Pacnogena npeaukiuja 100HjeHa KOMOHHALIM]OM IPBOT CIIEHAPHja U MOJieJia THIia 2

Cnuka 4-31 nokazyje pacnofeny NpelHKoBaHHX BPEIHOCTH J0OHjeHy MOJIETIOM ca JBa 00M4Ha,
MOTIYHO TOBe3aHa, rycTa cioja aok ce Cnuka 4-32 onHocu Ha ANN monen ca WNL u LN
CKpPHBEHHMM cllojeruMa. Tauke (MpeauKiHje) Koje ce Hamaze u3mely nnare u npreHe TUHHje
npeacTaBibajy OHe 4Hja je rpeliika y paciHy of +15% (MAPE). Tauke koje ce nanase BaH OBHX
nuHHja (IpBeHo 000jeHe) MpeAcTaB/bajy MOTpOLIade 3a KOj€ jé MOJEN MOTPELIHO BHUILE Of
+15% 1ro 3a 06a moaena (Moaen Tin | U Momen Tum 2) 3Ha4M ga npexo 95% npeaHKoBaHHX
BPEJTHOCTH UMa Many Tpemiky, Mamy o 15%.

Hapenne nBe cnuke (Cnuka 4-33 u Cniuka 4-34) ce oJJHOCE Ha ClIeHApHO 2, OTHOCHO cITy4ajeBe
Kajia cy cBa KaTeropHjcka obenexja xoaupana momohy One-hot eHkonepa (OcHM O3Hake
HOTPOIIAYA KOja je KOAUpaHa IPeKo CPeAbUX BPEAHOCTH).

CueHapuo 2 + moaen Tun 1

i y
51600 A
g — y+15.0%
s
g 14004 —— ¥-15.0%
Q
1200 4
1000 A
800 -
Mpelwka y npeasuRarsy:
600 - e >15%
(7572; 2,28%)
400 A
<15%
200 * (324002; 97,72%)

200 400 600 800 1000 1200 1400 1600
CrBapHe BpegHoCcTH

Canuka 4-33: Pacnogena npequkiuja 100ujeHa KoMOHHAIIM]OM APYTOT CLeHApHja U Mojena tina 1
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CueHapwo 2 + mogen tvn 2

o y
=
317501 — y+15.0%
=
E —— y-15.0% o
£1500 o
./'/.
1250 i
1000 1

750 1 lpewka y npeasuhatby:
>15%

500 A (7604; 2,29%)
<15%

250 4

* (323970: 97,71%)

250 500 750 1000 1250 1500 1750

CreapHe BpeaHoCTy

Cnuka 4-34: Pacniogena npeukiuja 100HjeHa KOMOMHALHJOM JAPYTOr CLEHapHja H MOjena THna 2

Cnuka 4-33 noxkasyje jom ehy npenusnoct mojena | Hero y3 npumMeny ciieHapuja 1 gajyhu
TIOHOBO DNIary MpeaHocT MoJeNy ca CJOjeBUMa ca HopMalu3alujoM TeskiHa (Mojen Tuma 1),
Koju 3a cBera 2,28% noTpomaya rpeuy BaH okBHupa of +15%. [Ipeseneno y kWh, rpeika kojy
npasu mogen 1 wmsnocn =25 kWh, a cpeama ancollyrHa NpoLEHTyallHa I'PELIKa 3a CBE
noTpourade u3Hock =4,1%.

O063upoM Ja Ha TocMaTpaHOM MOJPYYjy MOCTOjH U3Y3eTHO XeTeporeHa CTpyKTypa noTponiaya,
a mehy mUMa U OHe ca moTpolImkaMa 01 4aK HekoJduko xwhaga kWh Ha mMeceuHom HHBOY,
rpenrka Mama o1 5% ce MoXe cMmaTpaTH 3a jako Many TPeliKy W moTephyje ycrnenmHocT
NpeAIoKeHOT MoAena (Moena THia 1).

Ko6x pasBoja Mozena Tuna 1 1 Moxnena Tuna 2 naté cy y Bugy npunora ([Ipumor 6 u [Ipunor
7).

433. Ilopeheme pesyarata ANN mogena ca apyram ML monennma

JocrurayTa npemmsHoct npeioxerHor ANN Mofena, npuka3aHa je y IPeTXOJHOM NOTNIABIbY.
Pagu ykasmBama Ha Ta4HOCT M TNOY3JaHOCT IpeUIOKEHOr Mojena, Omhe maTa ymopemHa
aHanM3a BpeIHOCTH MeTpHKa eBallyaluje koje oH omoryhyje HacmpaM BpefIHOCTH HCTHX
MEeTpHKa JOOMjeHHUX ca HEKOJIMKO Apyrux anroputama ML.

VY Tom cMmHcay, y HacTaBKy he, y3eBum y 003up npupoay npobiema U 00OMM nojaaTaka, OMTH
nopeheny pe3ynTaTi HeKONHKO paHHje OMMCAHUX aTropUTaMa:

JIUHEeapHa (MyITHBapHjaHTHA) peTpechja,
rpaaujent 6yct — XGBoost,

nuneapuu SVR,

Xybep perpecHoHn MofieN U

cTabna ofJTy4HBambAa.

LI SN R

Ilpy TecTHpamy cBakor of meT MoOpOjaHMX MOJAENA y3eTa je MCTa MojeNa CKyna Kao KO
npeanoxkeHor mojena sacHosanor Ha ANN y3umajyhu uctu ckyn obenexja. ¥ Tabenm 3,
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NpHKa3aHH Cy pe3ylTaTH MeTpHKa eBalyaldje JoOHMjeHH ToMohy HeKOIHKO Mojena
MALIHHCKOT y4emha.

Tabena 3: [opeheme pe3ynTata npesioKeHOT MOJIENIA ¢a pe3yaTaTHMa APYruX TexHuka ML

Mopgen RMSE (%) MAE (%) MAPE (%) AR? (%)
JIuneapHa perpecHja I 10 82 . 7.92 I 8.61 - 9526
I'pagujent 6yct (XGBoost) 7.93 5,64 594 9745
Jluneapun SVR 10 88 785 8,52 09521
Xybep perpecuja 10 89 7.87 8,54 9745
Crabna omnyke 1061 6.69 6,94 0544
[Mpemtoskenn mogen ANN 7.9 5.68 546 9625

Pasmatpajyhu pesynTare eBHIeHTHA je JOMHHAIHK]a MPELTOKEHOT MOJENA Y TOM KOHTEKCTY.
Cpenma npouentyanna rpemka (MAPE) ca Bpemmomthy 546% npencrasba 3nauajny
HpeJHOCT Y OJHOCY Ha JpyTre TeCTHPaHe MOJEIIe.

Haj6osse ce nokasao anroputam XGBoost ca BpeaHomhy ancoayTHe npocedHe NPOLEeHTyalTHe
rpelke Hajonuxe pesynTaTy IpeaaokeHor Mojena. Mnak oBaj Mojen 3aXTeBa 3HAaTHO BHIIE
padyHapCcKUX pecypca, ToceOHO y BHAY NPoLIecOPCKOT BpeMeHa Koje Moxke OuTH yBehaHo H o
HEeKOJIMKO TMyTa a HajBHINe 3aBHCH 0f oOMMa mojartaka. Takxole, He nmaje yBWA y mojeauHe
HapamMeTpe TOKOM 00padyHaBarba H IPHIPeMe MOJIelIa 33 TECTHPAIhe 11a Ce CAMHM THM He MO3Ke
YTBpANTH HETOBa JUPEKTHA YCIEUIHOCT Kao 1TO je To Moryhe 3a IpemioskeHl Mojel.

Kon passoja monena apyrux texuuka ML unju cy pesyntati npukasanu y Tabenu 3 gart je y
Buay npunora (Ilpuior 8).

44. lIpensuhame NoTpoLI:e eJeKTPHYHEe eHeprHje 3a oJpeheHy KaTeropujy
noTpomaya (kaacrtep): [Ipuctyn 11

Y3umajyhu y 003up cyme HNOTPOIILY €leKTpUYHE €Hepryje 3a cBe MOTPOoIlavde Ha [ULHOM
NoAIPYYjy vy MOcMaTpaHOM NepHoay (Kao WTo je mpukazaHo y nornasmby 4.2 - Cruka 4-17,
Cnuka 4-18 u Cnuxa 4-19) npumeTHa cy ogpeljeHa ociiHnoBama Ha Mece4HOM HHBOY. Hako Ha
IPBH MOTNIEN OBE pa3luKe He Jajy JOBOJGHO MaTepHjaia 3a 6uno kakas 3axbydak, ANN jey
CTamy Ja Mpeno3Ha U HajCHTHHje 3aKOHUTOCTH M HCKOPHUCTH HX 32 MpeLu3HHuje npeasulambe.
Tome y npunor roBopu u aujarpam (Cnuka 4-35) koju uinyctpyje notpouimke 10 HacyMHYHO
ogabpaHuxX NOTpoIIaua TOKOM IMOcMaTpaHor mepuoia. Llpeena minuja Ha BpXy HIyCTpyje
IpOMEHE MIPOCEIHNX TEMIIEpaTypa 3a CBaKu MOCMaTpaHH Mecell, PeCIeKTHBHO.
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Cnnxa 4-35: iycTpanunja Mece4yHe IOTPOLIEe TOKOM YeTHPH MocMaTpaHe rojguHe 3a 10 HacyMHYHO
0/1a0paHuX MOTpOIada y OJJHOCY Ha MPOCEUHE MECEUHE TEMIIEPAType y HCTOM NMEpHOIY
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CBH y30pKOBaHH MOTPOLIAYH cy AoMahHHCTBA H MPHNAajy IHPOKO] IoTpolnby. [TonosrHa
JomahMHCTBA je CMeIITeHa Yy Tpaay a JApyra MHONOBHHA Y HOpHUrpaackoj cpeaunHu. Ceu
NOTpOLIA4YM OCHM ToTpowavya: [IOTPOLIAY_2595 w  [IOTPOIIAY 10273 mnocenyjy
nsotapudno 6pojuno (Tadena 4).

Tabena 4: OcHOBHE KapaKTepHCTHKE TIOTPoILIada 9Hje Cy MOTPOIIE HIyCTpoBaHe Ha cieaeho) ciuum
(Cnuka 4-35)

[OTPONAMA  MOTPOAUA mompomae ey BPCTA BPOIIA
[TOTPOILIAY 735 HomahunctBo [Mpurpajcka 3oHa Heorapuduo 6pojuno
[TOTPOILIAY 990 JomahunctBo ['pancka 30Ha Jeorapuduo 6pojuno
[TOTPOILAY 2595 Jomahunctso [Mpurpazcka 30Ha Jexnotapudiao 6pojuio
[TOTPOILAY 9914 Homahuncteo [Ipurpaacka zona Hrorapuduo opojuno
[MTOTPOILIAY 9988 HomahuHcTBO ['pancka 30Ha Heoraputuo 6pojuno

[MOTPOLIAY 20205 HomahuHcTBO ['pancka 30Ha Jroraputuo 6pojuno
[MOTPOLIAY 21473 Homahuncrso ['paacka 30Ha Heorapuduo Opojuino
[TOTPOILIAY 1004 Homahuncreo ['pancka 30Ha Heorapuduo 6pojurno
[MOTPOLIAY 10041 Homahuncreo [purpascka 3oHa Heorapuduo 6pojuino
[MOTPOLIAY 10273 Homahuncrso [purpascka 3oua Jegnortapuduo dpojuno

[Tojauane BepTHKalHe NMHHje Ha MPEeTXOAHOM Aujarpamy (Cnuka 4-35) mpeacTaBibajy Kpaj
jenHe oJHOCHO MOYeTaK HapeJHe KaleHgapceke rogue. [Ipumerno je ga y 3MMcKHM MecelinMa
KOJ CBUX MOTpOIIaua JO0JA3H J0 MopacTa MoTpolmH. JInHKuja Temnepatype (LpBeHa THHH]ja)
OCETHO MpaTH IHHHje NOTPOIIKBM 3a BehMHY NOCMATpPaHMX MOTpomIada, alH OOPHYTO
NPONOPLHOHATHO: HAa MECTHMA T/I¢ ce IOTpolIha NoBehasa, TeMnepaType ce cMambyjy.

H3 npeTxoaHo HaBeAeHOT OM ce MOTIIO 3aK/bYYHTH Ja BPeMEHCKE IPHINKE 3HaTHO YTHYY Ha
MECEYHE NOTPOILULE EIEKTPUYHE eHepruje, nocedHo oHUX y fomahuncrBuMa. Takolhe, moxke
ce MpPeTIOCTAaBUTH Ja MOTPOLIA4H Ha TePUTOPHjU rpaja Yikuna y Behoj Mepu enexTpuuHy
€Heprujy KOpHCTE 3a Tpejame HEero 3a Xilaljeme cCBOr JKHBOTHOT IpocTopa, o03HMpoM na
HOTPOLLILE PACTY Y 3HMCKHM Meceruma. CTora, vMa cMHCJIa BPIIHTH IPEIHKLH|Y TOTPOIILE
Y OJHOCY Ha pa3sNIMYUTE BPEMEHCKE NMEpHOIE (EPHOJ O Mecell JaHa, jeJHOr FOAUIILET 100a,
KaJlleHJapcKe TOUHE, UTH).

Y wnactaBky he OuMTH mnpuka3zaHa apxuTeKTypa (OpMHpaHOT, YHHBEp3alHOT MoOJena,
(npeactaBibeHor y [54]). Mogen je dopmupan ca 1uibeM npeaBHama NOTPOIILH e1eKTPHIHE
eHeprHje 3a pa3HOBPCHE MOTpoLIade, 3a OMI0 KOjH UUBAHE MeCel] y KalneHaapckoj roqunn. W
0Baj MOJEI je 3aCHOBAH Ha HOPMaTH3ALMjH TCKHHA YIa3HHX MapaMeTapa y CBakH I'YCTH CTIOj.
Ha cnenehe aBe cnuke gaTa je rpyfa CTpyKTypa TOKa aKTHMBHOCTH LENOKYIHOT Ipoleca
npecTaB/beHor y oBoM nornassby (Cimika 4-36) u apxurekTypa npeajioxkeHor moaena (Cnnka
4-37) a npema MeTOONIOTHjH nipeacTaBbeno] y 3.3.1, Cnuxa 3-3.
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Cnuka 4-36: JlujarpaM Toka aKTHBHOCTH y M3PaJd U OLIEHH MoJena 1o azama (mpeMa MeTo0JI0TH]’
npezacrasbeno) y 3.3.1, Cmka 3-3) [54]
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Cnuka 4-37: Mnyctpauuja apxutektype npeanoxkenor mojgena 5 (daza 03, Comka 4-36)
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VY npBoM Kopaky ce BpIIH CeNeKIHja yaasHuxX noaartaka (¢paza 01, Cnuka 4-36). Pannje (kpo3
nornasbe 4.2) cy npHkasaHe ocoOMHe M CTPYKTypa MOTpoOllada Ha MPOCTOPY Tpaga Yikuua
caipKaHUX Yy ceTy nopgaTaka. [Io ToM ocHOBYy, MMa cmucia (opMHpaTH BHIIE KiacTepa
rpymuinyhu moTpomrade Mo HEKOTHKO KPHUTEpHjyMa. Y TOM CMHCIY H3]Bajajy ce 4YeTHPH
OCHOBA 32 KJIacTepoBame, HIycTpoBaHa Ha cienehoj crmu (Cnuka 4-38).

Ilpsu mun (mun I) — knactepoBame npema Mecelly Y TOAUHH (ABaHaecT knacTepa). CBaku
KIacTep CaipKe IIOAaTKe O MOTPOLIKkAMa M3 caMo jeaHor Mecena (3a cse mnocrtojehe
HOTPOLIAYE, 33 YSTHPH [IOCMATPAHE TOIHHE).

Hpyeu mun (mun 1) — knacTepoBame npema roguuiseM 100y (dernpu xnactepa). Caku o
4eTHPH KJIAacTepa CaJpku MOoJaTKe U3 TPH Mecelia Koja Ipunajajy oarosapajylieM roguimnsem
100y (Kao 1ITO je OMUcaHO paHHje Y MOTNaBby 4.1).

Tpehu mun (mun IlI) — kKnacTepoBalme npema KaTeropuju norpomada. Ilpema osom
KIacTepoBamby [MOCToje [Ba KilacTepa Koja mnpaBe pasnuky usmel)y mnoTpomrasa vy
JomahMHCTBMMA M OHUM BaH JoMahHHCTaBa.

Yemepmu mun (mun V) — KnactepoBame Ha OCHOBY 30HE Y K0jOj noTpomad uBH. M y oBom
THITy KJIacTepoBamba paslIuKyjy ce ABa KiacTepa Koja [eie NoTpoliade Ha OHe KOjH ce Hajase
Ha TEPUTOPHjH TPajia U OHUX Y MPHTPAICKUM HACE/bHMA.

MpsBy TMN

,El,pyr'u T™N Tpehu Tun

Hoeembap
9.17% »

7

/' Jecen
okrobap ! 2651%
5.24%

He-gomahuHcTea

4.32%
YeTspT TMN
Centembap
8.95% [papcka 3oHa
70.52%

Crnuka 4-38: Pacniojiena nmorpoinaya 3aBUCHO OJ] TUTA KIacTepoBama [54]

CxoaHo IpHKa3aHHM THIIOBUMA KIIacTepoBama, Ha CBaKM 0 KaacTepa (hopmupaHa je 3acebHa
Mpexa, OpH HYeMy Ce Y CBAKOM CIIy4ajy KOMMapaTHBHO NPHMEmbyjy ABa Moaena (Mojen A u
momen b - ¢asza 03, Cnuka 4-36). Pann yTBphuBama eukacHOCTH Mojena y KiacTepaMma
napanenHo he 6uhe gati u pesynraru 1o0HjecHH HaX 6a3HUM CKYTIOM.
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3a gopmupame Mofena HCKOpUIIheHa Cy ca3Hama CTEUEHA HCTPAKHBAKEM MPHUKA3AHOM Y
npeTxoaHoM nornasiby (4.3.2). IlosutuBan ytuuaj xoju cy WNL u LNL ckpusenn crnojeBn
NOKa3alu U paHHje, HcKopUInheH je M 3a apxXUTEeKTypy OBOT MoJeNa y3 A0JaTakK joIl jeaHOT
CKpHBeHOT cnoja. Panuju Hamasu cy mokasanu fa je 3a pellaBame npoOlieMa Hpeaukluje
MOTPOLILE €JIeKTPHYHE €Hepruje NnoTpedHO KOPHUCTHUTH cilojeBe ca Behnm OpojeM HeypoHa.
Hnak, ga 6u ce ¢opMupao yHHBep3amaH MoOAel NMOTOJaH 3a NMPEJHKIHje Y PasIHIuTHM
CKYNOBMMa TNojaTaka (pasiIHMYUTHX Y CMHCIY CTPYKType oDelexja, a caMHM TUM M Opoja
HeypoHa) Tpeba y3eTH y 063up BHIle hakTopa 3a MOCTU3aMkEe ONTHMATHHUX YCIOBa.

Jenan on HajBakHMjuX ¢akTopa je oapehuBame Opoja HEypOHa y CKPMBEHUM CIIOjeBHMA. 3a
MOJIeN IPHKa3aH y OBOM MOTJaBIbY Taj Opoj (1xiq) ofpelieH je y 3aBUCHOCTH 0 Opoja HEypoHA
Y Ya3HOM Cl0jY (Ainpur) (36):

Mhid = Minput - (36)

Ha oBaj nauun he Gpoj HeypoHa y CKpHUBEHHM ciojeBUMa OMTH ofpehen cpasmepHo Opojy
HeypoHa Ha y7nasy y Mpexy. Pasnor 3a To noTuue us noTpebe Aa ce 3a pa3aHUUTe CKYNOBE
NojIaTaKa ca pa3Iu4uTUM OpojeM HeypoHa Ha ynasy, oapeaH ¢ep nponopuuja Opoja HeypoHa
¥ OCTaJINM cJ10jeBUMa (a ¥ CKiafy ca HanasuMa aytopa y [145], [146]). Hako na npeu nornen,
He Jenyje 3HauajHo, Opoj HEypoHa Ha ylasy 3HauajHO BapHpa oJ KiacTepa 10 KnacTepa. OBo
ce noce6HO HCTHYE aKo Ce MOCMaTpa JAelIoBabe MojieNa Haj KllacTepHMa KOju caJpoke NojaTKe
0 camo jeTHOM Mecelly y TOAWHH ¥ OJHOCY Ha KJIacTep jefHOT FoqUIIer 100a WK Y 0JHOCY
Ha 6a3HH CKyH nojaTaka. 3a IOCTOjalbc IOMCHYTHX Pa3iora TNIaBHH KPHBAL| CY KaTCTOPHjCKe
NpOMEH/bUBE Koje he y 3aBHCHOCTH Ofl THIa KJIacTepoBama MMATH pasiH4UTe TOCHeanLe y
BUy Opoja Moryhux kateropuja. JeqHo TakBo oDelNekje je 03HaKa 00pauyHCKOT Meproja Yuj
je caapikaj BeoMa BaXkaH 3a TPEIUKIM]Y H MOXEe MMAaTH BHIIE pa3iMIMTHX oOnHka (Tj.
koMOHHaLHja). Y cknamgy ca THM, TOCTOjH HEKOIHKO Moryhux ciydajesa:

e | crmyuaj—ako ce mocMarpa KiacTep 3a jefaH Mecell (y OBOM CIIydajy KJIacTep janydp),
KOHKpeTHO obenexje he cagpixarn 4 moryhe kateropuje (1o jenan janyap 3a cBaKy of
4eTHpH NOCMaTpaHe TOAMHE), a caMMM THM HaKOH KOAHpama A00Hjajy ce 4 obenexja
Ha MecTy jeJIHOT;

e 2. ciyuaj - aKo ce IoCMaTpa KJIacTep 3a j€THO FoJuIlhe 100a, KOHKpeTHO obenexje he
cagpkaTi 12 paznmuuuTHX KaTeropwja (Tpm Mecena Koja o0yXBaTa j€IHO TOIMILILE
Jo0a TOMHOKEHA ca YeTHPH TOJMHE), TaUHUje HOBUX 12 o0enexja HaKOH U3BPLICHOT
Koaupama (0IHOCHO § HeypoHa BHIe Ha yna3y y ogHocy Ha 1. ciyuaj);

e 3. choyuaj - ako ce mocMaTpa 0asHH CKyn nojaTaka Ije NOCTOjH 48 paznmuuuTHX
KaTeropuja (cBaKa o IOcMaTpaHe YeTHPH ToAMHE MOMHOXKeHa ca 12 mecel), mWTo
J0BOaHM 10 48 HOBUX 00ene:kja HaKOH KoAHpama. To 3naun u 44 odeneskja BUIIE HETO
y IpBOM U 36 BHUILIE HETO Y APYTOM CIIy4ajy U UCTO TONHKO BHILE HEYPOHA Ha yhasy y
MpeXYy.

Ha cnenehe nse cimke (Cnmka 4-39 u Cinuka 4-40) nat je npumep monena A u mojena b
(pecreKkTHBHO) ca OpojeM mapameTapa 3a TPH MPETXO0JHO MOMEHYTa cllydaja: 3a KJacTep jeJHOT
Mecerna (a), KJacTep jeqHOT rouiber 100a (0) u 3a 6a3HH CKYT y LIENOCTH (B).
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ULAZNI SLOT | mput: ULAZNI SLOT | input: ULAZNI SLOT | imput:
[Mone, 397] | [Mone, 30)] [(Mone. 42)] | [(Mone, 49)] [(Mone. 96)] | [(Moue, 95)]
TnputLayer output: TnpufLayver ontpnf. TnprtLayer output
GUSTI_SLOT 1 mpnt: GUSTI_SLOT_1 GUSTI_SLOT_1 wpant
= = {Mone, 30} | {Mone, 39} = - (None, 40) | {None, 49) — — (Mone, 96) | (None, 96)
Denze output: Diense outpat

g
l——

GUSTI_SLOT_2 ingr: GUSTI_SLOJ 2 myput:
{Mone, 30} | {MNone, 30} = = (Mone, 49) | {MNone, 490) = — Noune, 96) | (None, 96)
Drense onput Drense output
GUSTL_SLOT 3 | input: GUSTI_SLOT_3 | mpant
{Mone, 30} | {None, 39} (None, 49) | {(None, 40} (Noue, 96) | (None. 96)
Denze OupuE Diense output
TZLAZNT | input: ZLAZNI | mput IZLAZNIT | wnput:
P Mone, 20} | (Mone, 1) ai (Mone, 49) | None, 1) e {Noue, 96) | (Noue, 1)
Diense oufput: Drenze ot Dense | output:

(a) (6) (B)

Crmika 4-39: Mogen 3a knactep jeiHOT Mecella (a), Ki1acTep jeaHor roguimer 1oba (6) 1 3a ckyny
uenocru (B) — mojen A

ULAZNISLOT | gt

ULAZNT SLOT | inpus . ULAZNI SLOJ | mpst
[ione. 391] | [i¥one, 391] [ifeme. 401] | [oue. 191] [(ane, 9%1] | [(None, 96i]
upulLayer | oepun TugiLaye | outpat TgulLaye | ouipen
weight_os o BWNL_1) | inpet ]le”““ o 1 [weiaht_nommaization_t WKLy | gt |mm.4m om0 et omdzston 1) [ [
WeghtNomakztonDense) | oupt | | weasmommlcationDense) | outper: | WehtiomalzationDense) | output
LNL_1 wput | LNL_L mput . LNL_1 wpet. [ .
(Noue, 39} | (Noue, 39 Howe. 499} | MNowe, 49} — (Howe, %) | (Noue, %)
LayesNoqmalization | outpur LayerHamalzation | onfpat LayesNomadaation | output
weizht_nonmalizaon_SWHL_2) | et | [[weisti_noamalization 130T 2) | mgput | [ weistit_wormatization w2 | e |
Home, 309 | {Mome, 303 — = (Nowe, 45) | (Mome, 40) (Nome, 06) | {(Mome, 46)
WeishtHomakzstionDense) | output | | WeisliromulzationDense) 3 | WeighiomuakzationDense) | outpet. |
LNL 2 wput LNL_2 mput LNL_2 et
(None, 39 | (None, 30} (Mowe. 49 | (None, 49 (Mome. %5) | (None, %6}
LaveNommahzation | outpur LayerNormakeation | outpat LayerNomabzation | onfpmt
[ westn_somsization_1orwL_3) | gt | [ weistu_noasalization_130WL_3) | mput | [ weistut_woomatizatson 3925 3 | mpur |
- (Nouie, 39) | (Nome. 39} — Howe, 48 | {Noue, 49) — o, 96) | (Noue. 96)
| WeniNomabamonDass) | ougur | e | e |
LNL_3 gt LNL_} aput LNL_3 npet
(Noue, 39} | (None, 3 - (Mowe. 49 | (None, 49 (Mome. %) | (None, %6}
LayerNonmalization | output LayerNamalzation | oufput: LayerHomalzation | output
[ ettt novusalization_1112042) | wput | [ weiatt_noamatization_150z1az) | mpur | [ woiate_nomisbastion_3z1az) | wpor | )
- - (Hone, 3 | (Nome. 1) Howe, 49} [ {Neae, 1) — (Mone, 96) | (Hone, 1}
| WeasbiomalzahoaDense) | oupur | | WesbiNonmlizhonDense) | owtper | | WeastionmlzatoaDese) | oot |

(a) (6) (8)

Ciuxa 4-40: Mogen 3a Kiacrep jeaHor Mecena (a), KIacTep jeaHOT roauiimer 100a (0) u 3a ckyn y
uenoctH (B) — moaen 5

JacHo ce BUAM pa3imKa y Opojy HEYpOHA Y YIa3HHM alny U CKPUBEHHUM ClIojeBUMa M3Mel)y Tpu
IpHKa3aHa cllydaja 1a y TOM CMHCIY pesynTaTH He Oum OWIM ymopedauBH ¢opMHpameM
YHHBEp3aJIHOT MoJiefa ca yHamnpe[, pukcHo oapehennm Opojem HeypoHa 3a CKpHBEHE ClI0jeBe.
[TocTaBmamem Opoja Heypona Ha 100 y cBakOM CKpHBEHOM CIOjy, Mpeka 3a 1. cimydaj Ou
MMalna TpH ITyTa BHILE HEYpPOHA Y CKPUBEHUM CJI0jeBHMa HEero Ha CaMOM yJasy 1ITo O JOBENO0
JI0 CTPYKTYPE 0OpHymoz mpoyaia MTO je CyNpoTHO Mpenopykama aytopa u3 [ 145], [146].

HcTa 3aKOHUTOCT BaXKH U 3a OCTaJle TUIOBE KIacTepoBama (Y 0JHOCY Ha IPYIY WIH KaTeropHjy
notpomraya). [Ipema Tome, 3a cBaky oj1 Mpexa he Opoj HeypoHa y CKpHBEHHM cllojeBHMa OUTH
oapeheH 3aBUCHO 07 CTPYKType yJla3HHX HeypoHa. Tako he Opoj jemuHMIIa Y CKPHBEHHM
CNOjeBMMa OMTH Pa3/IMYHT 3a CBAKHM THI KIacTepOBamka, a caM Moaen he 6MTH yHUBep3anaH.
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ApxuTekTypa Mpexe ca Opojem napameTapa, 3a ciydaj ca Hajsehum 6pojem HeypoHa Ha ynasy,
nata je Ha cineache ase cimke (Cnuka 4-41 u Cnuka 4-42). IlonoBo je npumertan Hemro Behu
Opoj Tpenupanux napamertapa ko Mojena ca WNL u LNL cnojeBuma (Moaen 5) koju MOHOBO
HHUje y IOTOYHOCTH TauaH 063upoM Ja ce Heyponu u3 LNL cnojeBa mrramnajy kao mapameTpu
KOjH ce TpeHHpajy.’

TLAZNI SLOT | mpuf:
InputLayer output:

[(Mone, 49)] | [(None, 49}]

Y

- weight_nonmalization_120WNL_1) | mput: o o) | o )
TLAZNI S . one, 4 one, 4¢
e SLOT | wput [(None, 96)] | [(None, 96)] WeighfNormalization(Dense) output:
InpufLayer output
LNL_1 input:
A J = i (None, 49) | (None, 49)
GUSTI SLOT 1 input: LayerNomualization | output:
— = (None, 96) | (None, 96)
Dense output:
weight _nonmalization 13(WNL_2) | mput © | o 19)
one, 4¢ one, 4
Y WeightNormalization(Dense) output: o™

GUSTI_SLOT 2 | mput:
= = (None, 96) | (None, 96)
Dense outpuf: \
LNL_2 inpt:

LayerNormalization | outpuf:

(Mone, 49) | (MNone, 49)

Y

GUSTIL_SLOT 3 | input:

(None, 96) | (None, 96) - -
Dense output: weight_normalization_14(WNL_3) | mput:

WeightNormalization(Dense) output:

(None, 49} | (None, 49}

Y

IZLAZNIL | mput: ™ o) | av n T o
one, ¢ one, 3 input:

3 . None, 49 one, 49
Dense output: LayerNormalization | output: ¢ V| )

Y
weight_nonmalization 15(IZLAZ) | mput

WeightNormahzation(Dense) output:

(a) (6)
Cnuxa 4-41: Moynen A (a) u Mmonen 5 (6) - cIpykTypa ciojera

(None, 40} | (None, 1)

? Kao n panuje kana je Ouno suwe peun o Opojy napamerapa ceakor o mojena (Cinuka 4-29) ny 0BOM Clydajy Bamky HCTH
LPUHLHIL
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Layer (type) Output Shape Param #
ULAZNI 5SLOD {InputLayer) [{Mome, 96}] a
weight_normalization (Weigh (None, 965) 18721

tNormalization)

LNL_1 (LayerNormalization) (Monme, 96) 192
weight_normalization_1 (Wei (None, 96) 18721
Layer (type) Output Shape Param # ghtMormalization)
ULAZNI SLOD (Inputlayer)  [(None, 96)) e LNL_2 (LayerNormalization) (None, 95) 192
GUSTI_SLOJ_1 (Dense) (Mone, 96) 9312 weight_normalization_2 (Wei (Mone, 96) 18721
ghtHormalization)
GUSTI_SL0J_2 (Dense) (None, 96) 9312
LNL_3 {(LayerNormalization) (Mone, 96) 192
GUSTI_SLOJ_3 (Dense) (None, 96) 9312
weight_normalization_3 (Wei (MNone, 1) 196
IZLAZNI {Dense) {None, 1} a7 ghthormalization)
Total params: 28,833 Total params: 56,935
Trainable params: 28,033 Trainable params: 28,808
Hon-trainable params: @ Non-trainable params: 28,837
(a) (6)
Cuka 4-42: [IporpamMcka mraMmna CTpyKTYpe clojeBa ca dpojem napamerapa: mojen 4 (a) u mogen 5

VYV mnactaBky he TabenapHo OMTH mnpHKasaHM pe3ydaTaTH NpeauKOHje 3a oda Mojena
HAaHU3MEHHYHO U 3a CBAKK 0] MOMEHYTHX THIIOBa KiacTepoBama. Y Tabenama cy niaBoM 60joM
HCTAKHYTE HAjIOBOJbHHje MpPOCEUHE ANcOMyTHE Tpellike JOK Cy BHMa CYNpPOTHE O3HAUESHe
1pBeHOM G0joM.

Baskno je nanomenyTn aa he Moneny (4 u 5) OHTH TeCcTHpaHH YBeK IO HCTHM OKOJIHOCTHMA
(ucTH Opoj CKPMBEHHX CJIOj€Ba, CTONA y4yeHa, BEIMYMHA CepHje, (PyHKIHja ONTUMH3ALHje,
ut.). OBo je moceOHO 3HAYAJHO jep ce HA Taj HAYMH TECTHPA NPHIATOAJbHBOCT MPEIOKEHOT
MoJeNna KaKko pasIHIHTHM CKYTIOBHMa N0AaTaKa Tako ¥ IMX0BOj BETMUMHH KOja 3HATHO BapHpa
(Cmika 4-38).

44.1. IlpBu THN KJacTepoBamba

YV cnyuajy mpBOT THHa KIAcTepPOBamka CBAKH KIACTEP CAApXKH NMOJATKE O MOTPOLIaMa M3
jenHor Mecena 1To he oOyxBaTHTH HOTpolLIme 3a cBe Hoctojeche moTpomaue, 3a 4eTHPH
nocmarpane roguHe. Hakon unirhena nogaraka n ogdanusama UpeneBaHTHHX MojaTaka (Kako
je objamrmeno y motnornasiby 4.2) y npsoj dazu npenodpaje nogaraka, cCBakd o KiacTepa
HUMa pHONHIKHO jeHak Opoj ounTaBama Opojuna, (n3mehy 8 1 9% yxynHor Opoja ounTaBama),
Cnuka 4-38.

TabGena 5 nokasyje oueHe npensuhama oba mogena (4 u b) Kpo3 BpPeOHOCTH YETHPH
NpoLEeHTyanHo u3paxeHe Metpuke (RMSE(%), MAPE, MAE u AR’) nobujene TecTHpameM
Mofena Haj TecT CKyIOoM MojaTaka (MoJaly U3 Hocneahe roJuHe TOCMaTPaHoT MepHoa).
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Tabena 5: [Topeheme Merpuka 3a NpEU THUI KIacTepoBamba [54]

METPHKA {;;2 JAH ®EB MAP AIIP MAJ JYH JYJI ABI' CEIl OKT HOB J[EI] ?ffg

RMSE A |7.89 848 806 861 98 10,12 10,11 10,24 933 9.1 8,17 839 834
(%)

B |72 7.4 698 677 861 801 772 866 797 7,62 7142 679 7.9
MAPE A 629 665 619 668 7,51 83 839 863 7,13 68 637 643 62
(%) B [5,56 542 507 479 587 581 575 523 574 55 509 483 568
A |50 618 581 627 709 757 771 796 67 647 583 618 5,92
MAE (%) _
B | 53 522 484 474 577 5,65 557 663 558 533 486 472 546
A 9526 96.46 96,88 95,48 94.65 93,81 90,96 69,72 95,13 95,73 97,35 96,31 95,67
AR? (%)
B

96,12 97,34 97,68 97,16 96,12 96,14 94,78 98,02 96.45 9701 97,95 97,61 96,25

[lperxogna Tabema faje mpernel MeTpuka AoOMjeHHX TecTHpameM MOJENa 3a CBaKH
nojeauHaqHu Mecell y rogunn. [Topenehu ca pesynaratuma us dasnor ckyna 3a oba nopelena
mozena (Mogen A 1 MoJen u 5) NpUMETHO je Ja 3HaTHO IOBOJEHHUj€ BPEAHOCTH Aaje Moaen b.

Y Tom cmucny, mnocebHo Tpeba wuctahm BpepHocTH npuiaroheHor xoeduuMjeHTa
JeTepMUHAlLIMje KOjH je NPUMETHO BHINM Kajda je Mofen b y muTamy. BpeanocTtu cpenme
NpOLIEHTYallHe TPelllke 3a CBe NMOTpolIade M 3a CBAKU MOjeIMHAYHH Mecell MOBObHHUja KO
mozena A nero ko moaena A. Hajseha npoceuna rpemka ce qoouja 3a Mecen asrycr (8,63%)
MOJENoM Tuna A, IO0K je HajIoBOJbHHja BPEJHOCT MOCTHUTHYTA 3a MECELl alpHil Y U3HOCY Of
4,79%, moaenom tuna b. TakBe pesynTaTe npare ¥ BpeIHOCTH NMpuaroheHor koeduuHjeHTa
JeTepMHHalLIMje IPUKA3aHe y Mocleaka ABa peaa npeTxoaHe Tabene.

44.2. Jlpyra THN KJacTepoBamha

PesynTaT npumeHe Apyror THIA KJIacTepoBaba Cy YeTHPH KiIacTepa 3a YeTHPH FoJHUIIBa J00a.
3a pasnmuky oj yoOWuajeHe Hofelle Ha TogulImBa Joba, pagn yckilahuBama ca MeCedHHM
o0padyHHMa MOTPOLLLGH, OB/ e je H3BPIIEHA PAcHoelIa Kako je paHHje MPHKA3aHO Y MOrNIaBIby
3, Cnuxka 4-7. Pesynraru nobujenn moaenuMa A u b 3a Ipyru THN KJIacTepoBamka AaTH CY Y
Tabemu 6.

Tabena 6: [Topeheme Merpuka 3a APyrH THI KiacTepoBama [54]

METPUKA  ANN THUII| JIETO JECEH  3UMA [IPOJIERE
RMSE (%) A 9.83 8.20 787 9,03
B | 742 775 692 6.80
3

MAPE (%) A 79 6.20 579 6,97
B | 547 489 4381 5,28
A 727 578 557 6,51

MAE (%
(%) B | 513 534 470 4,72
, A 93,42 96.67 96,60 95,12

AR2 (%
(%) B | 9675 9597 97,66 97,45
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Kao u xox mpeTxoaHOr THNa KnacTepoBama, MPELM3HH|H je Moaen Tuna b, najyhu HajMamy
npoceuny rpemky on 4,81%, n0K cy BpeaHocTH KoeuipjenTa AR? HEIITO HIIKE Y OHOCY Ha
IPBHU THI KIIACTEPOBAIbA.

443. Tpehn THn Ki1acTepoBama

Ilpema Tpehem TUmy KiaacTepoBama, CBH MOTpOLIAYH ce Aeje y ABa KiacTepa pasmHkyjyhu
HOTpoIIaYe KOjH eNeKTpHUHy eHeprHjy KOpHUcTe HCK/bYUHBO 3a oTpede y fomahuHCTBY U oHe
KOjH UCTY KOPHCTE 3a Jpyre noTpede (HemomahnHCTRa, MpaRHU cy0jeKTH, UT).

[Ipema rpacuky ca ciuke Cnuka 4-38, Buue ox 95% noTpoinaya Ha NoApydy rpajga Yxxuua
upne qoMahHHCTBA, a IPEOCTaNo Cy MOTPOIIAYH U3 IPyIe HeaoMahuHCTBa.

Tabena 7 nokasyje ouene npeasulama 06a mogena (A u b) kpo3 uetnpu meTpuke (RMSE(%),
MAPE, MAE u AR?) 3a krnacTepe Koju pasiMKyjy Morpomade y goMahHHCTBMMA M OHE BaH
IBHX.

Tabena 7: [Topeheme merpuka 3a Tpehu THI KiacTepoBamba [54]

METPUKA ANNTUII| HE-JJOMARUHCTBA  JIOMARUHCTBA
A 16,57 12,52
RMSE (% : :
(%) b 9.30 7.09
A 5
MAPE (%) 148 10,74
B 6,58 4,86
A 12.29 926
MAE (% ) :
(%) B 6.10 475
A 63,53 70,52
AR? (% : :
(%) B 95.89 96,88

V cnyuajy Tpehe noaene Ha KnacTepe NpUMeTHA je BEJHKa pa3liika y OpojHOCTH OBe IBE TpyTie
norpomraya. Bume ox 95% mnotpomaua y nomahuncTBuma 3Hauu u Behy MacorHocT y
KIacTepy, a caMHM THM Y APYTOM KlacTepy ca 3HATHO Maibe TmoJaraka Jomasd g0 noremkoha
y IPEAHKINjH TO Ce AUPEKTHO OJIpakaBa U Ha mocMaTpane meTpuke. OTyJa W jacHa pa3inuka
Y BpeAHOCTHMA TIpHKa3zaHe PEIIKE Koja je BUIIA y KIacTepy 3a HeloMahWHCTBA almy M Jaske,
nopeaehu monene mehycobro, Moien A je 3HaTHO yCTIENTHHjH O/1 MOJIena A .

444. YerBpTH THN KJIACTEPOBaIbLA

YeTBpTn THI KNacTepoBamka MPaBH pa3IHuKy H3Mely HoTpolIada KOjH KUBE Y TPajJCcKoj X OHUX
KOjH cy y mpurpajckoj cpeauau. O63upoM 1a ce H y OBOj HOJEIH youaBa BEJIUKA PasjinKa y
OpojHocTH moTpomada (mpexo 70% morpollada KUBH Y TPpafckoj CPEIHHH ) OYEKUBAHO je Aa H
pe3ynTaTH npegukuyje Oyay cIMYHE OHHMA U3 MPETXOJHOT THIA KJIacTepoBamba.

Tabena 8 nokasyje ouene npeasuhama oba mogena (A4 n 5) kpo3 uetnpu metpuke (RMSE(%),
MAPE, MAE u AR?) nobujeHe Haj CKYIOM TOfIaTaKa W3 TOCENHE TOAHHE MOCMATPAHOT
NepHOA 3a KJIAaCTEPE ca MOTPoLIaYMMa U3 IPHUrpajcKe H IpaacKe CpeqHHE.
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Pesynratn monoBo ucTHday Monen b5 kao smatHo ycnemnuju. [Topepehu pesyntate y
KiacTepuma MeljycobHo, 3a KlacTep moTpollada y rpajckoj CpequHH Mojen Thma A Oaje

JolMje pe3yaTaTe AOK je HCTOBPEMEHO Mojen b 3a UCTH Taj KIacTep 3HATHO NPELH3HHjH.

Tabena 8: [Topeheme MeTpuka 3a 4eTBPTH TUII KIacTepoBama [54]

METPUKA ANN TUII| TPAJICKA30HA  TIPUTPAJICKA 30HA
A 17 64 1379
RMSE (%) B 6.93 753
A ,63
MAPE () i e
A 1326 984
MAE (%) B 4,;20 4:92
. A 91 44 91,23
AR" (%) B 96,88 96:21

44.5. Ilpeun3HOCT NpeiI0KeHOT Mo/eJia

JacHo je na mpemnoxeHu Moeln (MoJen 5) UMa BEIHKY IPelU3HOCT ¥ npeaBulamy MeceUHHX
MOTPOLIBH a4 Kako OW pe3ynTaTH OuNU jacHWju, nujarpam Ha cneaehoj cimmm (Cnuka 4-43)
WIycTpyje NoOujeHe BpeIHOCTH Cpeihe alCOMYTHE IPEILIKE.

MAPE (%)

16.63%
.
16%
14.85%
.
149
12%
10.74% 10.78%
. .
10%
s0% 830% 86
* - L 7.93%
ae 751% .
. -8 6.97%
6.65% 6.68% o 6E0% ge :
9% §.10% 637% 6.43% o .
e 619% g 6.20% I =
- - L T
6% . L 583
* L] . ™ . = = . 6.58%
. - 5.8 SEI% 575% 2@ 4 . .
.36% 5429 ~ . 533 = ® S54T% @ ®  comy . . .
4% s 4.79% o a1 13 489% ag1% 4.36% | a.87% 497
2%
Mpsw TMN KNacTepOBarea Lpyry THN KNSCTEPOBaKA Tpahu Tan Yerapr T
WNACTEPOBAKA  KAACTEPOBANGA
0%
= a e 5 = T s T a a a o I F o @ a m ® =
o ] = = - > e b ] ] a E @ @ - =
z = ® B2 = = = z & 2 It 8 @ o : % E E g g
= = = = @ F =] H z = ) m = g g ] ]
o 2 < < u E g T 2 &= = S a3
=) = [+ 2 a e T £ £ § £°
o i = : 2 g @8
® MAPE (%) (Tvn A) ® MAPE (%) (Tun B) g g &

6.20%

5.68%

Ueo cet

Cnuka 4-43: Cpenme pennocty MAPE(%) 3a cBe noTpourade y TecT cKymy (YIOPEIo 3a CBaku
KJIACTEP M CKYI ¥ 1IeNocTH), TobHjeHe nomohy Momena tuna 4 u mojena tuna b5 [54]
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Ha nujarpamy, npeenum taukama cy obenexxeHH pesyntaTd nooujenn mogenom ANN Tuna 4,
JOK NIaBe MpecTaBbajy BpeIHOCTH Jo0HjeHe mpeskoM Tuna b. Ha x ocu cy o3Hake knacTepa,
a Ha y OCH IIPOLEHTyallHa CPeiba Tpelka. Kpajme 1ecHO Ha AHjarpaMy ¢y pe3yJITaTH J00HjeHH
Mofenuma y 6a3HOM CKyny MmojgaTaka.

[TpumeTHO je na je Mofen THNa b Tpenu3HUjH alu ¥ CUTYPHHU]H Y 0HOCY Ha Moaen A, najyhu
MHpPHH]Y pacnoJeny Tauyaka Ha rpaduky.

Ilopes mpocedHe rpelike 3Ha4ajal noKasaTesb YCMEIHOCTH MOIeTa npyka AR? koeduuujeHt
nokazyjyhu edukacHocT ocobMHa moTpomiada y oOjannmkaBamy TOTPOIIBE EISKTPHYHE
enepruje. Cneneha cimka (Cnuka 4-44) unyctpyje BpeiHOCTH Koe(pHIIMjeHTa IeTepMHHALT]je
3a cBe KiacTepe H 06a Moena.

; 3B 02 766 ,
1734 68 9716 07,01 97,66 07 45 3
: 1 5.14 - T ! 95,9 . . 4589 - 3
s ) - . . 4,78 . - s L] (] . - . . .
9645 9683 - - . - .. 073 9657 966 -
95.48 4 - 3 9573 - 95.12
3
: - 1342 . .
0 90.96 9144 9123
85
80
75
70 - L ]
69.7. 0.52
65
.
63.53
60 4
MpPEN THN KNACTEPOBAKA Apyr run Tpehu Tan eTepTH THN
wnac
55
o o = 3 = T = - o a a a a - o - - - .
o @ o = i) = = =) o o o ] = o = = -] o T @
T a ] = = 3 = c =} 0 o o ] ) S ] 5 [ 3 a8
g 8 = X 2 8 % % = &8 & % § % 8 g
= ] < < ] = g g E = = 2 =
@ § ° 2 B s £ § &
o z = 2 b g
g =3 &
* AR2 (%) (twn A) ® AR2 (%) (un B) & =
K-

a

Cmuxa 4-44: [punarohenu koeduumjent nerepmunannije (AR”) 3a cee knacrepe u Mozene (4 u 5)

IloHOBO, LpBCHE TauKe MPEACTaBIbajy BPCAHOCTH KOC(HIMjCHTA KOj¢ MOCTHXkE Moaen A, a
wiase Mojen b. Y ckilafy ca paHHje IpUKa3saHUM pe3ynTaTHMa, BpeJHOCTH JoOujeHe MofenoM
£ nonoBo ce ucTHYy Kao MOBOJbHH]E.

Oso noTBphyje paHuje HAMETHYT 3aK/bydak Ja je MPEAJIOKEHH Mojaen (Mojen b) He caMo
ycHenmuju y npegpuhamy y norney Npenu3HOCTH HCKa3aHy Kpo3 BHCHHe rperike Beh u mo
MUTABY HEeTOBe KOH3HCTEHTHOCTH H CUTYPHOCTH. Y TPHIOT YCHEMHOCTH Mojena b roBopH 1
KpHBa CBakc NocMaTpaHEe MCTpPHKC olcHe kBanuTeTa Monena (Cnmka 4-45 m Cnuka 4-46)
npaheHe TOKOM jeJJHOT mpolieca TpeHUHra Mofiena A U Mofena b.

IloHoBO je mMpuMETHa pa3iMKa y NOHAIamy AHjarpaMa KOju HIycTPYjy OBa IBa MOJENa.
Moxaa ¥ BuIlle HEro paHHje jacHa je HecurypHocT mogena A (Cnuka 4-45) y cBakoj on
METpHKa, a moceOHO kaJa Jolje y KOHTAKT ca HOBUM, [0 TaJa HEMO3HATHM NOAalUMa.

Hacynpot Tome, mogen 5 (Cnuka 4-46) nokasyje CUrypHOCT M KOH3UCTEHTHOCT 3a CBaKy Of
MOCMaTpPaHUX MeTpHKa Y3 TOTOBO NOTNYHO MOKIaname INHNja KPHBE KOja OIHCYje BPeIHOCTH
METPHKA HA TPEHHHT M BATHJALIMOHOM CKYIy NoJaTaka.
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Crnuxa 4-45: JTujarpamu npaheHHX MeTpUKa TOKOM TIpolieca oOyuararmba Mojena 4
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Mean absolute percentage arror
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Cnuxa 4-46: [Tujarpamu npaheHHX MeTPHKa TOKOM mnpoieca o0yuaBama Moaena 5
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Ja cy BpemHocTH koje mpeaBuha Mojen 3aHcTa TONMKO OIM3Y CTBApHHUM MOTPOLIHAMa
HOKa3yje M YIOPEAHH JjarpaM CTBApPHUX M NPEIHKOBaHUX BPEJHOCTH AaT Ha cieaehoj ciuum
(Cmuka 4-47). LipBene Tauke Ha AvjarpaMmy NpeACTaBbajy CTBapHE, H3MEPEHE MOTPOLILE Ha
OpojunuMa noTpolaya JoK MIase (pecneKkTHBHO) MpeacTaB/bajy BpeJHOCTH No Mofeny. Maxko
JujarpaM mokasyje Tex mam Opoj notpomada (30 y ogaocy Ha npexo 300.000 norpomaua y
TeCT CeTy), jaCHO MIyCTpyje Aa cy OACTyNama MOJeNa MHHHMMalHA, a KOJA MOjeJHHHX
noTpomlaya u HempuMeTHa. CBe TO MOTBphyje BenMKy NMpelU3HOCT MPEII0oKEHOT Mofena y

npeasulamy MeceyHHX MOTPOLILE SNEKTPHYHE €HEpryje M yKasyje Ha ONpaBJaHOCT HEroBe
npUMeHe.

CreapHe W npegsihere notpolwtbe 3a 30 HACYMMYHUX NOTPOLLAHA M3 TECT ceTa

# Mpeaeuhers NOTPOWHE » (TEApHE NOTPOW:E

Notpowsse y KWh
o
8

CreapHe u npeaguhere noTpowrse 3a 30 HACYMUYHUX NOTPOLLAYa M3 TECT ceTa

— Mpeaawhexe NOTpOWHE = = = = CTBapHE NOTPOWH:E

Norpowse y kWh

Cnuka 4-47: YropeaHu NpHKa3 CTBAPHUX MOTPOIIBH H HOTPOIIERHU 10 MOIeny 3a 30 HACyMHYHO
01abpaHuX moTpoLIaya

Kako he y peannoMm cuctemy uecTo moctojaté norpefa 3a mpeaBubameM NOTPOIIBE
eNeKTpUYHE eHeprHje IojeJAMHAYHOr IOTpolllaya, a HE caMO Kao Tpyle MOTpolIada, Ha
cnenehoj crmmy (Cnuka 4-48), mpHkasaH je ynpaBo TakaB CIIydaj.
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Mpernep rpewke y paznuyMTUM KNacTepuma 3a je/Ho HacyMryHo gomahuHcTBo y
rPaACKOM Hacesby.
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Cnuka 4-48: Cpeasse Bpegnoctd MAPE(%) 3a jeJHOI HACYMHYHOT [IOTpoLIaya, Jodujene momohy
MoJena THNa 5, 3a CBaKW THII KIaCTEpOBama U CKYI y LEeJIOCTH [54]

Cnuxa 4-48 unycTpyje BpPEIHOCTH TPEILIKe 3a jeJHOT, HaCYMUYHO oadpaHOr IoTpomaya us3
KaTeropyje foMahMHCTaBa KOj€ CE Halla3H Yy Tpajackoj 30HH. Tauke obenexeHe pBeHOM 00joM
npeAcTaB/bajy ancoNyTHe Tpelke y NMpeAuKUH|H HOTPOIIBH 32 KOHKPETHOT MOTpoLIaya,
JobujeHe TpeHUpameM M TeCTHpameM Mojena THna 5 Haj untaBuM ckynoM. [IpumeTno je ga
Cy Te BPeIHOCTH YTJIABHOM Ha HAjBHIIIMM MO3HIIHjaMa Ha rpadHKy 3a CBAKH Mecell Y TOAUHH.

JacHo ce BuaM Ja cBaKM THI KJlacTepoBama (Ha rpadMKy NpeacTaB/beHH cMMOOINMA TiaBe,
3eneHe, cuBe U 1ipHe 60je), omoryhyje npelu3Hrje IporHose y 04HOCY Ha OHE Y YHTABOM CKYIIY
(,.ueo cet”). [Ipnm TOoMe, y roToBO cBakOM Mecely, NPBH THII KIacTepoBama (CBETIO IUIaBU
Mapkep) Jaje HajObosbse pesynraTte. BpeaIHocTH Tpellke Koje MoKa3yjy OBH MapKepH najajy
UcIoja 2%, a 4ak y TOJOBHHH MecelH cy Huxke o1 1%. OBuM je jom jeanom norspheno aa
npeJIoKeHH MoJen (Moaen A) HajMarse Tpellid NpU NPUMEHH IPBOT THIIA KIACTEPOBakha, IITO
ra 4MHM NOFOJHMM He caMo Yy MacH, Beh M y ciyd4ajy NpeluKuHja 3a HHIHBHIYaTHOT
HOTPOLLAYA.

PesynTaTn npeacTaBibeHH Y OBOM MOTNIaBJby MOTBphyjy meTy mocebHy xumoresy mo kojoj ce
dopMupameM XOMOTEHMjUX Tpyna MoTpollada Mory npesasuhm mpodnemu HacTanM Kao
nocIeMla XeTeporeHoCTH MOTpoIaya eNeKTpHIHe eHeprije Ha HeKoM HOAPYY)y.

Kon pazBoja Mmogena A u Mmofena B natu cy y euay npunora (IIpunor 9 u Ilpunor 10).

44.6. Ilopeheme pesyarata ANN mogesa ca apyrum ML mogennma

Hako cy ANN y BHIlle HaBpaTa MoKa3aje CyHepHOpHOCT HaJ APYTMM MOMEHYTHM TeXHHMKaMa
ML y nacraBky he 6UTH NpuKa3aHu pe3yNTaTH KOje OBE TEXHUKE MOCTIKY 32 CBAaKH 0] THIIOBA
KIacTepoBama. Tabene 9 no 12 majy ynopenHe BpelIHOCTH CBaKe O MOCMaTPaHUX MeTpHKa
(RMSE(%), MAPE, MAE u AR?) 3a ner panuje momenytux anropurama ML y ommnocy mHa
BpEeAHOCTH UCTHX MeTpuka nocTurayTe nomohy ANN mozena.
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Hpeu mun knacmeposarsa

Tabena 9: [Mopeheme pesynrara apyrux texnuka ML ca pe3ynratuMa npeioskeHoT Mojiena 3a MpBy
THIT KIIACTEPOBAHA

METPHKA JAH ®EB MAP AP MAJ JYH J¥JI ABI' CEN OKT HOB J[EI

Juweapua 847 - 926 921 1202 1184 1108 - 1165 1069 1026 -
perpecuja
Tpamujenr Gycr 68 723 701 7,15 863 851 841 780 857 786 699 7,19
. (XGBoost)
S Jlmcapun SVR 845 945 926 925 1195 12)5 111l 4000 1187 1063 1009 94l
=
2 Xybep 854 941 927 926 1196 1209 11,13 4015 1185 1069 1005 945
E perpecuja
Crabmomyxe 954 1049 1008 1001 1202 1197 1172 1078 1180 1147 983 1048
lpepnoxenn 350 332 496 452 500 463 365 295 405 461 437 407
mogen ANN
Juneapua ¢ oq - 725 726 967 956 927 - 933 851 869 -
perpecuja
TpammjentOyer o0y 419 497 691 615 612 617 559 591 558 505 5.4
(XGBoost)
& Jhmcapun SVR 6,65 733 720 726 935 98 936 4164 933 839 768 755
=
= XyGep 676 733 723 728 938 977 935 418 929 849 773 758
= perpecuja
Crabnaomnyke 627 708 662 625 813 807 817 736 775 152 664 709
Mpemowenm |, g7 540 354 322 327 290 258 190 273 333 293 300
mogen ANN
Jupeapua | o4, 693 672 | 874 862 | 834 - 842 735 152 .
perpecuja
Tpamsjent Oyer| ooy 503 487 | 494 598 594 | 593 551 583 545 48 499
(XGBoost)
& NMumeapmn SVR 631 679 667 671 855 1216 836 3845 848 766 708 689
=
§ Xybep 637 678 669 673 857 876 838 38359 845 772 708 691
perpecuja
Crabnaomyke 638 698 650 667 801 799 801 732 774 753 645 697
Mpemowenm |, 5, 515 375 300 312 280 246 179 260 307 270 272
mogen ANN
Jukeapua o509 9638 9525 014 9253 9098 - 9332 9481 9656 -
perpecuja
Tpamijent Oyer e o3 9776 0703 97,14 9646 9614 043 9306 9639 9720 9840 976l
(XGBoost)
S Jlmcapun SVR 951 96,18 9638 9521 9322 9204 9005 - 9308 9487 9668 9590
- XyBep 9683 9776 9793 9704 9646 9604 943 9396 9639 9720 9840 9761
perpecuja

Crabnaopnyke 93,75 9529 9577 9441 93,13 9237 8892 8847 9316 9403 96234 94.23.

Mpennoxenn

9943 9949 09894 OHEER 9878 9893 9911 9946 9946 9901 9926 99,14
mogen ANN
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HApyzu mun xnacmeposama

Tabena 10: [Topehemwe pesynrata apyrux rexuuka ML ca pe3syaraTuma mpeIoKeHOr MOIena 3a

MAE (%) MAPE (%) RMSE (%)

AR? (%)

METPHKA

JIuneapua perpecuja
I'pamujent Oycer (XGBoost)
JTuneapuu SVR
Xybep perpecuja
Crtabna onnyke
[Tpeanoxenn momen ANN
Jluneapua perpecuja
Ipagujent 6yct (XGBoost)
JInneapun SVR
Xybep perpecuja
Crabna ognyke
[Ipennoxenu momen ANN
Jlnneapua perpecuja
I'pagujent 6ycr (XGBoost)
Jluneapuu SVR
Xy0ep perpecuja
Crabna omnyke
[Tpeanoxkenn mojgen ANN
Jluneapua perpecuja
I'pamujent 6yct (XGBoost)
JIuneapuu SVR
Xybep perpecuja
Crabna ontyke

[Tpeanoxenn momen ANN

JPYTH THIT KIIACTEPOBakha

JETO JECEH 3JUMA MHNPOJIERE

1191 9,85 9.15 1106
8,08 6.99 6 .85 781
1249 9,93 9,23 11,16
1247 991 9,23 11,18
1107 9.98 953 11,17
3,12 5.34 5.38 5.49
9.17 7.83 7.13 8,91
5.68 503 4.84 5,62
9,51 7,78 7.17 8,98
9.49 7.82 7.18 8.99
7,30 6.60 6.18 7.28
341 3.73 3,77 385
8,42 7,12 6.65 8.06
5.55 4.84 4.5 546
8.69 712 6.68 8,11
8.68 7,12 6.68 5.11
7.19 6.49 6.19 7,28
3,30 348 3.51 3.65
92.19 9622 9625 93388
9641 9809 9790 9695
9141 96,17 96,19 9377
9640 9809 9791 9695
9326 96,12 0594 9375
9851 98.70 98,66 9839
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Tpehu mun knacmeposama

Tabena 11: [Topehemwe pesynrata apyrux rexuuka ML ca pezynTaTHMa npeiIoxKeHor MoJeNa 3a
Tpehn THI K1acTepoBarka

MAE (%) MAPE (%) RMSE (%)

AR? (%)

METPHKA

Jluneapua perpecuja
I'pamujent 6yct (XGBoost)
JTuneapuu SVR
Xybep perpecuja
Crtabna onnyke
[Ipemnoxenn momen ANN
Jluneapua perpecuja
['pamujent Oyct (XGBoost)
JIuneapuu SVR
Xy0ep perpecuja
Crtabna onnyke

[Ipemnoxenn momen ANN
Jluneapha perpecuja

['pagujent 6ycr (XGBoost)
JIuneapuu SVR
Xy0ep perpecuja
Crabna omnyke

[Tpemnoxenn momen ANN
JIuneapna perpecuja

['pamujent 6yer (XGBoost)
JIuneapuu SVR
Xybep perpecuja

Crabna omnyke

[Tpepnoxenn moaen ANN

HEJOMARHHCTBA JOMARHHCTBA

10,02 6.85

13.49 1577
13,39 1586
13.86 901

725 6.64

3.64 477
14,67 1705
14,53 17.13
5.19 537
515 455
374 4770
11,11 1349
1104 1357
553 5.43
485 446
9645 9805
93,57 89.70
96 45 9805
9321 96 64
98,05 _ 97,89
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‘Iemspmu mun Kracmepoeaina

Tabena 12: [Topeheme pezynrata Apyrux texuuka ML ca pe3yaTaTHMa mpeIIoKeHoT MoJIena 3a
YETBPTH THI KJIACTEpPOBakba

METPHKA I'PAJCKA 30HA MPUT'PAJNCKA 30HA

JTuneapHa perpecuja

. ['pagujent 6ycr (XGBoost) 6.62 6.61
§ Juneapuu SVR 1435 15.37
g Xybep perpecuja 14 86 15,39
& Crabna ognyke 8.75 9.03
[Mpeanoxenu momen ANN 6.45 6,96
JluneapHa perpecuja - -
_ [I'papujent 6ycr (XGBoost) 4,71 458
s Jluneapun SVR 1582 1623
E Xybep perpecuja 1555 16,24
§ Crabna ogyke 5,28 5.12
[Mpeanoxenn mogen ANN 456 452
JluneapHa perpecuja - -
[I'pagujent 6ycr (XGBoost) 485 4.50
S Juseapru SVR 1259 12.89
ﬁ Xy0ep perpecuja 1243 12,91
= Crabna ogyke 5,30 5.19
[Mpeanoxenn mogen ANN 441 459
JluneapHa perpecuja - -
I'papujent 6ycr (XGBoost) 98.14 98,33
= Jluneapsu SVR 90 64 91,01
'g Xybep perpecuja 98.14 98.33
“ Crabna oqyke 96.74 96,89
[Mpeanoxenn mogen ANN 9791 97 84

[Tocmarpajyhu cBe nmpukasane pesynTare y nperxoauum Ttabemama (Tadema 9 - TaGema 12)
jacno ce uctuue mogen ANN kao cynepHopHHH Y OAHOCY Ha ApyTe TecTupaHe TexHuke ML.
Camo y jeTHOM TIOCMAaTpaHOM Knactepy — Hedomahuwcmea, mpahu mun xiacmepoeaina,
I'pagujent Oycr (XGBoost) netnye kao najoossn (Tabena 11). OBaj jenan, H3onoBanH coy4aj,
He 3Ha4H IeroBY NOTHYHY ycnenmHocT. [TocMaTpano y rmobany, npennoxenu mogen ANN je
JocTa cTaOMITHH]H 1ITO ONpaBJaBa HETOBY NPHMeHY Y OHIIO KOM THIY KJIacTepOoBamba.
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44.7. YTHnaj npasHuKa HAa NOTPOILIE eJIeKTPHYHE eHepruje

Panuje je mpukazan yTWIa] HEKONHKO pa3lMYUTHX ocoOMHA moTpomada M amOHjeHTa Ha
MeceuHy MOTPOIkY elekrpiuune enepruje. [locroju npernocraBka ga ce TOKOM NpasHUKA
nosehana IykTyamuja CTAHOBHHMILITBA MOXE OJPAa3UTH HA BHCHHY MOTPOLIE SIEKTPHIHE
enepruje. Kako ce mocMmarpa rpajicko moapydje OUeKHBAHO je Ja Cy MOTPOIILE TOKOM OBHX
nepuona cMamyje. [loctToju npernocTaBka 1a €0 CTAHOBHUIITBA TOKOM OBHX JaHa He OopaBH
y rpaiy, Kao U ja Jeo HHAycTpuje (moTpoiuaya U3 rpyne HegoMahHHCTBA) AETHMMHYHO HITH
HOTIYHO TIpecTaje ca pamoM. Tako je, ca CTaHOBHINTA BHCHHE MECEYHE IIOTPOLILE CIEKTPHIHE
eHeprije, 3aHUMIBHBO MOCMATPATH YTHIIA] MPA3HHKA HA OBaj ()eHOMEH.

Y 0BOM MOrNaBJby HCTPAXKY|E CE YTHULA] MpasHuKa (HepaJHHX JaHa) Ha MOTPOLILY eICKTPHIHE
eHepruje W TecTHpa XHUmoTe3a o MoryhHocTu kopumhema TexHuka ML, KOHKpeTHO, paHHje
npegnoxkernor mogena ANN, 3a meno npensuhame 1 TokoM oBHX nepuoia. Ilox TepmuHOM
Hpa3sHUKA C HAjIIpe MoApa3yMesajy Behu BepCcKH HpasHUNH [OIyT npasocnasHor boxnha un
Yckpea. Takohe, osae ce yOpajajy v ApkaBHH NPa3HALH — HEPAJHH JaHH Ha HUBOY PenyGnnke
Cp0Owuje, koje JbyIH KopHCTe 3a 0aMop. Mako He 3a cBe, 3a BEIHKH 0 CTAHOBHHUILTBA 0BO CY U
3BaHWYHO Hepanuu JaHu. Cnuka 4-49 unyctpyje Opoj TAKBHX JaHAa TOKOM CBUX MecelH y
HOCMATPAHOM TIEPHOALY O YUETHPH FOJAUHE.

Bpoj npasHuka y Meceuy (3a nocmaTpanu nepuoa)
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Cnnka 4-49: Bpoj naHa npa3HHKa M0 Mecenuma, 3a IocMaTpaHH NePHO 0 YeTHPH FOIHHE

Anpun Mecell je kKapakTepUCTHYaH Kao Mecell ca HAjBHIIE Mpa3sHHMKa 300T MpaBOCIaBHOT
Yekpea kafga ce mpasHyje of IeTka 10 HOHedes/bKa AOK jaHyap MMa HEIITO Mamhe HepagHHX
JaHa 3aBHCHO O JaHa y HelesbH KaJa naga npasocnasHu boxuh, ntg.

[TpumeTHoO je na mocTojH BenukH Opoj MecelH KOjH HEMajy HH jeJaH ApP)KaBHH HUTH BEPCKH
NpasHUK Ma Cy, Y LIUJBY INTO OOJber cariefaBamba YTHIAja HEPaJHMX JaHA HA TOTPOIILY
eNeKTpUYHE eHeprHje, MpasHUIMMA NPHUKBYYEHH M JaHW BHKEHAA Yy CBAaKOM Mecelly.
Kputepnjym je mocTaB/beH Ha OCHOBY KaleHJapa pagHUX M HepaJHUX JaHa JOCTYNHOr Ha
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[137], 3a cBakH Mecel] Y 4eTHPH TOCMaTpaHe TOJJHHE PecneKTHBHO. Tako je jopMHpaHO HOBO
obenexje koje paHuje HHje OMIO MPHUCYTHO Yy cKymy nopartaka (,,Hepammm mann™) m Guhe
KOopHIINEHO YMECTO paHHje MPUCYTHUX 00eNekja 3a MpasHUKE W JaHe BUKenaa. Cnuka 4-50
unycTpyje Opoj HepaJHHX JaHa 10 Meceluma y3uMajyhu y o03up u 1ane BUKeHA.

Bpoj HepagHux Aada y Mecely (3a nocMaTpadn nepwoa)
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Cmuka 4-50: Ykynan 6poj HepaIHHX JaHa MO MecelMa, 3a TIOCMAaTPaHH TEPHOT O YETHPH TOAHHE

[Topenehn npetxoane ase cnuke (Cnuka 4-49 n Cnuka 4-50) npumehyje ce 1a gjogatu JaHH
BHKEHJa He yTH4YYy IPONOPLMOHAIHO Ha cBe Mecelle Ma ce Ao0Hja Apyraduja pacnofena
HepaJHUX JaHa. 3a aHaIu3y Cy 3aHHMI/BHUBH MECELH Ca HajBUILE OJHOCHO HajMabe HepaaHHUX
nana. MehyTtum, kako noctoju camo jegan Mecel ca Hajsehum OpojeM HepanHUX AaHa (arpHI
Yy [pPBOj NOCMaTpaHoj roAMHM MMa 4ak |4 HepajHMX JaHa N0 JATOM KPUTEPHjyMy) AOK
HEKOJIMKO MECEIH Ha APYroj CTpaHH UMa jeHaK, HajMamH 0poj (8 HepanHux gaHa) moTpedHO
j€ YCIOCTaBHTH paBHOTEXKY Y Moriaeay oOMMHOCTH Mecenu koju he OMTH ToaBpruyTH
TecTHpamy. ¥ TOM IIUJBY, a Kako OH OWo y3er y 003up mro Behu Opoj moTpomaua, Ouhe
M3BpIIEHA TI0Jea Ha TP BelIKe Ipyme:

e TIpBa TpyIa - MECCIHM Ca HajBHILC HCPATHUX AaHa (BUILIC O JCCCT),
e Ipyrarpymna - Mecelt Koji UMajy JeceT W JAeBeT HepaJHUX AaHa H
e Tpeha rpyna - Mecel ca HajMame HEPAJHUX JaHa (Mambe O/l IeBET).

OBakBOM MOJETIOM CE€ NOCTHXKE HajOOJba paBHOTEXka M CAMHMM THM OYEKY]y HajpealHHjU
pesynratd. 3a TecTHpame YTHIlaja HepaJiHUX JaHa UCKopHIIheH je UCTH, paHHje NpelToxKeH
mopen ANN ca HIeHTHUHHM MapaMeTpHMa I1a ce AapXHTEKTYpa MoJiena y OBOM Tornaeiby Hehe
noceOHO HCTHLIATH.

100




Hpazana Knewcesuh Hoxmopcra ducepmauuja

Tecmupmbe ymuqaja RpaznuKka Ha cee nompowtaue u meceue

Y nupy McnoHMTHBama yTHIaja HoBodopMHupaHOT obenlexja, Hajnpe cy, Ha cnelehoj cauum
NpHKA3aH{ pe3yaTaTd Jo0Hjenn y3uMajyhn y 063Hp cBe MoTpolIaye U CBe Mecelle Y TOAHHH
(Cmka 4-51).

[Topenehn nobujene pesynTate ca paHHje JaTHM pe3yJTaTHMa y OKBHpY mornassba 4.3 u 4.4,
IPUMETHO je Aa Ce TeXIba MOoJeda Ka MHHHMYMY M IErOBa KOH3MCTEHTHOCT OJpiKala.
Ilpoceuna amcolyTHa MpOLEHTyalnHa TIpelllka caja M3HOCH 4,57% u KoeduimjeHt
nerepvunanuje (R?) je nemro sehn o1 98%, mro npencTassba oapelen HaNpeaak y 0HOCY Ha
pesynTaTe paHuje npeanoxeHor Mogena (4,63% 3a cpenmwy npoueHTyanny rpemky u 97,87%
3a R?). Opaj Gnaru Hanpenak OM ce MOTJIO MPHUIUCATH YTHIAjy HOBOGOPMHUPAHOT obenexja
mro he OMTH TecTUpaHO Ha TpPH TPyNe MECELH, paHuje (popMHpaHe TpeMa Opojy HepagHHX
JaHa.
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Cnuka 4-51: Tujarpamu npaheHnx MeTpuka npeaiokeHor ANN Mofena HaJl CBHM NoJjalluMa, ca
nonatHuM obenexjeM (,Hepaguu nann®)
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Tecmuparwe ymuuaja RpazHuKa MoKoM Mecell ca najeutie nepaonux oana (npea zpyna -
euuie 00 10 nepaonux dana)

PesynTatu n1o0HjeHH NpeAHKLIM]OM NOTPOIILH SJISKTPHYHE EHEprHje mocMaTpajyhn Mecelle ca

Hajsehum Opojem HepaguKX qaHa aaty cy Ha cineachoj cnmim (Cnuka 4-52).
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Cnuxa 4-52: [Tnjarpamu npaheHnx MeTpHKa 33 NPBY TPYIY MeCeln

103




Hpazana Knewcesuh Hoxmopcra ducepmauuja

Kao u pannje, Mofen nokasyje H3y3eTHY KOH3HCTEHTHOCT y TEXKHH K& MAHAUMAIHO] TPEIIy
KOja 3a MpBY TPYIY MECELH ca JeceT HepaqHuX AaHa u3HocH 4,79% y3 Mpelu3HOCT Mofena
oapeheny xoepuujeHTOM AeTepMHUHALMje 01 97,9% .

Tecmupame ymuuaja npaznura moxom meceyu ca 9 unu 10 nepaonux oana (Opyza zpyna)

Pesynrati nobOHjeHH TPETUKIIAjOM MOTPOLILH €JIEKTPUYHE eHeprHje mocMarpajyhu apyry
rpymy Mecel (Mecelle ca JeBeT U JIeCET HepaJHHX JaHa) natH cy Ha cnenehoj cauuu (Cruka
4-53).

[ToHOBO MOJIET TIOKA3Yje H3Y3eTHY KOH3UCTEHTHOCT Y TeXEbH Ka MUHHMAIHO] TPEIIH Koja 3a
OpBY IPyNy Mecelll ca HajBUNOIE HepagHuX JaHa u3HocH 4,83% y3 Openu3HOCT Mojerna
oapeheny koedunujenToM aeTepMuHaIHje o1 98%.
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Hokmopcra ducepmayuja
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Cnuxa 4-53: [Tujarpamu npaheHHX METPHKA 3a IPYTy TPYIY MeCelH
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Hpazana Knexcesuh

Hoxmopcra ducepmauuja

Tecmupare ymunaja npaznuKka mokom meceyu ca najmarse nepaonux dana (mpeha zpyna

- marse 00 9 Hepaonux oana)

PesynTatn n1o0HjeHH npeHKLIM]OM NOTPOIILH SJISKTPHYHE EHEpPrHje mocMaTpajyhu Mecelie ca

HajMamuM OpojeM HepagHUX JaHa JaTH cy Ha cineachoj cmumm (Crmka 4-54).
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Cnuka 4-54: [Tujarpamu npaheHux MeTpHKa 3a Tpehy rpymy Mecenu
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Hpazana Knewcesuh Hoxmopcra ducepmauuja

Kao u paHuje, mpeanoXeHH MofeNn NOKadyje H3y3eTHY KOH3HUCTEHTHOCT Y TEXIBH Ka
MHHHMAJTHOj TPEIIIHN KOja 3a IpBY IPYIY MECEIH ca HajBUILIE HepaJHMX AaHa u3HocH 5,15%
¥3 IpeM3HOCT Mojena onpeheny koeduuujeHToM AeTepMuHauuje oa 97,72%.

Tabena 13: Pesynrarn ucnurueama yruiaja Opoja HepaJHHX JaHa H3PAKEHH [IPEKO METPHKA
esanyauje ANN monena

Ckyn mojgaraka RMSE (%) MAE (%) MAPE (%) AR? (%)

TecTuparme 3a NPBY IPYMY MECEIH - ¢a 6.88 473 4.79 9791
HajBHIIE HepaaHHX aaHa (Bume ox 10) i i ’ ’

Tectupame 3a ApyTy TPyNy MecenH - ca 9 u 6.90 4.69 483 98 07
10 nepaguux nana ’ ’ ’

TE:L'.TP[[]aH:E: 3a rpehy rpyny meceuu - ca 721 498 515 97.72

HajMame HepaJIHHX JaHa (Mame of 9)
Tectuparme 3a 1eo (0a3HH) CKYI MoagaTaka 6.69 4.49 4,58 97 87

PesynTaTi K/bYy4HHX METpHKa NPHKa3aHU Ha NpeTxonHuM cnukama (Crnuka 4-52, Cnuka 4-53,
Cnuka 4-54) ny Tabenu 13 norepljyjy aa ce yTuiaj 6poja npasHuka (HepaJHHX JaHa) y MeceLy
MOXKE YHOTPeOMTH y KOPHUCT CIIOCOOHOCTH Mojena ja MmpeiBuha MeceduHe NOTPOILILE
eNeKTpUYHE eHepruje W y CKYIY XeTeporeHHX MOTpollladya KakBH Cy Ha MOApPY4jy Koje je
npeaMeT UcTpaxkuBama. TuMe je moTBphena apyra noceGHa XUIOTe3a 110 KOjoj ce TEXHHKaMa
MAIIMHCKOT yuelba, a npeBacXoaHo nomolly ANN Mory npeaBHAeTH NOTPOLILE eIeKTPHIHE
eHepruje U 3a JaHe NpasHHKa (HepagHux JaHa). McTuHa, 1oOMjeHH pe3ynTaTH NOTEHILMjaNHO
MOTY YHAmpeIuTH HOoJaTHMUM TmpunarohaBameM TapaMeTapa MofAeNa MIH ApyTadydjoM
ApXUTEKTYPOM MOJelNa, alli je b OBOT paja Ja ce pasBhje YHUBEp3anaH MOJeN KOjH MOXe
pelaBaTH pasIHYUTE NPoOIeMe MOBE3aHE ¢a MPCANKIIH|OM IOTPOIILE CICKTPHYHE CHEPTH]C.

Kon pazBoja Mmonena 3a onpehuBame yruaja npasnuka aar je y suay npunora ([Ipumor 11).

4.5. ANN mones 3a noapmky KJIacH()HKAIHjH NOTPoOLIAYA eJIeKTPHIHE eHepruje

45.1. MojaeJ 3a oape)uBame 30He NOTPOII €

Hepetko ce jaBiba motpeba ¥ 0 KnacH(HKAMjH NOTpOLIaYa HAa jEAHOM IPOCTOPY H TO IO
Pa3MHINTUM KPUTEpHjyMHUMa. Y CKJIafy ca IPeTXO0AHO NpeacTaB/beHHM MOAEIOM 32 MOAPIIKY
npeasuhamy notpommke enekrpudne enepruje y kWh ymorpedom cnojera Hopmanmmsaiuje
TeXXHHa H HopManu3aHje aktuBanyja y cinojy (WNL n LNL cnojesa) npupoaHo je ouekHBaTH
Jia cC UCTH CIIOjCBH MOTY MMILICMCHTHPATH H Yy MOJCH 3a KIacH(pHKaIHjy MOoTpolada. Y ToM
nornefy, 3aHUMJBHBO je OaBUTH ce mpeiBul)ameM 30HE MOTPOLIHE 3a CBAKOT MOTpoINaua,
oapeheHy y 3aBHCHOCTH OJ1 OCTBapeHHX MOTPOIIBH [56].

Ha mocmatpaHoM MoApydjy MOCToje TPH 30HE Y CKIady ca BUCHHOM OCTBapeHe MOTPOILILE
[129]:

- 3eneHa 30Ha — 10 350 kWh,
- 1maBa 30Ha — o1 350 mo 1500 kWh,
- upseHa 3oHa — npeko 1500 kWh.
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Hpazana Knewcesuh Hokmopcra ducepmayuja

HerpaxkuBameMm ckyna nojgartaxa (Kako je M paHHje NpHKa3aHo y nornaeiby 4.2) yTBpheHo je
Jla BeoMa Many Opoj moTpoIiada MMa NOTPOILILE Y HajBHINO] 30HHM, a HajBehu O6poj noTpomaya
Mmeceuno notporm u3mehy 350 u 1500 kWh (Crmxka 4-55).

Bpoj noTpowaya No NoTpowWwaYykum 3oHama
UpeeHa 30Ha
85
0%

3eneHa 30Ha
495,146
45%

Mnasa zo0Ha
610,015
55%

Cnuxa 4-55: [otpomayn npeMa 30HaMa ( BACHHH ) TOTPOILIELE

Y ckmamy ca NpeTXOAHUM, Pa3BHjeH je Mojen 3a npeasuljame 30He MOTPOIILE CAYHILEH O
HIEHTHYHHX CJI0jeBa Kao MoJie b 0 KoMe je O1ito peun y npeTxoaHoM nornaeisy (Cnnka 4-56).

ULAZNI SLOT | input:
InputLayer outpu:

[(None, 91}] | [(None, 21}]

weight_normalization_12(WNL_1) | wput:
WeaghtNonmalization(Dense) output:

(None, 1) | (None, 91}

LNL 1 mput:
LayverNomnalization | output:

(None, 91) | (None, 91)

weight normalization 13(WNL 2) | mput
WeightNommalization(Dense) output:

(None, 91) | (None, 91}

INL 2 mput:
LayerNommalization | output:

(None, 91) | (None, 91)

weight normahization 14(WNL_3) | mput
WeightNonualization(Dense) output:

(None, 91) | (None, 91}

LNL_3 input:
LayerNommalization | ouftput:

(MNone, 91) | (None, 91)

weight_normalization_15(IZLAZ) | nput:
WeightNormalization(Dense} onfput:

(Mone, 01) | (Mone, 3)

Couka 4-56: [IporpaMcka 1wraMia apxMTEKTYpe MoJiena 3a npejsul)atbe 30He NOTPOLLIEE
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Hpazana Knewcesuh Hoxmopcra ducepmauuja

3a pasmHKy Of paHWje MPHUKA3aHOT PEerpecHOHOT NpobliemMa, KOJ Kora ce aKTHBaIlMOHa
(yHKIHMja He MpUMEBYje Ha M3JIa3HH ¢10j, Beh ce nuHeapna koMOMHALIMja yila3a KOPHCTH Kao
pe3yaTaTt Mojiena, y cIy4ajy KnacH(uKkaluje Ha U3a3y U3 Mpeke oBa ()YHKIHja je HEONX 0 Ha
3a JoJesbHBame BepoBaTHOhA MPHUMNaJHOCTH CBakoj of kareropuja. Tako je, y ckiamy ca THM
ogabpana softmax akTHBallMOHA (PYHKIHMja 33 aKTHBAIMjy HEYPOHA Y CBUM CKPUBEHHM aIH H
H311a3HOM CIOjy.

Pesynratu Mozmena noTBphyjy odekuBama Ja ce MOJENIOM ca CIOjeBAMA ca HOpMAalH3allijoM
TEKHHA MOJKE ca BEJTHKHM YCIIEXOM HM3BPIIUTH U Npesulhame NoTpomauke knace y kojy he ce
NOTpOIIAY YKIONUTH HAa OCHOBY MNo3HarTHX mnapamerapa. Cinuka 4-57 nokasyje TpeH[
IpeU3HOCTH MOJIeNa Kpo3 LHKIyce o0ydaBama (enoxe) npukasyjyhu npenmsHoct Mojena Ha
TPEHUHT CKYITy (IJ1aBa THHH]A - Acc) U Ha BAIUJAHOHOM cKymy (1pBeHa muHHja — Acc Val), a
Cnuka 4-58 naje nporpaMcKy IITaMITy OCTaJIMX pe3yiraTa Koje NOCTHXKe MojieH (IPeH3HOCT,
ono3us u Fy mepy).

Hajenwa Tayxa npeumanocTu: 0.9544
MpeuwaHocT MoAEena 3a KNacnukaumjy TOKOM TpeHuHra Enoxa (umknyc): BB

7—Acc - - __/

0.85 4

MNpeunskocT

0.75 4

0.70 4

4] 20 40 60 80
Enoxe {unknycu)

Cnnxa 4-57: JlujarpasM npenyu3HOCTH Mo/1ela Ha TPEHHHT H BATHIAIOHOM CKYITY

precision recall f1-score  support

©.95 0.96 0.96 105032

1 .95 0.94 9.95 81131

2 0.00 0.00 0.00 21

accuracy 0.95 186184
macro avg 0.64 0.63 .64 186184
weighted avg 0.95 0.95 0.95 186184

Crmka 4-58: TIporpaMcka mramma pe3yarara NpeiHKIije MOTPOIIadyKe 30He
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Ha yxynny npenmsHoct Mojena Hajeuile yTuae Tpeha kiaca, Tj. MOTPOIIAYH KOJH NPHIALA]y
LIPBEHOj 30HM (K1Iaca ca o3HakoM ,,2°, Cnuka 4-58). Bpennoctu Fi Mepe 3a cBaky ox kmaca
NOKa3yjy Aa MojJen MMa moTemkoha ca MAEHTH(HKAIM]jOM ynpaBo oBe knace. Manu ©poj
HOTpOIIAYa ca BHCOKHM MOTPOLIHaMa KOjH Ce HaIllao y CKYMY NojaTaka HAKOH OfICTpamUBarba
CBHX EKCTPEMHHX H ayTiajep BpeAHOCTH He 1ajy MoJIeTy JO0BObHO HHpopMaIija 1a 61 HaydHo
IbUXOBO TIOHALIAKE TOKOM TPEHHHTa MOfeNa, na y (pasH TecTHpama CBH OBH NOTPOIIAYH
0MBajy MOTpenHo KIacu(hUKOBaHH.

Pesyntatn nmpenmsnoctu maté kpo3 Matpuny kondysuje (enrn. Confusion Matrix) (Cimka
4-59) nokasyjy na je Hajsehu Opoj noTpolada Ta4yHO KIacH()UKOBaH, y 0AroBapajyhy 30Hy.
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Cnuka 4-59: Matpuna koHdy3uje 3a npeapul)ame 30He O TPOUTHE

Martpuua nokasyje aa Mojen uMa Onare HegoymHLe cBperaBajyhu onpelhen 0poj noTpornaga
(=2%) y 3eneHy 30HY JOK OHH 3allpaBO NPHNAJajy NIaBoj U oOpaTHO y H3HOCY 01 ~2,5%. Cse
noTpolIaye Koju Npunajaajy kateropuju ,,Lipsena 3oHa", a HaIlLMHK ¢y ce y TECT CKYTMY, MOJEN
jé TOrpelHo NPeno3Hao Kao MOTpolllaye IIaBe 30HE INTO je 3acCHTYpHO TIOCNegHLa
Masi00pojHOCTH TTOTpoIIaYa NpHaaHuKa npeere 30He (Cruka 4-55).

Ha ocHoBy BpegHOCTH MpHKa3aHUX Y MaTPHLM KOH(]Y3Hje H Ha TUCTUHTY JaTOM Ha CIULU -
Cnuka 4-58, Mory ce u3padyHaTH U Jpyre OMTHe Mepe, JaTe y nornorinasasy 2.2.1, kao mwro cy
TPR,TNR u FPR: TPR = 0,946, TNR = 0,96, FPR = 0,038. Bucoke BpeaHOCTH NPBE ABE MEpe
(TPR, TNR) yxa3yjy Ha 3agoBo/baBajyhy cnoco0HOCT Moaena Ja KaacH(HKyje MoTpolaye y
oaroBapajyhy moTpolnauyky 30HY NpeMa IHXOBHM oco0MHaMa M NOTPOIImbaMa M3 paHHjer
nepuona mTo noTephyje  HUcKka BpenHocT nocnenme mMepe (FPR). Bpennocr TPR ox 0,946
yKkasyje Aa je Mojen criocobaH Ja HASHTH(HKYje CTBAPHO MO3HTHBHE NpUMepke y kiacH, TNR
ca Takohje BUCOKOM BpeaHoIIhy NoKasyje [1a je y cTamy Ja MASHTH(PHKYje U CTBapHE HETaTHBHE
uHcTaHne y kmacu, ok FPR ox 0,038 ykasyje Ha To ja Moaen peTKO NpaBU TPELIKy
WIeHTH(UKaIHje HeraTHBHAX HHCTAHIIH KA0 TIO3UTHRHHX.

K&1 passoja mozena 3a oxpelusame 3one norpounse aat je y suay npunora ([Ipumor 12).
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452. Mopen 3a ogpe)uBame ce30HCKHX NIpoMeHa

U panuje je mokazaHo J1a ce30HCKe MPOMeHe (CMeHa TOIMIIBUX 100a) HMajy OCETHOT yTHIaja
Ha BHCHHe MoTpomkH (nornassse 4.2, Cnuka 4-16, Cnuka 4-17, anu u Ciuka 4-35). Umajyhu
Y BHAY OCLHIALMje TOTPOLILH MPOY3POKOBAHE OBUM NPOMEHAMA jaBJba CE MPETIOCTABKA Aa
ce paHHje IPUKa3aHd MOJEN MOXKe YIIOTpeOUTH U 3a npeABrlame ce30HCKUX npoMeHa. Cuka
4-60 noka3zyje nNporpaMcKy MTaMIly apxUTeKType MoJeNa 3a npeauhjame ce30HCKHX TPOMEHa.

ULAZNI SLOT | input:

[(None, 80)] | [(None, 80)]

InputLayer output:

weight normalization(WNL 1) | mput:
WeightNormalization(Dense) | output:

(None, 80) | (None, 80)

INL 1 mput:
LayerNormalization | oufput:

(None, 80) | (None, 80)

weight normalization 1(WNL_2) | mput:
WeightNormalization(Dense) output:

(None, 80) | (None, 80)

ILNL 2 mput:
LayerNormalization | oufput:

(None, 80) | (None, 80)

weight normalization 2(WNL_3) | mput:

. — (None, 50) one, 80)
WeightNormalization(Dense) output: ™

LNL 3 mput:
LayerNormalization | oufput:

(None, 80) | (None, 80)

weight normalization 3(IZLAZ) | input:
WeightNormalization(Dense) output:

(None, 8§0) | (None, 4)

Cnuka 4-60: [Tporpamcka 1mramna (I1emMa) apXuTeKType MoJiena 3a npensul)ame Ce30HCKHX MPoMeHa

PesynTatu xoje naje momen (Cnuka 4-61) u y oBoM ciy4ajy moHoBo NoTBplyjy ouekuBama aa
C¢ NPCATOKCHHM MOJCIOM MOJKE TIPCILIH3HO HPCABHACTH MPOMCHA CC30HE (TOJHILLET 100a).
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precision recall f1l-score  support

0 1.00 1.00 1.00 49372

1 1.00 1.00 1.00 47133

2 1.00 1.00 1.00 45048

3 1.00 1.00 1.00 44631

accuracy 1.00 186184
macro avg 1.00 1.00 1.00 186184
weighted avg 1.00 1.00 1.00 186184

Cnnxa 4-6 1: [IporpaMcka 1mraMina pe3yiTaTa NpeJHKIHje Ce30HCKHX NpoMeHa (FoAnIIB X 100a)

Cnuka 4-62 mokasyje TpeHI TNPEHH3HOCTH MOJeNia Kpo3 [UKIyce oOydaBama (emoxe) Ha
TPEHUHT cKyNy (I1J1aBa JIHHUja) U Ha BaJUJAl[HOHOM CKYTYy (HapaHyacrta JTHHHja). JacHO je ma
jeMogen 6p30 OCTHTa0 BUCOKY NMPEIIM3HOCT KaKO Ha TPEHHHT TAaKO M Ha BAIUJALIHOHOM CKYITy
nojaTaka. Tadan pacnope] Mpeaukiyja Mo Kiacama JaT je y MaTpuuu koHdgysuje (Crmmkxa
4-63).

Hajenwa Tauka npeunsHocTy: 1.0000
. Enoxa (unknyc): 44
MpeunsHOCT Mogena 3a KNacugUKauWjy TOKOM TPEHWHra

1.04 __L

0.94

=
o

MpeunsnocT

o
~

0.6

— Acc
Acc Val

1] 10 20 30 40 50
Enoxe {umknycu)

Cnuxa 4-62: JlujarpasM npenyu3HOCTH MoJ1eIa Ha TPEHHHT H BATHIALMOHOM CKYITY

[Tpema nmopmanmma n3 matpuue koHgy3uje (Cnuka 4-63) y uuTaBOM TecT cKymny MoOJel je
HETA4HO KIacH(PHKOBAO caMO JBC MHCTAHIIC LITO jOII j¢IHOM NOTBplyjec meroBy Benuky Moh
Ja IpeaBUIN CE30HCKE MPOMeHe.
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Cnuka 4-63: Marpuua koH(y3Hje 3a npeaBuljamke CE30HCKUX MPOMeHa (TOTUIIBLUX 100a)

Kako 6u ce mogaTHo yTBpauna NpeLM3HOCT MOJeNa, MOHOBO, HA OCHOBY BpPEAHOCTH H3
Mmarpuie KoHdysuje Mory ce nspadyHaru u apyre 6uthe mepe. Bpennoctn TPR u TNR y
msHocy oa 1 (mpeumsuuje 0,99999) u FPR=0 roBope o HEBEPOBaTHO BEIMKOj CIIOCOOHOCTH
Mojena Ja Mperno3Ha Ce30HCKe NPOMEHE Ha OCHOBY KapaKTEPHCTHKA MOTPOIIAaYa JOCTYIIHHX Y
CKYTy noJaTaka.

K6n pa3zsoja moaena 3a oapehuBame ce30HCKUX MpoMeHa aart je y Buay npuiora ([Ipunor 13).

Ilprkasana Ompenu3HOCT Mojena NpH oipehuBamby 30He NMOTpOIIme U ofpehuBama ce3oHe
(romuummer 100a) y CHHEPTHjH ca paHHje NPHUKA3aHHUM pe3yiTaTHMa O npeaBuhamy BHUCHHE
HOTPOIILE eNeKTPHYIHE CHepTHje Y 0jeIHHHM JelI0BHMA FoAUHe (MecellHMa HIIH TOAHIIBHM
pobuma) WM 1oj yTHLUAjeM I[pa3HHKa TOKOM Mecela, joll jeJHOM norBpljyje Ha noyerky
NOCTaB/bEHY XMIOTE3y Mo Kojoj ce TexHukama ML, a mpesacxomnHo momohy ANN mory
npeIBUAeTH Nepuoau noBehaHUX MOTPOLILY eIeKTPHUHE eHeprije KakBH Hajuelnhe HacTajy
ycleq mpoMeHa TogHIILHX q00a. Bucok, rotoso 100% cTeneH npeH3HOCTH y mpeABHNamby
CE30HCKHX TPOMEHa M TOTOBO MCTO TOIHMKO Yy ojpehuBamy moTpolauke 30He Moxe nomohn
JUCTpHOYTHBHUM KOMIAHMjaMa Yy yHampeljemy MnaHupama IPOM3BOAILE U AUCTpUOyLHje
eNeKTpUYHEe eHepruje y ckiagy ca oBUM mpomeHama. Takole, umajyhu y BUIy ycnemHocT
NpeAJIOKEHHX MoJena 3a KIacH(HKalMjy paHHje MOMEHyTa alulHKaiuja 0M Mmorima OUTH
HPOIIHPEHa U KIacH (PUKALIHOHAM MO YJIOM.

4.6. Ansnkanuuja 3a npeasulame NoTpouIsH, HaMelbeHa KPajibeM KOPHCHHKY

I[Ipernegom qoCTynHe HaydHe JHTEpaType H ped)epeHTHHX pajgosa, HHje npoHalieH pazsujen
CHCTEM KOjH OH MOTa0 ja OATOBOPH HA CBE MpefodYeHe cnenupuIHOCTH npobnema npeasulama
enektpuune enepruje. Umajyhn to y Buay 3ajenHo ca BakHOmhy OBOT HCTpaXkUBama H
pe3ynTaTa TPHUKA3aHUX y JOCANANIKEM W3aramy, Hamehe ce uieja o pasojy cuctema
(arnmkanuje, AecKTonm W/HIM MOOHIHE) 3a TpeaBubame MecedHe MOTPOLILE elNeKTPHYHE
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enepryje. [Ipeanoxenu cuctem 61 610 3acHOBAH HA 00YIEHOM MOy KOjH ce Kpo3 pesyaTaTe
OBOT HCTpakMBama IO0Ka3a0 Kao Hajycremnuju (Mogen tuna b, Cuuxa 4-37). Y camoj
amMKalMjd OW y3 TpPUMEHY HEKOr o NpeJIOKeHHX THIIOBA KIAcTepOBama KpajibeM
KOPUCHHKY Oullo oMmoryheHo f1a Ha BpNO jeAHOCTaBaH Ha4MH J00Hje WHpopmanujy o
HPOLEH-EHOj KOMHUMHH [TOTPOLICHE eHepTHje 3a oapel)enn Mecel| y TOAHHH.

Jenna TakBa amnukammja - Cucmem 3a npeosuliaise nompoutrse erekmpuune enepeije (€Hri.
Electricity Consumption Prediction System, ECPS), npencrasibena u y [54], 6u npyxuna
KpajlbeM KOPHCHHKY 3HaudajHe MH(opManuje o 0OMMY OUYCKMBAHE MOTpouILe y3umajyhu y
003Hp HEKOJIHMKO MO3HATHX KapaKTepHCTHKA TMOTpollada M Npey3uMameM Jefa TojaTaka U3
jaBHO TOCTYHMHHUX H3BOpa Ha MHTEPHETY (0 TeMIepaTypH, BIAKHOCTH Ba3ayXa, MOTPOIILH U3
HPeTXOJHOT Mecelia HT).

Cnuka 4-64 npaje rpyOM mpuka3 apXUTEKType ariiMKamuje 3a TnpeaBuhame MOTpOIe
eJIeKTPUYHE eHepTHje KOja Ce Y OCHOBY CACTOjH U3 TPHU TIIABHA MOIYJIA:

. mpenpouecuHr nojaTaka,
2. onmabup mMofena M THIA KIacTepU3alHje,
3. MHTepaKTHBHH HHTep(ecjCc 3a KOPHCHHKA.

I1pBu Moayn ce ofgHocH Ha a3y MPHKYMIbamka MoJaTaka, OTHOCHO, (ha3y KaJa ce yHOCe HOBH
noganH Koju he ydecTBoBanM y TpeHHpamy Mpexke, kako 0u seh 00yuen monen 6uo y npununn
Ja Hay4d M W3 HOBHX Nojaraka. ¥ oBoj (asu ce BpIIM M ogadup THUMNA KIacTepoBaiba.
Kopuchuky ce Moxke 0CTaBUTH MOTYRHOCT Ja MIIak caM OJTy4H KOjH Off THIIOBA KJIacTepoBarba
he omabpaT y3 cyrecTHjy Ha OHaj KOjH ce 0 caja HcTakao kao Hajoossu. [Topen Tora, moxe
Ce OCTABUTH M MOTYNHOCT 3a CTanHy HaArpajgiby HOBHM THIOBHMA KIacTepOBamba. 3aTHM ce
NoJaly Koaupajy U CKalupajy H Ha Kpajy clelu IOocCTaBsbamke BPeAHOCTH XUIleplapaMeTapa,
01a0UpOM MPEANIOKEHHUX HIH TOCTABJbamheM MOTIYHO HOBUX BPEIHOCTH.

Jpyru Moayn ce ognocu Ha Mojen ANN u ogabHp ucTor, ITo 01 NoJpasyMeBano MoJAen THIA
5 yxomnko nHe moctojm Apyrd, OosbM MoAen. 3aTMM ce BpIIM eBalyalMja M IITamma
HPOTHOZHPAHHX MOTPOLIH.

Tpehn Mogyn mpencTaBba KOMyHHKAIMjy ca KOPUCHHKOM Kpo3 (opMy ca mosbuMa rjie ce
yHOCE KapaKTepHCTHKe MoTpolllada Ha OCHOBY Kojux he 6HTH H3BplueHO NpeaBulame.

Pa3eoj oBakBe annukaiyje noTphyje 1 y IUPEKTHO] je BE3H ca NOCHeImkoM, IIECTOM NOCE0HOM
XHIOTE30M 110 KOjOj C& IPUMEHOM Pe3yIITaTa IpeAHKIHOHOT MoJena Buieciojue ANN moxke
M3BPIUMTH [UIaHupame 00e30ehema noTpeOHUX KOJNMYHHA CICKTPHYHE C€HEpPruje 4uMe ce
oMoryhyje H yCIocTaBIbame CTADHITHOT, HECMETaHOr CHa0IeBama eNeKTPUIHOM eHEepTHjoM Ha
oapeheroM moapyujy.
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Mpukynrsakwe nogaTaka

E% ﬁ (1) Moaauu o noTpolkama

KnactepoBare nogataka |

TpeHupawe mogena

Mogen B / KnactepoBate Tuna l MPEAMKUWJA NOTPOWIE ENEKTPHYHE EHEPTHJE
iy g ok 1 YHor nogaTaka o noTpoWay:
Kareropwja norpowava:
Tpyna notp (1)
3oma y kojoj mMeuTe:
Fopwumwegoa: [
Meceyyrogmmm:
Nperxoana noTpousa: |
MoTpowsa npe 2 mecey:
Mpoceyna notpowrsa: |
TipocesHa Tenepaypa y Mecey: |
MoTpowayka 3oHa:

- restan —— "I

Cruka 4-64: [pybu npuka3 apxuTeKType alUIMKalHje 3a npeasubare NOTPOLIE eNeKTPHYHE
enepruje [54]

Mpegenan NoTpoW kY
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5. JUCKYCWJA YCIIEINIHOCTH NPEJVIOXKEHOI' MOJIEJIA

Kako je Beh paHuje momeHyTo, CKyn mojaTaka KopvmheH 3a TPEHHHT H TeCTHpambe
npeanoxenor ANN Monena caapku mojaTKe O INOTPOLIbaMa €IEKTPHYHE eHeprHje
HOTpoIIaYa Ha TEPHTOPHjH rpada Yoxkuua. CKyI cagp>ku Mpeko MUJHOH 3aMuca O oTpolhaMa
NPUKYIIJLEHHM Y IIepUOLY OJ 4eTHPHU NocMaTpaHe rofuHe, 3a npeko 40.000 MepHUX MecTa.

[IpennoxkeHuM TIOCTYTIKOM, PACHOJOXKHBH, WHHIIHjAJIHH CKYIN MOJaTaka je aXypupaH H
JIOTMyHEH OaroBapajyhuM KapakTepHCTHKaMa MOTpomiada W amOHjeHTa. YKbyuyjyhu u
METeOpOoJIONIKEe OIJUKEe ald H (OopMHpamkeM HOBHX o00elekja Ha OCHOBY mocTojehnx
KaJIKyTaTHBHUM MeTofaMa, (gopmupan je (QMHAIHH CKyN KOjH MOJAENY Mpy’a JOBOJBHO
uH(opManyja 3a Bpio npeuusHo npeasuhame. 3a ¢opmupanu ckyn odenekja yrephena je
HBUXO0BA Mel)y3aBUCHOCT H BaXKHOCT 32 TMOCTH3AMmE [HJbA - YCHEUHO Npeasuhame MeceTHHX
HOTPOLLILH eIeKTPHUHE SHEpPrije Kako 3a [0jeIMHAuHOT MOTPollaya Tako M 3a TpyIe.

3a pasnuKy 0 UCTPaKUBALA Y KOjUMA ce KOpHCTe KoNekuuje ABe unu Bunle Texunka ML (xao
Ha npumep y [47] 1 [44]), n HacynIpoT H3pHYIHTHM TBpAmbaMa ayTopa y [45] HyKHOCTH BUXOBe
ynotpebe, Mofien MpHKasaH y OBOM HCTpakuBamy Oasupan je uckbydnBo Ha ANN, a
NPETXOIHO MOITIABJbE N0Ka3yje HKErOBY CYNEPHOPHOCT Y pelllaBalky KOHKPETHOT npobiema y
0JHOCY Ha HEKOJIMKO HajIomynapHUjuX TexHuka ML.

PasBujen je opuruHamHu Mojen 3acHoBaH Ha ANN Kkoju je y cTamy Oda mpeasuha mecedne
HOTPOLILE Y CKYIY XeTePOreHHX MOTpollaua KakBH CY Ha TePHUTOPHUjH jeJHOT Tpaja, ca CBUM
crneuru(pUIHOCTHMA KOje jeHO CIIHYHO MOAPYYje MOKE Ja UMa.

Mogjen je oOyuaBaH, a 3aTHM M TeCTHpaH HaJ XPOHONOLIKH MopehaHuM nofanuma, Kao mTo je
To ypaheno y [147]. V oBoM ciyd4ajy 3anucH o HOTpOIUBAMa IPBe TPH TOJHHE Ce KOpHCTe 3a
TPEHHHT MOfJENa JOK Ce MOoJalH H3 MOcledlike KaleHAapcke IOAMHE KOPHCTE 3a IbEroBO
TECTHPALE.

Yonmreno rosopehn, npeanoxenn mofen (Mogen 5) MCTHYE ce 3HATHO MCNped KIaCHYHOT
MOjIeNna ca yCTHM CIIOjeBHMA, HCTHX BPEIHOCTH XUIEprapaMeTapa. Y CIENIHOCT MOJENa ce
Orfiefa Kako y HeroBoj KOHAYHO] MPEU3HOCTH TaKO U M0 KOH3UCTEHTHOCTH M CTAOMIHOCTH.
OBo je IpUMETHO He caMoO Y Morieay obpaie XeTeporeHor (UHTaBOT) CKyna mHojaTaka Beh
noceGHO y MojeIHHAYHAM KIacTepHMa.

IlpeanoxeHoM METOLOIOTH]OM MOAENE CBUX MOTPOIIAYa Ha XOMOTeHHje KIacTepe HOCTHKY ce
npenusHUja npeauhamba 04 OHMX JOOMjeHMX y YHMTaBOM CKyny TOJaTaka, HacyHIpoT
3aKkJbydluMa 10 Kojux cy 2018. mommm aytopu 3exuh m Cyman y [60] anu y cknagy ca
3aKkJbydnuMa npukazanum y [50] u3 ucte rommme. [lokasano ce ma mpeanokeHH MocTymak
H3/Bajarba XOMOTEHHjHX TpyIa MOTPOIIaya MIIH MOCMATPamhe Mamer BPEMEHCKOr OKBHPA 34
TPEHUHT M TeCTHpame MOoJena, SoIpHHOce yOp3amy Ipoleca W 4ak MOAH3amby CTeleHa
IPeU3HOCTH MOJIENa.

Y cnydajy mpeiloxkeHOr KiacTepoBama muna [l mocTurayTu cy Oo/bH pesydTaTd 3a
NOTpoLIAaYe U3 KaTeropuje HeioMahMHCTBA Y OZHOCY Ha OHE MpuKa3aHe y [15]. Aytopu y [15]
rocMarpajy jeJHy XOMOTeHH]jy TpyTy MOTpolllada, HCK/bYYHBO HHAYCTPHjCKe MOTpolIaye, ca
3HAYAjHO CIIMYHMM IOHAIIAKLHMA Yy TOriely OMnaHca MOTPOIILH M MOTPOIIAYKHX HAaBUKA Y
0JHOCY Ha OHE y LIHUJBHOM CKYTIy OB€ JHCEpTalHje.

Pesynratu mpukazanu y oBOj AMCEpTaljH MOKa3yjy Ja ce H Ha IPOCTOpPY ca pasHOBPCHHM
NoTpolIa4YMMa KaKaB jeé Ha TEPUTOPHjH Tpaja Yiuna moryhe M To ca BenukoM TayHoluhy
NpeIBUIETH MOTPOLLIILE HA MECEYHOM HHBOY, IITO jé HACYNPOT TBpAmama ayTopa y [13] ma ce
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MoTpolIma EJICKTPHYHE enepmje MOXKE MNpeIBHICTH CaMO akKo C¢€ nocmaTpa je;[au THII
noTpoiiia4da.

He camo 1a je To moryhe, Beh je anconyTHa rpenika kojy [1aje NpeaaoiKeHH MO Y H3HOCY Of
~5% 3a cBe NOTpOIIAYe y YMTABOM CKyny W =1% 3a 10jeiHHaAYHOI HACYMUYHOI 1OTPOLLAYa
4aK HEKOJMKO MyTa HIKA Of HAaJHIDKE KOJy CY ayTOpH MOCTUIIIH Y UCTPaXKUBaIby PHKa3aHOM

y [53].

AKO ce Kao Mepa YCIeITHOCTH Mo/iena y3Me KoehUIIHjeHT JeTepMUHalLIHje, IPEII0KEHH MOIeN
y OBOj AMcepTaumju (Moaen b5) je ycnelHHjH 0 Mojena IPeIoKeHOT 01 cTpaHe ayTopa y
[32]. AyTtopu vy [32] TecTHpajy NpeaNOKeHH MOAEN HAa CKyNy CJIMYHHX NOTpoLIadya,
CMEIITEeHNM Ha OTPAaHMYEHOM MPOCTOPY Y OKBHPY YHHBEP3MTETCKOI Hacesba M HMOCTHXKY
TAYHOCT HA TECTHOM CKymy usmely 95% u 99% (uspakeny kpo3 koeduuujent R?). Taunoct
NpeIOKEHOr MOJeTIa OBE JHUCEpTallije M3pakeHa Kpo3 McTH KoeduuujeHT uinocu 97.8%
Takohe Ha TecTHOM ckymy. Tpeba Harmacutu fa je pesynrar oa 97,8% mocTUrHYT Ha BeoMa
XeTepOreHOM CKyTy NOTpolaya, OAHOCHO, y3uMajyhu y 063up cBe noTpolraue Ha TEPHTOPH|H
rpaga. ¥ XOMOTeHHj UM CKyTIOBUMa, IPUMEHOM MoJiefIa Ha [10jeIHHaYHe KIacTepe NoTpolaya,
oBM pesynTatH cy jom 6osbu. Yak n nopeaehn koedummjent AR® koju 360r cBoje mpupose
(y3umama y o63up Gpoja npeaukropa) Hajuemthe uMa Huske BpemHOCTH 01 R?, mpeaioskenu
MOJeN y MOjeAHHAYHNM KIacTepHMa HMa BeoMa BUCOKE BpeIHOCTH Koje ce kpehy o1 97,8% mo
yak 99,5%.

Tectupajyhu xunotesy o yrumajy Opoja HepagHux Aana (Ipa3HUKa) Y TOKY MEcella Ha BHCHHY
HOTPOLILE eNeKTpPUYHE eHepruje U yBohemeM Opoja HepaJHHX JaHa Kao HOBOT MapaMeTpa,
noOujajy ce HemiTo npenu3Huju pesynratu. [locebHo je 3HauajHO WTO 3a OBE MOTpede HUje
pasBujaH HOBH Mojen Beh je xopumihena KOMIUIETHA apXHUTEKTypa U XHIIepIapaMeTpH paHHje
pa3sBHjeHOT MOZACTA KOjH c€ M0Ka3a0 Kao HajyCNeIIHH]H.

Llenoxynuu pesyntaTH qo0HjeHH NpeanoKeHHM MojenoMm noTephyjy aa ce ANN mory ca
BEJIMKHM YCIEeXOM yNoTpeOuTH 3a npeasuhame moTpolnku eIeKTpUdHEe eHepruje, IITo je y
CKJIaJy ca 3aK/bydliMMa Koje cy jomr 2007. roqune y cBOM HeTpaxuBamy aanu Tco u Jy (Tso u
Yau) y [14] nopenehu ANN ca ctabnuma oanmyunBama U perpecHOHHM Mojenuma. [lo ciiaamx
3aKJbydyaKa KacHHje qonase U ayTopHu y [47].

Kapa ce mocMmatpajy pesynrarn ANN n muXoBa ycnemHocT y KiacH(HKalMjH MoTpolIaya
eNeKTpU4HEe eHepruje y oarosapajyhy 30HY HOTpOINE, MOHOBO je HEOCNOpHA ILHXOBA
yernemnocT. [Ipenusnoct y npensuhamy 3one norpomme npeko 95% mnpocedHo 3a cBe TpH
30HE HATOBELITABA 1A CE Ca MAIMM NpuiarohaBamMa MOJE MOKE jOII YCABPILINTH H JOBECTH
Jo 3HaTHO OOJBMX pe3ynTaTa, ald H Ja Ha pe3ynTaTe HajBHILIE yTHYe MaToOpPOjHOCT Kiace
HOTPOLLAYA KOjU NPUIIaAajy 30HH ca HajBHIINM MOTPOLIHAMA.

Jour BuIe ycnexa ocTapyje MoJien y oJpehuBamy Ce30HCKUX MpoMeHa (MpoMeHa TOHITHHX
noba) roe ca cBera JBe NOTPELIKO KiIacH(HKOBaHe HHCTaHLEe nocTHke roroso 100%
YCIIEIIHOCTH.

PazBujeHo pememe u (uekcHOMIHOCT MOJENa NMPeACTaB/LEHOT Y OBOj JHCEPTALHjH IpYKa
MoryhHoCT 3a BEroBy nmpuMeHy Kako y morneay oapehuBama kimace Tako M BPEIHOCTH
3aBHCHOr o0eneXja MOBE3aHOT ca MOTPOIINLOM ENEKTPHYHE EHEpruje, amM H Ha Jpyre
npoliieMe CITMYHE NPUPOJIE.
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6. MYJATHMOJAJHHU, EKCIIEPUMEHTAJIHA MOJEJI ANN KAO
ITIOJIASHA TAYKA BYAYRUX UCTPAZKHUBAIbA

HMako NpUIMYHO YcTellaH, MpeAlokKeHH Mojel 3a NpeaBubjarme MOTPOLILU eleKTpUUHE
eHepruje ce Moxe HagorpajuBaTH M ycaBplIaBaTH y pasHHMM IpaBUMMa. JemaH o mpaBala
ajanTalyje NPUKa3aHOT MOJeIa MOXE ce OCTBAPHTH yBOlemheM MOJANNUTETa Ha CAMOM yIlazy
y Mpexy. Kao Hajscha npeanocT u KJbydHa KapaKTCpPHCTHKA MyITHMOZANMHHX Mojciaa ANN
uctHae ce (dap Ha TEOPHjCKOj OCHOBH), BUXOBa CIOCOOHOCT MHTETpALIUje M aHAIM3E BHILE
BpCTa TMojaTaka HCTOBPEMEHO Kkako OM ce 00/be pazymeo KOHTEKCT M 00aBHIIa CIOXKEHHja
ananma. Takea, MyITHMOJANHA Mpexxa, 61 Moryhe Ouna y cramy jma Opike M nakie y4u
3aKOHHTOCTH Yy TOTPOLIbaMa CICKTPHYHC CHCPTHjC, HHTCTPHITYhH 3HAamC CTCUCHO Y 00yLH
HojeAMHAYHUX TPaHa MOJENA.

MyntnMonanHe Mpexe ce Hajuciuhe KopucTe 3a 00pamy pasTHYHTHX BPCTa CHIHANA, CIIMKA H
TEKCTa, Ay 10 ¥ BUAEO caapxkaja, uta [148], [149]. Y Tom cmucay 61 ce MOTIO pasMHIUBATH
0 Pa3sNUYUTHM NPHHIUMNMA 3a KJacupUKaLHUjy ynasHuX oOeneskja y oBOM HCTpaxuBamy. Ha
TpHUMep, Ha yIa3y 61 ce MOTIIH Pa3BOjUTH YNIa3H PA3NUYUTOT THIA — MOJANIUTeTa (HYMEPHIKH
0J1 KaTerOpHjCKHX o0eerkja, METEOPOIIONIKH O] OCTAJIHX TojaTaka, 00emneskja i3 HHHIIHjaITHOr
CKyna oj A0JAaTHHX, WTA.). Y OBOM NOCTYIKY, FpaHe ylasa y Mpexy he, cBaka ofBOjeHO,
npoliecyHpaTH 3aceOHO KoAHMpaHe NoJaTke, CBe A0 TpeHyTka (py3Hje OBUX rpaHa y jeIHOj TaUuKH
npe no0Hjama u3naza u3 mpexe (Cnuka 6-1).

1. rpyna obenexja
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2. rpyna obenexja

Cnuka 6-1: Hiycrpannja mogena ANN 3acHOBaHOT Ha NPHHIUITY MOJYJIaPHOCTH

Onnyka o mocTaBbamy Tauke ¢ysuje y MmyatumogzanuuM ANN yrimaBHOM 3aBHCH 0O THMa
npobneMa M IOCTaB/ba C€ XEYPHCTHUKHM, Mako ayTopu y [150] momase mo 3aksbyuka o
OeneuTHMa TIOCTaBJbaba OBE Ta4YKe y paHoj ¢a3u Monena (eHrn. An early fusion strategy).

V nactaBky he 6uTH TecTHpaHa ciocobHOCT MyaTHMOmanHOT Mofena ANN kpo3 aBa ciyuaja
3aCHOBaHa Ha JBa NMPHHIMIA MOIYNTApHOCTH. Bpoj CKpHBEHHX cloOjeBa M XHIEpHapaMeTpu
Mofena ¢y, y Hiby nopeljema ca panuje opMUpaHUM Haj yCIELITHHjUM MoaenoM, HeTH. Hakon
ylIa3sHHX clojeBa y o0e rpaHe Mojena clele 1o JABa cI0ja ca HOPMAaaH3allMjoM TeXKHMHA H
HOpPMaJIM3allijoM aKTHBallMja cJ0ja HAKOH dHera ciead Tadka (ysHje, A0 Taja OJBOjEHO
TpeHupaHuX mapamertapa. Haxon ¢ysuje mapamerapa obe TrpaHe, BpIIM ce HOpMalM3aluja
akKTHBAllMje clloja TIpe U3padyHaBama H3Ja3a U3 MPEexe.
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6.1. MyJITHMOI[aJIHOCT 3aCHOBAHA Ha METeOPOJIOIIKHM H HEMETECOPOJIOINKHM
KapaxkTepHCTHKaMa norpoumaia

Kao nonassa ocHoBa y ToOTIeqy pasBoja jeqHor MynTHMomanHor mogena ANN y umumy
NpPEAUKIHjE MECCUHHMX MOTPOLIBN EIEKTPHYHE CHEpTHje, mocnyxuhe moacna obenexja Ha
METEOpOIIOLIKe U ocTane mogaTke. Tauka ysuje Koja ce nokasana HajOOJbe y pelllaBaiby OBOT
npoOiieMa Hala3u ce OIIMKe U3IAa3HOM ClI0jy. ApXHTEKTypa OBOT Mojena faata je Ha cnenehoj
cmiu (Crnnka 6-2).

Meteorolosk podaci | input: Ostali podaci | mput
[(Mone, 8)] | [(Mone, &)] [(Mone, 78)] | [(Mone, 78)]
TnputLayer oukput: InputLaver | oufput:
weight_nomalization_7(WNL_METECL)} | input weight_normalization_10{WNL_1) | nput
—— = — {None, 8) | (None, 8) = = = (Mone, 78} | (None, 78)
WeightNormalization(Dense} output: WeighfNormalization(Dense) output:
| LNL_METEOL | input: LNL_1 input:
— — (Mone. 8) | (Mone, 8) — (Mone, 78) | (None, 78)
| LayerNomualization | output: LayerNomualization | owtput
weight_nomalization_S(WNL_METEOL) | mput weight_normalization_11{WKL_21) | mput:
- — {MNone, 8 | (None, §) - . (MNone, 78) | (None, 7§)
WeightNomualization(Dense) outpuf: Weaghttonmalization(Dense) oufput:
LNL_METEO2 nput: LNL_2I npuit: _ _
— (Mone. §) | (None, &) — (None, 78) | (None, 78)
LayerMNommalization | ontput: LayerNonnalization | ontput
weizght normalizahon O0WHNL _RMETED3) mput: weight_normalization_12{WNL_3) mput:
— = = {Mone, 8) | (None, 8) = — = (Mone, 78) | (None, 78)
WeightNormalizationiDense) output: WeghfNommalization(Dense) output:

\ /

SPATANTE | mput:

Concatenate | output:

[(Mone, 8). (None. 73)] | (None, 56}

l

LML 3 mput
LaverNomualization | output:

{MNone, 86) | (Mone, 86)

weight_nomalization_13IZLAZ) | opud:
WeightNomualization(Dense) output:

(Mone, §6) | (None, 1)

Cmixa 6-2: [Iporpamcka mramna (1ema) apXUTEKType MOENA Ca JBE yJIa3He TPaHe METEOPOIOIIKHX
U Apyrux odenexja

[llema apxurextype momena (Crnuka 6-2) unmyctpyje ANN ca aBa ofiBojeHa MHIyTa, YHjH
npoliec oOyke Tede OJBOjEHO M MapaleHo cBe A0 TPeHyTKa cliajama, HakoH Tpeher cioja ca
HopMamu3auujom Texuna (, WNL _METEO3” y nesoj rpanu u ,,WNL _3* y necHoj rpanu)
HAKOH uera cieiu mocneqmu LNL croj mpe msmasHor cioja. Jlepa ymasHa rpaHa Mmojena
cagpkKHM METEOPOINOIIKE IMOJaTKe: NPOCEYHY, MHHHMAIHY H MAaKCHMallHy MECE4HY
TeMIepaTtypy, Opoj Beapux M o6lauHMX JaHa Y TOKy Mecella, yKynaH Opoj cyHUaHHX CAaTH y
TOKY Mecela, Ipocedan 6poj CyHYaHUX caTH [0 JaHy M IpocedaH Opoj caTH JHEBHE CBETJIOCTH.
Jlecna rpana cagp:xu cBa ocTana obenesxja. IlpumeTHo je ma rpaHa ca MeTEOPOJIOIIKHM
noJanMMa MMa cBera § HeypoHa KOju Cy Y OBOM CIy4ajy HyMEepHUKH, I0K ce Y JeCHOj TpaHH
Hajlas3u npeocTanux 78 Heypona HocehH yriaBHOM kareropujcka obenesxja.
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Hako Ha IPBH NoTe] MPeIokKeHH MOJEN Jenyje JocTa porobdarno u y nopehemy ca panuje
NPEAIOKEHNM MOJENOM (Moaen b) HEYNOPEAHBO OMIIMPHHUjH, Opoj apaMeTapa MOI0KHIX
TpPEHUpaY je NIEeHTHYAH y 00a clyyaja ITo nokasyje u cieaeha cnuka (Cnuka 6-3) y onHocy
Ha nporpamcky mramny monena A (Cnuxa 4-42).

Layer (type) Qutput Shape Param # Connected to

Meteoroloski podaci (InputLaye [(None, 8)] (5] [

r)

Ostali podaci (InputLayer) [(Mone, 78)] (<] []

weight_normalization_7 (Weight (Mone, 8) 153 [ '"Meteoroloski podacif[e][e]']
HMormalization)

weight_normalization_10 (Weigh (MNone, 78) 12403 ["0stali podaci[e][®]"]
tnormalization)

LNML_METEQ1 (LayerNormalization (MNone, 8) 8 [ 'weight_normalization_7[@][e]"]
)

LML_1 {LayerNormalization) (Mone, 78) 156 [ 'weight_normalization_1e[e][@]"]
weight_normalization_8 (Weight (None, 8) 153 ["LNL_METEO1[@][©] "]
Normalization)

weight_normalization_11 (Weigh (None, 78) 12403 ["LNL_1[@][@]"]

thormalization)

LML_METEO2 (LayerNormalization (Mone, 8) 8 [ 'weight_normalization_g[e][e]"]
)

LNL_2 (LayerNormalization) (Mone, 78) 156 ['weight_normalization_11[@][@]" ]
weight normalization 9 (Weight (Mone, 8) 153 ["LNL_METEO2[@][2] ']
Normalization)

weight_normalization_12 (Weigh (Mone, 78) 12403 ['LNL_2[@][e]"]

thormalization)

SPAJANIE (Concatenate) (Mone, 86) e [ 'weight_normalization_9[e][e]’,

‘weight_normalization_12[@][e]"]

LNL_3 (LayerNormalization) (Mone, 86) 172 ["sPAJANIE[@][@]"]
weight_normalization_13 (weigh (None, 1) 176 [“LthL_3[e][e]"]
thNormalization)

Total params: 38,344
Trainable params: 19,548
Non-trainable params: 18,796

Cmka 6-3: [Iporpamcka mraMia napaMeTapa MoJIena 3a B OJIBOjeHe yIa3He rpaHe

[TpaTtehu 3anaTe MeTpuKe 3a OLEHY KBATHTETA 3aKJbYUYj€ CE Aa M 0Baj MOJEN J0OpO npeno3Haje
matnone y nogauuma. Yax y npexo 98% cnydajeBa MoJen TauHo npeasHla BpeIHOCTH TapreT
BapujabIe MTo MoKasyje koeHIHjeHT AeTepMunalmje Ha cieachoj cnumm (Cruka 6-4). Cika
6-5 u Cnuka 6-6 mpukasyjy KpeTame KopeHa cpeame kBaaparHe rpemke (RMSE y kWh) u
aIlCOJIYTHE BPEIHOCTH cpeambe npoueHTyanne rpemke (MAPE) ogakne ce monoso jacHo Moxe
Npeno3HaTH 3aBUAHA CHIYPHOCT M KOH3MCTEHTHOCT MoOJENa KOjH CTabMIHO TeXH Ka

120




Hpazana Knewcesuh
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MHUHHUMYMY, nocTikyhu rpemky ox 4.48%, oqnocno =27 kWh. OBo He npeacTaBiba 3na4ajaH
HATpeaK y 0JHOCY Ha paHHje IPEeACTaBbEHH MoJen b, anu Moxke OUTH 10obap OCHOB 3a Jajbe
Tpaslie HCTPaXKUBarba, MOce0HO ako OU ce y 003Hp y3elH jolll HeKH MOJANNTEeTH oaTaka Kao

ynazay ANN.

95
90
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B0

—— Resquared Train errar
Resquared Val error

20 40 60 80
Epoch

100

120

ax A-squared: 98,140 %
poch: 115

Cimka 6-4: Koedunujent nerepmunaruje (R%) 3a Mogen ca n1se yiasHe rpaHe
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.
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fdation RMSE: 273507
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Cauxa 6-5: Kopen cpeame keagpartse rpemke (RMSE y kWh) 3a mozen ca ase ynasue rpaHe

MAPE Train ermor
MAPE Val error

Min val
Epoch

/

fdation MAPE: 4.487 %
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|-

20 a0 &0 80
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Cnuka 6-6: Cpenmba npoceyna anconytHa rpetka (MAPE) 3a Mozen ca ige yiasHe TpaHe
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VYenemnocT M oBOr Mojena Hajbo/be ce BHAM M3 YHNOPEIHOT MpPHKa3a CTBAPHHX H
npeAuKoBaHuX BpegHocTH. Cnuka 6-7 Jaje TakaB IpHUKa3: CTBApHE BPEJHOCTH - IIPBEHA THHHja
JujarpaMa M BpeJHOCTH 10 MOy - IIaBa IMHKja Aujarpama. 300r npeBenukor Opoja Tayaka
y T€CT CKyHy Aujarpam NpeluKijije TIOTPOLILN CBUX NOTpoluada He 01 OWo jacaH, Ia je Ha

cmuu (Cnuka 6-7) npukazano mnopeheme BpegHoctu 3a 100 nHacymuuHo opgabpaHHX
HOTpoLIaYa.

CreapHe W npegsuhene notpowrse 3a 100 NOTpOLWa4Ya M3 TECT CeTa (Mogen ca ABe rpaHe Ha ynasy)

1400
Motpowwse no mogeny CreapHe noTpoltse

1200

Yy

Vel MM

Cruka 6-7; JlujarpaM cTBAPHHUX H BPEAHOCTH MO MOJENY (MOIEN ca mapajieIHHM CJI0jeBUMa, JIBE
rpase u aBa yinaza) — 3a 100 notpormaua w3 ckyna HACYMHYHO 0/1abpaHux

[

§

LA | ,
'|| /j N "L Vo M

Notpowsee y KWh

."\_ |I I'I A N A
AT

I'oTOBO NOTIYHO NOK/IANake LiPBEeHE U MIaBe TUHHje Ha AMjarpaMy jacHO MOKasyje Aa U MoJeN
ca IB€ yla3He rpaHe, 1Ba MHIYTA IOCTHKE 3aBUAHY Npelu3HocT, noTBphyjyhu cnocobnoct n
OBOT MOJIeNa Ja TPeBUAN MOTPOIIkhE HAJPasNHYHTHjUX NOTpollada y TapreT ckyny. Oro
CBAKAKO OTBApa HOBA IIOTNIAaBbA y Aa/beM HCTPakKMBamy Koja ce Mory (DOoKycHpaTH Ha
dopMmupambe BHILIE yIa3HHX TpaHa KopucTehy pasnuanTe MojanuTeTe nojene obenexja. To je
noceOHO 3HAYajHO Kaja ce y3My y 003Hp pasiHIUTH HAYMHU NPUKYIUbamka NojJaTaka Kao LITo
je To mpHKa3aHO Ha CAMOM MOYeTKy OBe AUCEpTallHje.

Kéx MynTuMomanHor Mojena 3aCHOBAaHOT Ha METEOPOJOIIKMM M HEMETEOpPONOUIKUM
KapakTepucTHKama J1aT je y Buay npunora (ITpunor 14).

6.2. MyJITHMOI2THOCT 32CHOBAHA HA HYMEPHYKHM H KATETOPHj CKHM 0DeIe:KjnmMa
noTpomaya

Y HacTaBKy je TMpHKa3aH jolI jeJaH 3HauajaH TecT ycmemHocTH mynTHMoganHux ANN vy
npeBuljamy MOTPOIIBH EICKTPHUYHE eHeprHje, y3uMajyhu kao KpHTepHjyM THHO YIa3HHX
napameTtapa. Ha cnenehoj cnmnm (Cnmka 6-8) npukasana je apXUTeKTypa MOJETa KOjH Kao

KPUTEPHjyM 32 MYINTHMOJATHOCT HMMa pPa3iuKy u3Mely HyMepHYKHX W KaTerOpHjCKHX
obenesxja.
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MUM podact | mput: CAT podaci | input:
[(Mone, 13)] | [(Mone, 15)] [(Mone, 69)] | [(Mone, 69)]
IngtLaver | output InpufLaver | oufput:
weight_nommalization_S{WNL_NUM_O1) [ input: weight nonualization LI{WNL_CAT 01) | mput: .
(Mone, 15} | (None, 15) (None, 69) | (None, 69)
WeightNommalization| Dense) output: WeightNonnalization(Dense) output:
LNL NUM_O1 input: LNL_CAT 01 it
— — (Mone, 15) | (None, 15) = — (Mone, 69} | (None, 69)
LayerNonmalization | owtput: LayerNormalizafion | oufput:
weizht_nommalization_8(WNL_METEC2) | mput: weight_nonmalization_12(WHNL_CAT _02) | mput:
- —— (None, 15) | (None, 15} - - (MNone, 69) | (None, 69)
WeightNonmalization(Drense) output Weighitonunalization(Dense) output:
LNL_NUM_02 inpt: LNL_CAT_02 it
(Mone, 15} | (None, 15) MNone, 6%} | (None, 69)
LayerNommlization | output: LayerMomualization | output:
weight_nomualization 100WNL_NUM_03) | input: weight nommulization 13(WHL_CAT 03) | mput:
— —— — — (Mone, 15) | (None, 15) — —— = = (MNone, 69) | (Nome, 69)
Weightl ormalization(Drense) output: WeightM onualization{Dense) output:

/

[{¥one, 13), (None, 69)] | (Mone, 54}

|

LNL_03 input:

SPATANTE | mpuf
Concatenate | oufput:

(Mone, 84) | (Mone, 84)

LayerNonmalization | ontput:

weight
WeightNomnalization{ Dense) output

onuabization_A(IZLAZ) | wput

(Mone, 34) | (Mone, 1)

Ciuka 6-8: [IporpamMcka mraMna (1meMa) apXHTEKTYPe MOJIENA ca IBE YJIa3He TPaHe HYyMEPHUYKHX H
KATeropujckux odemnesxkja

3a paznHKy 07 MpeTX0AHe MOIYIAPHOCTH, OBA PABH HEIITO APYTavujy pacrnojeny obenexja,
cBpcTaBajyhn cBa HyMepHUKa y jeHY TPyIy, Koja Tako 4HHe 15 ynmasa y jeIHy rpaHy Mpeske H
KaTeropHjcka Koja HAKOH KoJupama 4uHe 69 ynasa y apyry rpany. PesynraTtu koje naje oBaj
MYJITHMOJATHH MO/IeN NpHKa3aHa cy Ha cneaehum cniukama (Cnnka 6-9 - Criuka 6-11).

R-squared = 97.821 %
Max R-squared: 97.821 %
98 - Epoch: 82

96

94

92

£l

8s

a6 —— Fesquared Train error
—— Resquared Val efror

0 20 40 60 B0
Epoch

Cruka 6-9:Koedumjent nerepmunanuje (R*) 3a Mosien ca ae yiasue rpase (HyMepHUKHX H
KaTeropujckux obemneskja)
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RMSE(in kWh}= 30.218

B0
= RMSE Train error

‘ RMSE val emor
704 ‘

60 ‘
504 ‘

404 ‘
\ Min Validation RMSE: 30.218
\ Epoch: B2

~—— g

0 20 40 60 BO
Epoch

304

Cmuxa 6-10: Kopen cpenme ksagpartne rpemke (RMSE y kWh) 3a moen ca nse ynasHe rpane
(HyMepUUKHX M KaTeropHujckux obenexja)

MAPE= 5.045 %

| —— MAPE Train error
1 ‘ MAPE Val ermor

6 Min Validation MAPE: 5.045 %
Epoch: $2

. -~ _ A

o 20 40 &0 80
Epoch

Cimuka 6-11: Cpenma npoceuna anconytHa rpemka (MAPE) 3a mozen ca aBe yiasHe rpaHe
(HyMEpPHUKHX M KaTeropHjcKHX obenexja)

KpOS npeTxonne Lmjar‘pame HOKaSaIIaje KOH3HCTCHTHOCT H TeXiha MOJENIa Ka MUHHMYMY IIITO
obehana Ja cec H OBaj THIT MOAYTapHOCTH, Ka0 H NMPETXOJHH, MOKE HCKOPHCTHTH 3a MNPOLEHY
NMOTPOIIHKBE  ENEKTPHYHE enepmje Ha MeCe4YHOM HHBOY H ¥ CKyOy ca XETeporeHHM
noTpomaYiumMa I{ElI{ElBje I{OpHHJHEIl 34 TeCTHpambhe MoJena Y OBOM HCTpaXKHBAILY.

IlpeaHoCTH OBAKBOT jeTHOT MOJENA ce Orfefiajy Kpo3 BHIIE aclekara, a Moxaa ce Hajeeha
npeaHocT HeTH4Ye Beh y pasu mpHukyubama M npumpeme yiasa y Mpexy. OBo je mocebHo
3Ha4ajHo jep ce YecTo AellaBa Ja MOJAllH Mopajy OUTH MIPUKYIJBEHH U3 BHILIE H3BOpA LLITO UX
YHHHU Pa3TTIUTHM KaKo 110 00JIUKY Y KOMe ce 4yBajy, TUIy oJaTaka, anu U 10 pasHUM IpyTUM
KapaKTepHCTHKaMa.

MyntumozannocT omoryhyje HcTpaKuBauMMa Ja KOPHCTE MCTOBPEMEHO BHIIE H3BOpa
MojIaTaKka and v aa popMupajy mporeaype 3a obpamy CpoHHX TPYMa MOAaTaka MITO Jajbe
npy:ka paszue MoryhHocTH. Y ToM cMucny 01 ce y 6yayhum HeTpaKHBamkHMa MOTIIH KOPHCTHTH
MOJANKTETH NoJaTaka KOjH TOTHYY W3 MHULKjalTHOT CKYyTNa MojaTaka OJBOjeHo of obenexja
K0ja cy HaKHAJJHO YKJbYHUeHa Y KOHKPETaH CKYTI U3 JPYTrHX U3Bopa u 00enekja Koja cy 1o0ujeHa
KalKyJaTHBHUM MeTodaMa. Koéa wMynTuMoanHor Moiena NpHKa3aHOT Y OBOM
NOTHOTTIABJBY AaT je y Buay npuiora ([Ipunor 15).
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7. 3AK/bYUHA PASMATPAIBHA U BYJITYRhH IIPABIIA
NCTPAKUBAIbBA

LlenokynmHO HCTpaxkKMBame MHCIIMPHUCAHO je MOoTpedoM 3a MpoHaTaKemeM pelliera npobiema
IIaHupamka IPOU3BOALE M NMOTPOIIE eNeKTPUYHE eHepruje Kao eHepreHTta 3a KOojuM ce
noTpeba BpeMeHOM He cMamyje, Beh HanpoTHB.

AyTopH ¢y U paHHje KOPUCTUIIH pa3He TeXHHKEe MaIIMHCKOT ydema 6aBehu ce npensubhamem
MOTPOLLUILH eIeKTPUUHE eHepruje, anu yrnasHoM 6asupajyhu ce Ha kpaTKOpo4He IPOTHO3e.
Hckopak HauHibeH Y 0BOj AHCEPTALM]jH, OJHOCH CE IPEBaCXOJHO Ha BPEMEHCKH OKBHP 3a KOJH
ce BpIH npeasulame alny U CTPYKTYPY NOTPOLIAYa Ha KOje ce To npeasuljame oQHOCH.

Kpo3 Hekonmuko MmocTynaka TeCTHPaHO j& BHILIE alropHTaMa MAIIMHCKOT Y4emha H HXOBH
pe3ynTaTu mopelenu ca pesyntaTima koje aaje npeanoxenun ANN Mozen.

IlpeanoxeHo pellerbe M NPUCTYN IPHKA3aHH y OBOj AMCEPTALM|H MOTY OMTH OJ BEIMKOT
3Hayaja a pa3o3H 3a To ¢y BUIIecTpyku. He camo na cy oOyxBaheHH CBH cerMeHTH NOTpoOIIAYa
Ha TepuTOpHju rpaja, Beh ce npensuhame BpIM Ha MEeceYHOM HUBOY, YIIPaBO OHAKO KaKo ce
BpIIM U IeH oOpaduyH u Hanmata. OxpaOpyjyhn pesynTtatd, M3paxeHH Kpo3 BeOMa HHCKe
rpellke U BUCOKY NPeANKTUBHY CIIOCOOHOCT, HCTHYY BaXKHOCT IIPEITIOKEHOT Pellea Koja ce
MOXKE cariefaTH ca HeKOJIMKO acmeKaTa:

- ca acnekTa npousBohaua enekTpuuHe eHepryje (y IMJbY Npou3Boamke M 00e30ehema
ONTHMANHE KOHMYMHE eJIEKTPHUHE eHeprHje);

- ca acmekta aucTpubyTepa (kaHaiaHucamba IpPOU3BEJACHE eNEKTPUYHE eHeprHje 10
NOTPOIIAYA PA3THINTHX KaTEropHja);

- ca acmeKTa Kpajier noTpomnada (yTBphuBame mHOTpeOHE KONHYMHE ENEKTPHYHE
eHepruje 3a BeroBo ONTHMANHO (PYHKLHOHUCAILE).

Pemasajyhn nedmnucann npobneM, npeanoxkeH je moaen 3acHoBan Ha ANN, TecTHpaH Ha
BEJIMKOM Opojy 3amuca o CTBapHUM IOTPOLIbaMa eIeKTPUYHe eHeprije NoTpollada Ha HUBOY
jensor rpaga. Obyka u TecTHparbe Mofiena ynoTpedoM peanTHHX MoJaTaka Mpyxajy CHIypHOCT
y nobujeHe pesynraTa, NoTBphyjyhu ciocobHOCT Moaena na npoHale To’aMM OKOM HEBUJLHBE
obpaclic y MoHallamky NOTpomada. Tako Nperno3HaTH odpaciy ce Jabe BPIO chUKACHO MOTY
KOPUCTHTH 3a mporHose Oyayhux notpommu. OBo je moceOHO BaxkHO jep Cy Ha NOAPYYjY
rocMarpaHor rpaja 3acTylbeHe cBe Moryhe kaTeropuje M rpyne norpomradva. [llaGmonn
MOHAIAka OBHX Pa3HOBPCHHX NOTPOIIAYa JOCTA BAPHPajy ITO JOJATHO OTEXABA caM Ipollec
MopenoBama 1 TpeHuara ANN koja 6u 6una y ctamy Ja NpaTH CBaKOr MOjCAMHIA Y MACH.

Beh y najpanujoj ¢asu uctpaxuBama, 1ocTaje jacHo aa npeaBuhame NOTPOIILH eleKTPHYHE
€Hepruje M3BPLICHO CaMoO Ha OCHOBY obelexja M3 HMHHIUjATHOT CKymNa, He Aaje JOBOJHHO
Ipelu3He NPorHo3e Ha KojuMa O ce MOIJIe 3aCHUBATH Jabe OfTyKe. 3a IpeBasWIaKemhe OBOT
npoQiieMa, MPeNIOKEH je MOCTYNaK ajanTaiuje cKyna o0enexja, U3 KOJUX MOJIEN LpMH
JparolieHa 3Hama H NOCTHKe BUCOKE TAYHOCTH IPH TECTHPAY HAa HEMO3HATOM, PAa3HOBPCHOM
u 0OMMHOM CKYTIy TIOTpOILIada, ¢a TPELIKOM 01 cBeTa ~£4%.

Kopak gajbe HauHmBEH je pasBojeM MOJena aJaNTHBHE CTPYKTYpe, CIocoOHHM Ja npunarohasa
Opoj HEYpOHA y CKPMBEHHM CJIOjeBHMa 00MMY NojaTaka M BEJIMYHMHH CKyna o0enexja. 3Hauaj
acmeKkTa aJanTHBHOCTH NpeJIOKEHOT MoJena HCTHYe Cc€ MPH CEeTMEHTALMjH WIH
KJIacTepoBamby TOTpolllaya NPHIMKOM (opMmupama jeIHOCTABHUMX, XOMOTEHHjHX TpyMa.
Ilpoceuna ancoyTHa rpelika IOTpolIada JoOHjeHa Ha Taj HAUHH, Y [0jeJHHAYHHM MecellMa
j© YriaBHOM HMKa Of TPCIIKC IPOCCYHC TpeHIKe Jo0HjeHe y Oa3HOM CKyIly, 3a CBC TPYIC H
KaTeropuje moTpomaua. [IpenusHocT mocTaje jom youwbHBHja Kaja ce HocMaTpa jefaH
u3aBojeHn motporrad. [lopemehu rpemke koje MOAEN TOCTHXKE 3a jeJHOr HW3BOjEHOT
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NOTpOLLIAYA Y PazxIMYMTHM KIAacTepHMa jacHO ykasyje Ha 3Hadaj KIacTepoBama MO OCHOBY
mecenu y roguun. [Ipoceuna rpemka nojequHaqnor nafa ucnod 2% a y HOJNIOBUHH MECELH Y
TOJMHH je yak ucnon 1%.

CBH npuKa3zaHu pe3ynTaTd J0OHjeHH Cy TECTHpAmbeM XHMIOTE3a MOCTABJLECHHMX Ha TOYETKY
HCTpaKHBamka. Y TOM CMHUCIY, OIIITA XUIIOTe3a Mopa OMTH o0adeHa, jep, Ha OCHOBY [ToJaTaka
KOjHMa pacTofiaxy AUCTPUOYTHBHE KOMIAaHWje HHje MOoryhe W3BPUIIMTH TIPElM3HE MPOTHO3E
OyayhHX MOTPOIIKLH eNeKTPHYHE €Hepruje Ha TEPHTOPH)H jeTHOT rpaja.

Takobe, noTnyHo cynpoTHO oueKHBambUMa, TOKA3AI0 Ce Ja BpEMEHCKe NMPHIIHKE, HaKo HMajy
ojpeheHor yTHLAja, HHCY K/by4YHE 3a NPOLEHY MOTPOLILE eNeKTPHYHE eHEepruje Ha OBOM
npocTtopy. Crora, npsa nocebHa xunotesa, Takolje Mmopa Outn ondadcHa.

Cse agpyre xumnoTese cy moTBpleHe Kpo3 paHHje IpHKasaHe pesyiTaTe IITO OTBapa BpaTa
HPaKTHYHO] IPUMEHH Npe/UIoKeHor Mojena. JelHa Taksa pUMeHa je Moryha kpos passoj
KOPHCHMYKHM OpHjEHTHCAHE alHUKalje, NPEBACXOJHO HAMEHEHE KpajEeM KOPHCHHKY, Y
LUJBY TAHUPaka paluoHATHH]e HHAUBUIYalIHe NoTpoube. OcHM Tora, amnkaiuja 61 Moria
OHMTH KOpHCHA M AUCTPHOYTHBHMM KOMIAHHjaMa Kao nomoh y nnanupamy H ONTHMH3ALHU]H
guctpubynuje, a caMHM THM H YCIOCTaB/balba ONTHMANHOT CHCTeMa cHaOmeBama
ENEKTPHIHOM EHEPIHjOM.

Takolje, He3aHEMapILUBH CY M PE3YNITaTH MOCTUTHYTH TP [PETIO3HABALY 30HE TOTPOIIIHE HITH
roJMIIILEr J00a. YclelHocT y oapeljuBamy 30He MOTPOLIE Y M3HOCY oA 95% M ToTOBO
NOTIyHa Npenu3HocT y oapehuBamy roauimmer goda, Harnamasajy jga OpeanokeHH MoJen
Moke OHTH NoOJa3Ha Tauka y pellaBamby pasHUX KIacHM(HKAIIHOHHX NpobneMa IoBe3aHHX ca
HOTPOIIHAMA EJIEKTPUYHE CHEPTH]E.

Hako je Mozmen Beh MOCTHrao BENHMKY NPELH3HOCT y PealHHM YCJIOBHMA, TECTHpPaH Ha
CTBapHUM MOTPOIIAYNMa, MOXKE C& PasMUIBATH U O HETOBUM E€BEHTYAJIHHUM OTPaHHYCHHMA.
Moske ce M0jaBUTH TaKaB MOTpOLIad Koju he cBOjUM KapakTepHcTHKaMa 3HAa4ajHO OAYAapaTH
0J oOpasala noHalama NOTPoILa4a KOjH Cy YUECTBOBANHN y TpeHHpamy Mpexe. Paznosu 3a To
MOTy OWTH pasIMUUTH an¥ W HEeNpeJBHAMBH Ta CE MOXE pasMHIUBATH M Y TIpaBLly
YKby4YHBama TOJATHHX obenexja koja Ou yka3uBaja Ha Te CIelH(PMIHOCTH TIOTPOLIaYa.

IInanupa ce M Jasbu pax y npaBiy (opMHpama XOMOTEHHjHX CKYIOBa MOTpOLIAva,
(oxycupajyhu ce Ha ogpeheny kareropujy mwin rpyny notpomada, oapeheny sona rpaga, uta.
Y Owsy jom NOpeNU3HMjUX pe3ynTaTa, MOXKE C€ pasMUILBaTH O WHOBATHBHHUJUM,
HecTaHIApAHMM Mofdenuma, Takohe 3acHoBamuM nHa ANN, nomyt MynTHMOJANHOT,
IpeCTaB/bEHOr Y MOCIEA’eM MOINaBby AHCEpTaluje. YBohemeM MoOJalHTeTa YIa3HUX
obeneskja, IHUXOBUM 3aceOHMM NpHIpeMaMa M TPeHHpameM BehMM [OenoM y He3aBHCHHM
rpanama ANN, Moxe ce JOhH A0 NMpelu3HUX MPOrHO3a MECeYHUX MOTPOILILH eleKTpHUHEe
eHepruje 3a cBe MOTpollade Ha MOAPYYjy rpaja, o ueMy TOBOpe MPOCEYHE arlcoMyTHE Ipelke
o1 ~4,5% oxguocHo ~5% y 3aBucHOCTH of mojanuTera. OBo oTBapa MOryhHOCT Ja CKYIOBH
nojaTtaka M obclekja NPUKYIUBCHH PasiIMYHTHM TCXHHMKaMa M3 PasIHYHTHX H3Bopa Oymy
IpoLIECYHPaHH Y jefHOj UCTOj MPEXH alli Ha pa3TMIHUTe HauMHE.

®nexcubunnocT kojy wucnosbaBajly ANN y mnpunaroljaBamy pasIHYUTHM CTBapHHM
npobIeMHUMa NOACTHYE HA BUXOBY IPHMEHY U Y pelllaBaly OHHMX NOBE3AHHX Ca NPeIHKLH]OM
HOTPOLILE eMeKTPHIHE eHepTHje, a pe3yaTaTH To U oTBphyjy. buno na ce npobnem nocMatpa
ca CTaHOBHINTA jeJHOT, IPyNe MIH Belnukor Opoja MoTpolada, MPEHH3HOCTH MOCTUTHYTE
IpeUT0KEHHM MOJENIOM 1 IPHKa3aHe y 0BOj AUCEPTALHjH HEABOCMHUCIEHO HCTHYY MOTEHIHjal
ANN y Tom npouecy.
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Ha ocHoBy cBera paHuje pedeHor, ca curypHouhy ce Moxe pehn Ja moTeHIHjalHe IO3HTHBHE
MMILTHKALIH] €, TPOH3AlIlIe H3 OBOT HCTPAXKUBaIba, JOCEXKY U Jasbe Of NoTpeba MHANBHAYATHHX
KOPUCHUKA M AMCTPHOYTHBHMX KoMmanuja. J{oOHMjeHH 3aK/bYdYld MOTY AOTMPHUHETH LIMpEM
noJby yIpaB/balka M IUIAHMpama pasBoja NaMeTHHX TpajoBa M ONTHMH3alHMje HHMXOBHX
€HepreTCKUX MpeXka kKao BHa MOAPIIKE OJPKHBHX eHePreTCKHX MPaKCH.

INoxazano ce ga je Moryhe ycrmocTaBUTH NOY31aH CUCTEM, 3aCHOBAH Ha TeXHHKaMa MallMHCKOT
yuewa, cnocobaH Aa npeaBuau Oyayhe HoTpounme eNeKTpHYHE €HEPTHje H Y jeIHOM
XeTEePOreHOM CHCTEMY O Y€MY TOBOPE M PEe3YJTaTH TEeCTHpama HaJ pealHHM MOJaliMa O
HOTPOLIKHAMA CBHX MOTpoLIaYa Ha HOAPYYjy rpaja Yikulla NpuKa3aHH y 0BOj AHCEpTaLHjH.

KOPUIITREHA JIMTEPATYPA
[1] H.L.Willis, Power distribution planning reference book, CRC press, 1997.

[2] “Elektroprivreda Srbije”, Jloctynno na: http://wwwepsrs/cir Ilpucrymreno: 18.
centembpa 2023.

[3] A. Pavi¢ and K. Trupini¢, “Gubici elektri¢ne energije u distribucijskoj mrezi,” J. Energy
Energ.,vol.56,n0.2, pp. 182-215,2007.

[4] N. Arghira, L. Hawarah, S. Ploix, and M. Jacomino, “Prediction of appliances energy use
in smart homes,” Energy, vol. 48, no. 1, pp. 128-134, Dec. 2012, doi:
10.1016/j.energy.2012.04.010.

[5] A. Mosavi and A. Bahmani, “Energy consumption prediction using machine learning; a
review,” Energies, pp. 1-63,2019.

[6] U.F. I Abdulrahman, M. Asante, and J. B. Hayfron-Acquah, “A survey of machine
learning’s electricity consumption models,” Commun. Appl. Electron. CAE,vol.7,no. 21,
pp- 6-10, 2018.

[7] J. Walther and M. Weigold, “A systematic review on predicting and forecasting the
electrical energy consumption in the manufacturing industry,” Energies, vol. 14, no. 4, p.
068,2021.

[8] A.Mosavi, M. Salimi, S. Faizollahzadeh Ardabili, T. Rabczuk, S. Shamshirband, and A.
R. Varkonyi-Koczy, “State of the Art of Machine Learning Models in Energy Systems, a
Systematic Review,” Energies, vol. 12, no. 7, Art. no. 7, Jan. 2019, doi
W.3390;’en12071301.

[9] Y-C. Hu, “Electricity consumption prffliction using a neural-network-based grey
forecasting approach,” J. Oper. Res. Soc., vol. 68, no. 10, pp. 1259-1264, Oct. 2017, doi:
tps://doi.org/10.1057/s41274-016-0150-y.

[10] X. Song, G. Liang, C. Li, and W. Chen, “Electricity consumption prediction for Xinjiang
electric energy replacement,” Math. Probl. Eng., vol. 2019, pp. 1-11, 2019, doi:
https://doi.org/10.1155/2019/3262591.

[11] M. Mordjaoui, S. Haddad, A. Medoued, and A. Laouafi, “Electric load forecasting by
using dynamic neural network,” Int.J. Hydrog. Energy,vol.42,n0.28, pp. 17655-17663,
2017, doi: 10.1016/j.ijhydene.2017.03.101.

127




Hpazana Knewcesuh Hoxmopcra ducepmauuja

[12] R.Jovanovi¢ and 1. Bozi¢, “Primena metoda ves$tacke inteligencije u obnovljivim izvorima
energije 1 energetskoj efikasnosti,” Zb. Medjunarodnog Kongresa O Procesnoj Ind., vol.
,no. 1, pp.63-81,2018.

[13] T.Le,M.T. Vo, B. Vo, E. Hwang, S. Rho, and S. W. Baik, “Improving electric energy
consumption prediction using CNN and Bi-LSTM,” Appl. Sci., vol. 9, no. 20, p. 4237,
19.

[14] G. K. F. Tsoand K. K. W. Yau, “Predicting electricity energy consumption: A comparison
of regression analysis, decision tree and neural networks,” Energy, vol. 32, no. 9, pp.
17611768, 2007, doi: https://doi.org/10.1016/j energy.2006.11.010.

[15] S. A. Sarswatula, T. Pugh, and V. Prﬂhu, “Modeling Energy Consumption using Machine
Leaming,” Front. Manuf. Technol.,vol.2,2022.

[16] M. Kumar, V. Shenbagaraman, R. N. Shaw, and A. Ghosh, “Predictive data analysis for
energy management of a smart factory leading to sustainability,” in Innovations in
elegirical and electronic engineering , Springer, 2021, pp. 765-773.

[17] R. R. Rathod and R. D. Garg, “Regional electricity consumption analysis for consumers
using data mining techniques and consumer meter reading data,” Int. J. Electr. Power
Energy Syst., vol. 78, pp- 368-374, 2016, doi:
https://doi.org/10.1016/j.ijepes.2015.11.110.

[18] K. Kavaklioglu, “Modeling and prediction of Turkey’s electricity consumption using
pport Vector Regression,” Appl. Energy, vol. 88, no. 1, pp. 368-375, 2011.

[19] K. Kavaklioglu, H. Ceylan, H. K. Ozturk, and O. E. Canyurt, “Modeling and prediction
of Turkey’s electricity consumption using artificial neural networks,” Energy Convers.
Manag., vol. 50, no. 11, PP- 27192727, 2009, doi:

ps://doi.org/10.1016/j.enconman.2009.06.016.

[20] M. J. Kargar and D. Charsoghi, ‘“Predicting annual electricity consumption in Iran using
artificial neural networks (NARX),” Indian J Sci Res, vol. 5, no. 1, pp. 231-242, 2014,
i: doi: 10.1080/15567240802706734.

[21] D. Knezevi¢ and M. Blagojevi¢, “Classification of el@}ricity consumers using artificial
neural networks,” Facta Univ. Ser. Electron. Energ., vol. 32, no. 4, pp. 529-538, 2019,
i: 10.2298/FUEE1904529K .

[22] D. Knezevi¢, M. Blagojevi¢, and A. Rankovi¢, “Prediction of electricity consumption
using artificial neural networks,” presented at the Knowledge management in informatics,
paonik, 2020.

[23] A. Nugaliyadde, U. Somaratne, and K. W. Wong, “Predicting electricity consumption
using deep recurrent neural networks,” ArXiv Prepr. ArXivi90908182,2019.

[24] M. Beccali, M. Cellura, V. L. Brano, and A. Marvuglia, “Short-term prediction of
housechold clectricity consumption: Assessing weather sensitivity in a Mediterranean
area,” Renew. Sustain. Energy Rev., vol. 12, no. 8, pp. 2040-2065, 2008, doi:

ps://doi.org/10.1016/j.rser.2007.04.010.

[25] P. Tiwari, “Architectural, demographic, and economic causes of electricity consumption
in Bombay,” J. Policy Model., vol. 22, no. 1, pp. 81-98, 2000.

128




Hpazana Knewcesuh Hoxmopcra ducepmauuja

[26] J. Milojkovi¢c, V. Litovski, E. fakultet u Nisu, and M. Mili¢, “Predvidjanje mesetne
potrosnje elekiri¢ne energije na nivou prigradske trafostanice,” presdffed at the Nau¢no-
strucni simpozijum Energetska efikasnost, Banja Luka: ENEF 2015, Sep. 2015.

[27] J. Milojkovi¢ and V. Litovski, “Novi modeli predvidjanja potrosnje elektricne energije
snovani na VNM,” in 54th ETRAN Conference, Donji Milanovac, Jun. 2010.

[28] M.K.Kim,J.Cha, E. Lee, V. H. Pham, S. Lee, and N. Theera-Umpon, “Simplified neural

network model design with sensitivity analysis and electricity consumption prediction in

a commercial building,” Energies, vol. 12, no. 7, p. 1201, 2019, doi: DOL:
3390/en12071201.

[29] M. Zeki¢-Susac, R. Scitovski, and A. Has, “Cluster analysis and artificial neural networks
in predicting energy efficiency of public buildings as a cost-saving approach,” Croat. Rev.
Econ. Bus. Soc. Stat.,vol. 4, no. 2, pp. 57-66, 2018.

[30] M. K. M. Shapi, N. A. Ramli, and L. J. Awalin, “Energy consumption prediction by using
machine learning for smart building: Case study in Malaysia,” Dev. Built Environ., vol. 5,
p 100037, 2021.

[31] H. Cai, S. Shen, Q. Lin, X. Li, and H. Xiao, “Predicting the energy consumption of
residential buildings for regional electricity supply-side and demand-side management,”
IEEE Access,vol. 7, pp. 30386-30397,2019, doi: doi: 10.1109/ACCESS.2019.2901257.

[32] J. Yuan, C. Fammham, C. Azuma, and K. Emura, “Predictive artificial neural network
models to forecast the seasonal hourly electricity consumption for a University Campus,”
stain. Cities Soc., vol.42, pp. 82-92,2018.

[33] K. McElwee, “Lnng neural nets to predict tomorrow’s electric consumption,” Medium.
Joctynno na: https:/towardsdatascience .com/using-neural-nets-to-predict-tomorrows-
electric-consumption-cc lae3ae7cc2, [Ipuctymbeno: 18. centembap 2023.

[34] M. Irfan et al., “Multi-region electricity demand prediction with ensemble deep neural
networks,” PLOS ONE, vol. 18, no. 5, p. 0285456, May 2023, doi:
lOﬂ??lf’joumal.ponc.0285456.

[35] S. Aman, M. Frincu, C. Charalampos, U. Noor, Y. Simmhan, and V. Prasanna, “Empirical
comparison of prediction methods for electricity consumption forecasting,” Univ. South.
Calif. Tech Rep, pp. 14-942,2014.

[36] J.-S. Chou and D.-S. Tran, “Forecasting energy consumption time series using machine
learning techniques based on usage pattems of residential householders,” Energy, 2018,
doi: 10.1016/J ENERGY .2018.09.144.

[37] Y. T. Chae, R. Horesh, Y. Hwang, and Y. M. Lee, “Artificial neural network model for
forecasting sub-hourly electricity usage in commercial buildings,” Energy Build.,vol. 111,
pp- 184-194, 2016.

[38] T. A. Nakabi and P. Toivanen, “An ANN-based model for learning individual customer
behavior in response to electricity prices,” Sustain. Energy Grids Netw., vol. 18, p.
100212, Jun. 2019, doi: 10.1016/j.segan.2019.100212.

[39] H. S. Hippert, C. E. Pedreira, and R. C. Souza, “Neural networks for short-term load
forecasting: A review and evaluation,” I[EEE Trans. Power Syst., vol. 16, no. 1, pp. 44—
55,2001, doi: doi: 10.1109/59.910780.

129




Hpazana Knewcesuh Hoxmopcra ducepmauuja

[40] A. Selakov, D. Cvijetinovic, and S. Ili¢, “Short term load forecasting using support vector
machines for different consumer types,” J. Process. Energy Agric.,vol.16,n0.3, pp. 128—
131,2012.

[41] S. A. 1li¢, S. M. Vukmirovi¢, A. M. Erdeljan, and F. J. Kuli¢, “Hybrid artificial neural
network system for short-term load forecasting,” Therm. Sci., vol. 16, no. suppl. 1, pp.
215-224,2012, doi: doi: 10.2298/TSCI1201300731.

[42] N. Amjady and F. Keynia, “Short-term load forecasting of power systems by combination
of wavelet transform and neuro-evolutionary algorithm,” Energy, vol. 34, no. 1, pp. 46—
57,2009, doi: doi: https://doi.org/10.1016/j.energy.2008.09.020.

[43] S. Mlic, “Kratkorocno predvidanje potrosnje elektricne energije u velikim
elektroenergetskim sistemima,” Univerzitet u Novom Sadu, 2013.

[44] R. Banik, P. Das, S. Ray, and A. Biswas, “Prediction of electrical energy consumption
based on machine learning technique,” Electr. Eng., vol. 103, no. 2, pp. 909-920, Apr.
2021, doi: 10.1007/s00202-020-01126-z.

[45] S. Shan, B. Cao, and Z. Wu, “Forecasting the Short-Term Electricity Consumption of
Building Using a Novel Ensemble Model,” [EEE Access, vol. 7, 2019, doi:
10.1109/ACCESS.2019.2925740.

[46] K. Li, J. Tian, W. Xue, and G. Tan, “Short-term electricity consumption prediction for
buildings using data-driven swarm intelligence based ensemble model,” Energy Build.,
2020, doi: 10.1016/j enbuild.2020.110558.

[47] K. Chen, J. Jiang, F. Zheng, and K. Chen, “A novel data-driven approach for residential
electricity consumption prediction based on ensemble learning,” Energy, vol. 150, 2018,
i: 10.1016/J ENERGY .2018.02.028.

[48] A.Azadeh, M. Saberi, V. Nadimi, M. Iman, and A. Behrooznia, “An integrated intelligent
neuro-fuzzy algorithm for long-term electricity consumption: cases of selected EU
countries,” Acta Polytech. Hung., vol. 7, no. 4, pp. 71-90, 2010, doi: doi

1109/ems.2010.56.

[49] A. Azadeh, S. F. Ghaderi, S. Tarverdian, and M. Saberi, “Integration of artificial neural
networks and genetic algorithm to predict electrical energy consumption,” Appl. Math.
Cagput.,vol. 186, no. 2, pp. 1731-1741, 2007, doi: doi: 10.1 109/IECON.2006.348098.

[50] S.G. Yooand H.-A. Myriam, “Predicting residential electricity consumption using neural
networks: A case study,” in Journal of Physics: Conference Series,IOP Publishing, 2018,
p- 012005. doi: doi: 10.1088/1742-6596/1072/1/012005.

[51] W.Jiang, X. Wu, Y.Gong, W. Yu, and X. Zhong, “Holt-Winters smoothing enhanced by
fruit fly optimization algorithm to forecast monthly electricity consumption,” Energy, vol.
193, 2020, doi: 10.1016/j.energy.2019.116779.

[52] E. A. Frimpong and P. Y. Okyere, “Monthly Energy Consumption Forecasting Using
Wavelet Analysis and Radial Basis Function Neural Network,” J. Sci. Technol. Ghana,
1. 30, no. 2, pp. 157-164, 2010, doi: 10.4314/just.v30i2.60541.

[53] R.F.Berriel, A. T. Lopes, A. Rodrigues, F. M. Varejao, and T. Oliveira-Santos, “Monthly
energy consumption forecast: A deep learning approach,” 2017 Proc. Int. Jt. Conf. Neural
Netw.,no. May, pp. 4283—4290,2017.

130




Hpazana Knexcesuh Hoxmopcra ducepmauuja

1

[54] D. Knezevi¢, M. Blagojevi¢, and A. Rankovic, “Electricity Consumption Prediction
Model for Improving Energy Efficiency Based on Artificial Neural Networks,” Stud.
Inform. Control,vol. 32, no. 1, pp. 69-79, Mar. 2023, doi: 10.24846/v32i1y202307.

[55] A.Banga, R. Ahuja, and S. Sharma, “Stacking machine learning models to forecast hourly
and daily electricity consumption of household using internet of things,” J. Sci. Ind. Res.,
1. Vol. 80, no. 2021, pp. 894-904, 2021.

[56] D. Knezevi¢, M. Blagojevi¢, and A. Rankovi¢, “Classification of electricity consumers
using model based on neural network,” in Interfitional Multidisciplinary Conference
"Challenges of Contemporary Higher Education, Conference of Academies for Applied

udies in Serbia (CAASS), 2024, pp. 403-408.

[57] J. L. Ba, J. R. Kiros, and G. E. Hinton, “Layer normalization,” ArXiv Prepr.
Xiv160706450,2016.

[58] T. Salimans and D. P. Kingma, “Weight normalization: A simple reparameterization to
accelerate training of deep neural networks,” Adv. Neural Inf. Process. Syst., vol. 29, pp.
9012909, 2016, doi: https://doi.org/10.48550/arXiv.1602.07868.

[59] S. Xiang and H. Li, “On the effects of batch and weight normalization in generative
versarial networks,” Prepr. ArXiv170403971,2017.

[60] M. Zeki¢-Susac, R. Scitovski, and A. Has, “Cluster analysis and artificial neural networks
in predicting energy efficiency of public buildings as a cost-saving approach,” Croat. Rev.
Econ. Bus. Soc. Stat.,vol. 4, no. 2, pp. 57-66, 2018, doi: 10.2478/crebss-2018-0013.

[61] J. Parraga-Alava, J. D. Moncayo-Nacaza, J. Revelo-Fuelagan, P. D. Rosero-Montalvo, A.
Anaya-Isaza, and D. H. Peluffo-Ordofiez, “A data set for electric power consumption
forecasting based on socio-demographic features: Data from an area of southern
Colombia,” Data Brief, vol. 29, 2020, doi: 10.1016/j.dib.2020.105246.

[62] M. Alanbar, A. Alfarraj, and M. Alghieth, “Energy Cnsurnption Prediction Using Deep
Learning Technique,” Int. J. Interact. Mob. Technol. IJIM, vol. 14, no. 10, pp. 166177,
2020.

[63] Ad. Nikoli¢ and A. Zecevi¢, MasSinsko ucenje. Beograd: Matematicki fakultet, 2019,
[64] 1. Goodfellow, Y. Bengio, and A. Courville, Deep learning. MIT press, 2016.

[65] Y. LeCun, Y. Bengio, G. Hinton, and others, “Deep learning nature,” vol. Nature 521, pp.
436—444,2015, doi: https://doi.org/10.1038/nature 14539.

[66] M. Kulin, T. Kazaz, E. De Poorter, and I. Moerman, “A survey on machine learning-based
performance improvement of wireless networks: PHY, MAC and network layer,”
Electronics,vol. 10,no. 3,p. 318,2021.

[67] V.Zocca,G. Spacagna, D. Slater, and P. Roelants, Python deep learning . Packt Publishing
Ltdg2017.

[68] S. Shalev-Shwartz and S. Ben-David, Understanding machine learning: From theory to
algorithms. Cambridge university press, 2014.

[69] B. Liu, Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data Second
Edition.2011. doi: 10.1007/978-3-642-19460-3.

131




Hpazana Knewcesuh Hoxmopcra ducepmauuja

[70] P. Ditthakit, S. Pinthong, N. Salaeh, J. Weekaew, T. Tran, and Q. Pham, “Comparative
study of machine learning methods and GR2M model for monthly runoff prediction,” Ain
Shams Eng.J ., vol. 14, Sep. 2022, doi: 10.1016/j.asej.2022.101941.

[71] P. J. Huber, “Robust Estimation of a Location Parameter,” Ann. Math. Stat., vol. 35, no.
1, pp. 73-101, 1964.

[72] D. Draxler, “Generalized Huber Regression,” Medium, [MoctynHo Ha:
https://towardsdatascience .com/generalized -huber-regression-505afaff24c,
[Tpuctynmeno: 2. okrobap 2023.

[73] Tracyrenee, “Is sklearn’s Huber Regressor better than LinearRegression?,” Medium,
JoctynHo na: https:/tracyrenee61.medium.com/is-sklearns-huber-regressor-better-than-
linearregression-a8dc4ee2ea66, [Ipuctymbeno: 2. okrobap 2023.

[74] V. A. S. Hernandez, R. Monroy, M. A. Medina-Pérez, O. Loyola-Gonzilez, and F.
Herrera, “A Practical Tutorial for Decision Tree Induction: Evaluation Measures for
Candidate Splits and Opportunities,” ACM Comput. Surv., vol. 54, no. 1, p. 18:1-18:38,
2021, doi: 10.1145/3429739.

[75] M. Schonlau and R. Y. Zou, “The random forest algorithm for statistical learning,” Stata
J.,vol.20,no0. 1, pp. 3-29,2020.

[76] G. Biau and E. Scornet, “A Random Forest Guided Tour.” arXiv, Nov. 18, 2015.
JoctynHo na: http://arxiv.org/abs/1511.05741, Ilpucrymmeno: 2. oktobap 2023.

[77] D. R. Yehoshua, “Random Forests,” Medium, HoctynHo Ha:
https://medium.com/@roiyeho/random-forests-98892261dc49,  Ilpuctymbeno:  22.
aBryct 2023.

[78] J. Bhattacharyya, “Understanding XGBoost Algorithm In Detail,” Analytics India
Magazine. JloctrynHo na: https://analyticsindiamag.com/xghoost-internal-working-to-
make-decision-trees-and-deduce-predictions/, [Ipuctynuseno: 2. cenrembap 2023.

[79] L. Demajo, “Explainable Al for Interpretable Credit Scoring,” Thesis, University of Malta,
2020. Hoctymno Ha: http://skr.rs/zZNKq, [Ipuctynseno: 4. jyx 2023,

[T}

[80] E. H. I'opbauesckas, “Knaccupuxamms HeHpoHHBIX cerell,” Becmuux Boaxcckozo
Vuusepcumema Hm BH Tamuwyesa,no. 2 (19), pp. 128-134, 2012.

[81] N. Stankovi¢, “Faktori utenja i predvidanje uspeSnosti u programiranju primenom
vestackih neuronskih mreza,” University of Kragujevac, Faculty of Technical Sciences
Cacak, 2021.

[82] F. Vazquez, “Towards Data Science,” A “weird” introduction to Deep Learning,
[Tpuctynmeno: 17. jyn 2023.

[83] S. Haykin, “Neural networks and learning machines, Hoboken.” NJ, USA: Pearson, 2008.
[84] R. Rojas, Neural Networks-A Systematic Introduction. Berlin: Springer, 1996.

[85] C. Gershenson, “Artificial neural networks for beginners,” ArXiv Prepr. Cs0308031,
2003.

[86] “What is Neuroscience? Why is it Important?,” CUSABIO, J[loctymio Ha:
https://www.cusabio.com/Neuroscience html! [Ipucrymmeno: 2. asrycr 2023.

[87] P. V. and H. Singh, “Deep Learning based Brain Tumour Segmentation,” WSEAS Trans.
Comput.,vol. 19, pp. 234-241, Jan. 2021, doi: 10.37394/23205.2020.19.29.

132




Hpazana Knexcesuh Hoxmopcra ducepmauuja

[88] J.M.Nazzal,l. M. El-Emary, S. A. Najim, A. Ahliyya, and others, “Multilayer perceptron
neural network (MLPs) for analyzing the properties of Jordan oil shale,” World Appl. Sci.
J.,vol.5,no.5, pp. 546-552, 2008.

[89] U. Orhan, M. Hekim, and M. Ozer, “EEG signals classification using the K-means
clustering and a multilayer perceptron neural network model,” Expert Syst. Appl.,vol. 38,
no. 10, pp. 13475-13481, 2011, doi: doi: https://doi.org/10.1016/j.eswa.2011.04.149.

[90] J. Kauffmann, M. Esders, L. Ruff, G. Montavon, W. Samek, and K.-R. Miiller, “From
clustering to cluster explanations via neural networks,” IEEE Trans. Neural Netw. Learn.
Syst.,2022.

[91] D. Ruppert, “The Elements of Statistical Learning: Data Mining, Inference, and
Prediction,” J. Am. Stat. Assoc., 2004, doi: 10.1198/jasa.2004 .s339.

[92] Chabacano, Diagram showing overfitting of a classifier. 2008. HocTynHo Ha:
https://commons.wikimedia.org/wiki/File:Overfitting.svg, Ilpuctymmeno: 29. asrycr
2023.

[93] Miroslava J. Pavlovi¢, “Programski okvir zasnovan na masinskom uCenju =za
automatizaciju obrade rezultata fotoakusticnih merenja,” Doktorska disertacija, Novi Sad,
vi Sad, 2020.

[94] Q. V. Le, J. Ngiam, A. Coates, A. Lahiri, B. Prochnow, and A. Y. Ng, “On optimization
methods for deep learning,” in 28th International Conference on International Conference
0 achine Learning,2011, pp. 265-272.

[95] S.Ding,H.L1i,C. Su,J. Yu, and F. Jin, “Evolutionary artificial neural networks: areview,”
Artif. Intell. Rev., vol. 39, no. 3, pp. 251-260, 2013.

[96] S. S. Haykin and others, “Neural networks and learning machines/Simon Haykin.” New
rk: Prentice Hall, 2009.

[97] M. L. Jordovi¢-Pavlovié, M. M. Stankovi¢, M. N. Popovi¢, Z. Cojbasi¢, S. Galovi¢, and
D. D. Markushev, “The application of artificial neural networks in solid-state
photoacoustics for the recognition of microphone response effects in the frequency
domagin,” J. Comput. Electron.,vol. 19, no. 3, pp. 1268-1280, 2020.

[98] S. Ding, H. Li, C. Su, J. Yu, and F. Jin, “Evolutionary artificial neural networks: a
review.,” Artif. Intell. Rev., vol. 39,no. 3, pp. 1-10, 2013.

[99] Y. Kocyigit, A. Alkan, and H. Erol, “Classification of EEG recordings by using fast
independent component analysis and artificial neural network,” J. Med. Syst., vol. 32, no.
1, pp. 17-20, 2008.

[100] A. Subasi, “EEG signal classification using wavelet feature extraction and a mixture of
expert model,” Expert Syst. Appl., vol. 32, no. 4, pp. 1084-1093, 2007.

[101] E. D. Ubeyli, “Combined neural network model employing wavelet coefficients for
EEG signals classification,” Digit. Signal Process.,vol. 19,no. 2, pp. 297-308, 2009.

[102] M. B. Simonovi¢, “Primena vestackih neuronskih mreza za kratkoro¢no predvidanje i
analizu sistema daljinskog grejanja,” Yausep3uteT y Humy, Mammnckn daxynrer, 2016.
HoctynHo na: https://nardus.mpn.gov rs/handle/ 123456789/7064 , [Ipuctyruseno: 29. maj
2023.

133




Hpazana Knexcesuh Hoxmopcra ducepmauuja

[103] S. Aleksi¢, A. Panti¢, and D. Panti¢, “High electric field stress model of n-channel
VDMOSFET based on artificial neural network,” J. Comput. Electron.,vol. 17,no. 3, pp.
1210-1219, 2018, doi: doi: 10.1007/s10825-018-1167-z.

[104] B.Huval et al., “An empirical evaluation of deep learning on highway driving,” ArXiv
Prepr. ArXiv150401716, 2015.

[105] A. Koutsoukas, K. J. Monaghan, X. Li, and J. Huan, “Deep-learning: investigating deep
neural networks hyper-parameters and comparison of performance to shallow methods for
modeling bioactivity data,” J. Cheminformatics, vol. 9, no. 1,pp. 1-13, 2017.

[106] B. S, P. A, and D. Murugan, A review of Deep learning Techniques for COVID-19
identification on Chest CT images. 2022.

[107] N. Adaloglou, “In-layer normalization techniques for training very deep neural
networks,” Al Summer. [octynmuo wna: https://theaisummer.com/normalization/,
[puctynmweno: 15. jyn 2023.

[108] M. D. Zeiler, “Adadelta: an adaptive learning rate method,” ArXiv Prepr.
ArXivi2125701,2012.

[109] K. (Yi) Li, “How to Choose a Learning Rate Scheduler for Neural Networks,”
neptune.ai. Jloctynno wma:  https://neptune.ai/blog/lhow-to-choose-a-learning-rate-
scheduler, [Ipuctymbeno: 14. anpun 2023.

[110] E. Zvornicanin, “Relation Between Learning Rate and Batch Size | Baeldung on
Computer Science.”, [octynno na: https://www .baeldung.com/cs/learning-rate-batch-
size, [Ipuctynsseno: 6. jyn 2023.

[111] S.Barreto, “Why Mini-Batch Size Is Better Than One Single ‘Batch® With All Training
Data | Baeldung on Computer Science,” HoctymHo Ha:

https://www_baeldung com/cs/mini-batch-vs-single-batch-training-data, Tlpucrynmeno:
21. jyn 2023.

[112] Z. Zhuang, “Adaptive Strategies in Non-convex Optimization,” University of Science
and Technology of China, 2016. [Hoctymuo na: http://arxiv.org/abs/2306.10278,
[MpgcTynmeno: 21. jyn 2023.

[113] A.Y.Ng, “Feature selection, L 1 vs. L 2 regularization, and rotational invariance,” in
Proceedings of the twenty-first international conference on Machine learning, 2004, p.
78.

[114] CFI Team, “Elastic Net,” A regression method that performs variable selection and
regularization simultaneously. loctynHo Ha: http://skr.rs/zZNKp, [lpucrymseno: 2. jyn
2023.

[115] K. He, X. Zhang, S. Ren, and J. Sun, “Delving deep into rectifiers: Surpassing human-
level performance on imagenet classification,” in Proceedings of the 1EEE international
conference on computer vision, 2015, pp. 1026-1034. doi: 10.48550/arXiv.1502.01852.

[116] X. Li and J. Zhou, “Short-term power load fitting/forecasting based on composite
modified fractal interpolation approaches,” Int. Trans. Electr. Energy Syst.,vol. 31,no. 1,
pp- 1-22,2021, doi: 10.1002/2050-7038.12709.

[117] A. M. Rankovi¢ and D. N. Cetenovié, “Modeling of photovoltaic modules using a gray-
box neural network approach,” Therm. Sci., vol. 21, no. 6, pp. 2837-2850, 2017, doi:
10.2298/TSCI160322023R.

134




Hpazana Knewcesuh Hoxmopcra ducepmauuja

[118] Y. Xiang, L. Gou, L. He, S. Xia, and W. Wang, “A SVR-ANN combined model based
on ensemble EMD for rainfall prediction,” Appl. Soft Comput. J., vol. 73, pp. 874-883,
2018, doi: 10.1016/j.as0c.2018.09.018.

[119] S.Garcia,J. Luengo,and F. Herrera, Data preprocessing in data mining , vol. 72. Cham,
Switzerland: Springer International Publishing, 2015.

[120] S. Kotsiantis, D. Kanellopoulos, and P. Pintelas, “Data Preprocessing for Supervised
Learning,” Int.J. Comput. Sci., vol. 1, pp. 111-117, Jan. 2006.

[121] D. Micci-Barreca, “A preprocessing scheme for high-cardinality categorical attributes
in classification and prediction problems,” ACM SIGKDD Explor. Newsl., vol. 3, no. 1,
pp- 27-32,2001.

[122] F. Pargent, F. Pfisterer, J. Thomas, and B. Bischl, “Regularized target encoding
outperforms traditional methods in supervised machine learning with high cardinality
features,” Comput. Stat., no. 37, pp- 2671-2692, 2022, doi:
https://doi.org/10.1007/s00180-022-01207-6.

[123] M. Larionov, “Sampling techniques in bayesian target encoding,
ArXiv200601317,2020.

[124] L. Al Shalabi, Z. Shaaban, and B. Kasasbeh, “Data mining: A preprocessing engine,” J.
Comput. Sci., vol.2,n0. 9, pp. 735-739, 2006.

tL}

ArXiv Prepr.

[125] S. Patro and K. K. Sahu, “Normalization: A preprocessing stage,” ArXiv Prepr.
ArXivi50306462,2015.

[126] A. Singh Chadha, “Becoming Human: Artificial Intelligence Magazine,” What Do
Normalization and Standardization Mean? When to Normalize Data and When to
Standardize Data? JloctynHo Ha: https:/medium.com/,

[127] L F. Ilyas and X. Chu, “Outlier detection,” in Data Cleaning, New York, NY, USA:
Association for Computing Machinery, 2019. HoctymHo Ha:
https://doi.org/10.1145/3310205.3310208, [Ipuctynsseno: 18. maj 2023.

[128] K.Li,“Onintegrating information visualization techniques into data mining: A review,”
ArXiv Prepr. ArXivi 50300202, 2015.

[129] “Elektrodistribucija Srbije,” Tarifni sistem za obracun elektri¢ne energije. [locTtymHo
Ha: https://elektrodistribucija.rs/propisi/tarifni_sistem.pdf

[130] S. Grafberger, J. Stoyanovich, and S. Schelter, “Lightweight Inspection of Data
Preprocessing in Native Machine Learning Pipelines.,” in CIDR, 2021.

[131] S. Grafberger, S. Guha, J. Stoyanovich, and S. Schelter, “MLINSPECT: A Data
Distribution Debugger for Machine Learning Pipelines,” in Proceedings of the 2021
International Conference on Management of Data, 2021, pp. 2736-2739.

[132] S. Garcia, S. Ramirez-Gallego, J. Luengo, J. M. Benitez, and F. Herrera, “Big data
preprocessing: methods and prospects,” Big Data Anal., vol. 1, no. 1, pp. 1-22,2016.

[133] S.Raschka, Python machine learning. Packt publishing ltd, 2015.

[134] Sadhvi Anunaya, “Analytics Vidhya,” Data Preprocessing in Data Mining — A Hands
On Guide (Updated 2023). [Hocrynno na: http://skr.rs/zNKS/, [Ipuctymseno: 18. Maj
2023.

135




Hpazana Knexcesuh Hoxmopcra ducepmauuja

[135] “Popis stanovnistva 2022.” JloctynHo Ha: https://popis2022.stat.gov.rs/sr-Latn/,
[Mpuctynmweno: 15. jyn 2023.

[136] “PXM3 - Penybmuukn xuapomereoposnomkd 3aBox Cpbuje” [octynmno Ha:
http://www hidmet.gov .rs/latin/meteorologija/klimatologija_godisnjaci.php,
[Tpuctynmeno: 15. anpun 2023.

[137] “Kanenmap ca gpsxaBumMm  mpasmunmuma,” CEKOS  IN, Jloctynno  Ha:
http://www.cekos.rs/kalendar/kalendar-sa-dr%C5%BEavnim-praznicima/1/2014,
[Mpuctymmeno: 19. cenrembap 2022.

[138] “O podeli na godisnja doba u meteorologiji — Meteologos.” [ocTynHo Ha:
http://www .meteologos rs/o-podeli-na-godisnja-doba-u-meteorologiji/, Ilpuctymmeno:
19. centembap 2022,

[139] Republicki propisi, “Metodologija za odredivanje cene elektricne energije za
garantovano  snabdevanje.” Moctymno Ha:  https://www pravno-informacioni-
sistem.rs/SIGlasnikPortal/eli/rep/sgrs/drugidrzavniorganiorganizacije/odluka/2018/99/4,
[Ipuctynmeno: 19. centemdap 2022.

[140] F. T. Liu, K. M. Ting, and Z.-H. Zhou, “Isolation Forest,” in 2008 Eighth IEEE
International Conference on Data Mining, Pisa, Italy: IEEE, Dec. 2008, pp.413-422. doi:
10.1109/ICDM.2008.17.

[141] F.T. Liu, K. M. Ting, and Z.-H. Zhou, “Isolation-based anomaly detection,” ACM
Trans. Knowl. Discov. Data TKDD, vol. 6, no. 1, pp. 1-39, 2012, doi:
https://doi.org/10.1145/2133360.2133363.

[142] Z.Ding and M. Fei, “Ananomaly detection approach based on isolation forest algorithm
for streaming data using sliding window,” IFAC Proc. Vol., vol. 46, no. 20, pp. 12-17,
2QL3, doi: https://doi.org/10.3182/20130902-3-CN-3020.00044.

[143] D. Knezevi¢, “The visualisation of electricity consumers and electricity consumption in
an urban area,” in Science and Higher Education in Function of Sustainable Development
Oa 2021.

[144] D. Knezevic, M. Blagojevi¢, and A. Rankovi¢, “Monthly electricity consumption
prediction: integrating artificial neural networks and calculated attributes,” J. Sci. Ind. Res.
JSIR ,vol. 83, no. 1, 2024, doi: https://doi.org/10.56042/jsir.v83i1.3523.

[145] Y. Bengio, “Practical recommendations for gradient-based training of deep
architectures,” Lect. Notes Comput. Sci. Subser. Lect. Notes Artif. Intell. Lect. Notes
Bioinforma., vol. 7700 LECTU, pp. 437-478,2012.

[146] H. Larochelle, Y. Bengio, J. Louradour, and P. Lamblin, “Exploring strategies for
training deep neural networks.,” J. Mach. Learn. Res., vol. 10,no. 1, 2009.

[147] M. Mohammadigohari, “Energy consumption forecasting using machine learning,”
Master’s Thesis, Rochester Institute of Technology, Rochester, NY, USA, Rochester, N,
USA, 2021.

[148] G. Goh et al., “Multimodal neurons in artificial neural networks,” Distill, vol. 6, no. 3,
p. €30, 2021.

[149] L. Ma, Z. Lu, L. Shang, and H. Li, “Multimodal Convolutional Neural Networks for
Matching Image and Sentence,” in 2015 IEEE International Conference on Computer

136




Hpacana Knexceesuh Hoxmopcra ducepmauuja

Vision (ICCV), Santiago, Chile: IEEE, Dec. 2015, pp. 2623-2631. doi:
10.1109/ICCV .2015.301.

[150] K. Gadzicki, R. Khamsehashari, and C. Zetzsche, “Early vs Late Fusion in Multimodal
Convolutional Neural Networks,” in 2020 IEEE 23rd International Conference on
Information Fusion (FUSION), Jul. 2020, pp- 1-6. doi:
10.23919/FUSION45008.2020.9190246.

137




[1:

[1:

import pandas as pd

MPWNOT 1 - MNMpenpouecupate

import plotly.express as px

from sklearn.ensemble import IsolationForest

from sklearn.linear_model import LinearRegression
import numpy as np
baza="EPSdataset INITIAL"

df

df
df

df

df

df

df
df

df
df

df .
df.

df
df

df.

df

df
df

df .

df

= pd.read_csv(baza +'.csv')

.loc[(df ['Month']
loc[(df ['Month']

.loc[(df['Month']
daf .

loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df['Month']
.loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

loc[(df ['Month']
loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

loc[(df ['Month']

.loc[(df ['Month']

loc[(df ['Month']
.loc[(df ['Month']

loc[(df ['Month']

.loc[(df ['Month']

== 'january') & (df['Year'] =
== 'january') & (df['Year'] =

== 'february') & (df['Year'] == 2014), 'MAXtemp']
== 'february') & (df['Year']

== 'march') & (df['Year
== 'march') & (df['Year

== 'april') & (df['Year'] == 2014), 'MAXtemp'] = 21.
== 'april') & (df['Year']l == 2014), 'MINtemp'] = -0.

== 'may') & (df['Year'] == 2014), 'MAXtemp']
== 'may') & (df['Year'] == 2014),

== 'june') & (df['Year'] == 2014),
== 'june') & (df['Year'] == 2014),

== 'july') & (df['Year'] == 2014),
== 'july') & (df['Year'] == 2014),

== 'august') & (df['Year'] ==
== 'august') & (df['Year'] ==

== 'september') & (df['Year']
== 'september') & (df(['Year']

2014),
2014),

'] == 2014), 'MAXtemp'] = 20.
'] == 2014), 'MINtemp'] = -2.

== 'october') & (df['Year'] == 2014),
== 'october') & (df['Year'] == 2014),

"MAXtemp']
'MINtemp']l = 7

"MAXtemp']
'MINtemp'] = 8

'MAXtemp']
'MINtemp']

== 2014), 'MINtemp'] =

25.4

'MINtemp'] = 0.5

Il
o]
co

[}
N
00

2014), 'MAXtemp'] =30
2014), 'MINtemp']l =8.

== 2014), 'MAXtemp']
== 2014), 'MINtemp']

'MAXtemp'] =
'"MINtemp']

13.8
-10.4




df .
df .

df .

df

df .

df

df
df

df .
.loc[(df ['Month']

df

df
df

df .
.loc[(df ['Month']

df

df
df

df
df

df
df

df
df

loc[(df['Month']
loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

'november') & (df['Vear'] =
‘november') & (df['Year'] =

'december') & (df['Year'] =
'december') & (df['Year']

.loc[(df ['Month']
.loc[(df ['Month']

loc[(df ['Month']

.loc[(df ['Month']

loc[(df ['Month']

.loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

loc[(df ['Month']

.loc[(df ['Month']
.loc[(df['Month']

loc[(df ['Month']

.loc[(df['Month']
.loc[(df['Month']

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

'january') & (df['Year'] =
'january') & (df['Year'] =

'february') & (df['Year']
'february') & (df['Year'] =

‘march') & (df['Year'] == 2
'march') & (df['Year'] == 2

'april') & (df['Year'] == 2
‘april') & (af['Year'] == 2

201
201

'may') & (df['Year']
'may') & (df['Year'] ==

'june') & (df['Year'] == 20
'june') & (df['Year'] == 20

'july') & (df['Year'] == 20
"july') & (df['Year'] == 20

‘august') & (df['Year'] ==
‘august') & (df['Year'] ==

'september') & (df['Year']
'september') & (df['Year'l

'october') & (df['Year'] ==
'october') & (df['Year'] ==

'november') & (df['Year'] =
'november') & (df['Year'] =

‘december') & (df['Year'] =
'december') & (df['Year'] =

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df['Month']

= 2014), 'MAXtemp'] = 18.2
= 2014), 'MINtemp'] = -2.6
= 2014), 'MAXtemp'] = 15

= 2014), 'MINtemp'] = -13.5
2015), 'MAXtemp'] = 13
2015), 'MINtemp'] = -13.5
= 2015), 'MAXtemp'] = 13

= 2015), 'MINtemp'] = -10
015), 'MAXtemp'] = 18
015), 'MINtemp'] = -4
015), 'MAXtemp'] = 23
015), 'MINtemp'] = -4.5
5), 'MAXtemp'] = 30

5), 'MINtemp'] = 4.9

15), 'MAXtemp'] = 29

15), 'MINtemp'] = 6.5

15), 'MAXtemp'] = 32.6
15), 'MINtemp'] = 11.8
2015), 'MAXtemp'] =33
2015), 'MINtemp'] =11.5

== 2015), 'MAXtemp'] =35
== 2015), 'MINtemp'] = 6.4

'january') & (df['Year'] ==
'january') & (df['Year'] ==

'february') & (df['Year'] =

2015), 'MAXtemp'] = 23
2015), 'MINtemp'] = 1.1
= 2015), 'MAXtemp'] = 8
= 2015), 'MINtemp'] = -3
= 2015), 'MAXtemp'] = 10
= 2015), 'MINtemp'] = -8.6
2016), 'MAXtemp'] = 15
2016), 'MINtemp'] = -156

= 2016), 'MAXtemp'] = 19.5




df .

df .

df

df

df .

df

df

df

df

df

df

df

df

df

df

df

df

df

df

df

loc[(df['Month']

loc[(df ['Month']

.loc[(df ['Month']

.loc[(df['Month']
df.

loc[(df['Month']

loc[(df ['Month']

.loc[(df ['Month']

.loc[(df ['Month']
df.

loc[(df ['Month']

.loc[(df ['Month']
daf .

loc[(df ['Month']

.loc[(df ['Month']
df .

loc[(df ['Month']

.loc[(df ['Month']
daf.

loc[(df ['Month']

.loc[(df['Month']
df.

loc[(df ['Month']

.loc[(df ['Month']
df.

loc[(df ['Month']

.loc[(df['Month']
df .

loc[(df['Month']

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df ['Month']
daf.

loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df ['Month']
df.

loc[(df ['Month']

.loc[(df['Month']

= 'march') & (df['Year']

'february') & (df['Year']
'march') & (df['Year'] ==
'march') & (df['Year'] ==
‘april') & (df['Year'
‘april') & (df['Year'] ==

‘may') & (df['Year'] == 2016), 'MAXtemp']
'may') & (df['Year'] == 2016), 'MINtemp']

'june') & (df['Year'] == 2
'june') & (df['Year'] == 2

'july') & (df['Year'] == 2
'july') & (df['Year'] == 2

‘august') & (df['Year'] ==
‘august') & (df['Year'] ==

'september') & (df['Year']
'september') & (df['Year']

== 2016), 'MINtemp'] = -3.6

'october') & (df['Year'] == 2016), 'MAXtemp']
'october') & (df['Year']l == 2016), 'MINtemp']

'november') & (df['Year']
‘november') & (df['Year']

= 'december') & (df['Year']

'december') & (df['Year']

'january') & (df['Year'] =
'january') & (df['Year'] =

'february') & (df['Year']
'february') & (df['Year']

'march') & (df['Year'] ==

'april') & (df['Year'] ==
'april') & (df['Year'] ==

'may') & (df['Year'] == 2017), 'MAXtemp'] =

2016), 'MAXtemp'] = 22.1
2016}, 'MINtemp'] = -3
2016), 'MAXtemp'] = 26.2
2016), 'MINtemp'] = -1.2
= 27.3
=1

016), 'MAXtemp'] = 29.2
016), 'MINtemp'] = 9.6
016), 'MAXtemp'] = 31.1
016), 'MINtemp']l = 9.7
2016), 'Mﬁxtemp'] =28.1
2016), 'MINtemp'] =9
== 2016), 'MAXtemp'] =26.2
== 2016), 'MINtemp'] = 6.6

= 22.6

= 0.4
== 2016), 'MAXtemp'] = 18.4
== 2016), 'MINtemp'] = -6.9
== 2016), 'MAXtemp'] = 16.1
== 2016), 'MINtemp'] = -9.4
= 2017), 'Mﬂxtemp'] = 9.2
= 2017), 'HINtemp'] = -19.2
== 2017), 'MAXtemp'] = 17.1
== 2017), 'MINtemp']l = -7
2017), 'Nﬁxtemp'] = 22,2
2017), 'MINtemp'] = -1.5
20173, 'MAKtemp'] = 23.4
2017), 'MINtemp'] = -3.5

25.4




df .

df .

df

df .
df .

df .

df

df .
df.

df

df .

df.
df.

df
@hi o

df .

df

df

df .

df
df

df

df.

df

df .

df

df .

df

df.

df

loc[(df['Month'] == 'may') & (df['Year'] == 2017), 'MINtemp'] = 2
loc[(df['Month'] == 'june') & (df['Year'] == 2017), 'MAXtemp'] = 31
.loc[(df ['Month'] == 'june') & (df['Year'] == 2017), 'MINtemp'] = 8.5
loc[(df['Month'] == 'july') & (df['Year'] == 2017), 'MAXtemp'] = 34.1
loc[(df['Month'] == 'july') & (df['Year'] == 2017), 'MINtemp'] = 10.86
loc[(df['Month'] == 'august') & (df['Year'] == 2017), 'MAXtemp'] =36
.loc[(df ['Month'] == 'august') & (df['Year'] == 2017), 'MINtemp'] =10.6
loc[(df['Month'] == 'september') & (df(['Year'] == 2017), 'MAXtemp'] =32
loc[(df['Month'] == 'september') & (df['Year'] == 2017), 'MINtemp'] = 4.5
.loc[(df['Month'] == 'october') & (df['Year'] == 2017), 'MAXtemp'] = 25
loc[(df ['Month'] == 'october') & (df['Year']l == 2017), 'MINtemp'] = -0.5
loc[(df['Month'] == 'november') & (df['Year'] == 2017), 'MAXtemp'] = 16.4
loc[(df ['Month'] == 'november') & (df['Year'] == 2017), 'MINtemp'] = -4.5
.loc[(df ['Month'] == 'december') & (df['Year'] == 2017), 'MAXtemp'] = 15.6
loc[(df ['Month'] == 'december') & (df['Year'] == 2017), 'MINtemp'] = -6.8
loc[(df['Month'] == 'january') & (df['Year'] == 2018), 'MAXtemp'] = 14.5
.loc[(df ['Month'] == 'january') & (df['Year'] == 2018), 'MINtemp'] = -17.6
.loc[(df ['Month'] == 'february') & (df['Year'] == 2018), 'MAXtemp'] = 13.6
loc[(df['Month'] == 'february') & (df['Year']l == 2018), 'MINtemp'] = -14.2
.loc[(df ['Month'] == 'march') & (df['Year'] == 2018), 'MAXtemp'] = 20.6
.loc[(df ['Month'] == 'march') & (df['Year'] == 2018), 'MINtemp'] = -15
.loc[(df['Month'] == 'april') & (df['Year'] == 2018), 'MAXtemp'] = 26
loc[(df['Month'] == 'april') & (df['Year'] == 2018), 'MINtemp'] = -0.2
.loc[(df['Month'] == 'may') & (df['Year'] == 2018), 'MAXtemp'] = 26.4
loc[(df ['Month'] == 'may') & (df['Year'] == 2018), 'MINtemp'] = 6.2
.loc[(df ['Month'] == 'june') & (df['Year'] == 2018), 'MAXtemp'] = 30.2
loc[(df['Month'] == 'june') & (df['Year'] == 2018), 'MINtemp'] = 6.6
.loc[(df ['Month'] == 'july') & (df['Year'] == 2018), 'MAXtemp'] = 28
loc[(df['Month'] == 'july') & (df['Year'] == 2018), 'MINtemp'] = 10
.loc[(df ['Month'] == 'august') & (df['Year'] == 2018), 'MAXtemp'] =28.1




[1:

df.loc[(df ['Month'] == 'august') & (df['Year'] == 2018), 'MINtemp'] =11

# IZVOR ZA DaylightHours

#
df

df

df

df

df

df
df

df
df

df .

df

df

df .

df .

df

df

df

KRR KKK AR ———m—mm —— —

/ SunshineHours

https://wuw.aladin. info/sr/srbija/uzice-klima#daylight_sunshine

loc[(df ['Month']
loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']
daf .

loc[(df ['Month']

.loc[(df ['Month']
df.
df .

loc[(df ['Month']
loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df ['Month']
.loc[(df ['Month']
.loc[(df ['Month']
.loc[(df ['Month']
.loc[(df ['Month']
.loc[(df['Month']
.loc[(df ['Month']
.loc[(df ['Month']
.loc[(df ['Month']

.loc[(df['Month'] == 'january') , 'DaylightHours'] = 9.4
df .
df .

'february') , 'DaylightHours'] =10.5
'march') , 'DaylightHours'] =12
'april') , 'DaylightHours'] =13.5
'may') 'DaylightHours'] =14.8
'june') , 'DaylightHours'] =15.4
'july') , 'DaylightHours'] =15.1
‘august') , 'DaylightHours'] =13.9
'september"') 'DaylightHours'] =12.5
'october') , 'DaylightHours'] =11
'november') , 'DaylightHours'] =9.7
'december') , 'DaylightHours'] =9

'january') , 'SunshineHours'] = 4.4
'february') , 'SunshineHours'] =4.1
'march') , 'SunshineHours'] =6.2
'april') , 'SunshineHours'] =8.9
'may ') 'SunshineHours'] =9.4
'june') , 'SunshineHours'] =9.9
'july') , 'SunshineHours'] =11
'august') , 'SunshineHours'] =11.3

'september') , 'SunshineHours'] =9

.loc[(df['CalculationPeriod']
df.

loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']

.loc[(df ['Month'] == 'october') 'SunshineHours'] =7
.loc[(df['Month'] == 'november') , 'SunshineHours'] =6
.loc[(df['Month'] == 'december') , 'SunshineHours'] =4.9
.loc[(df['CalculationPeriod'] == 'january 2014.'), 'MAXtemp'] = 13.8
.loc[(df['CalculationPeriod'] == 'january 2014.'), 'MINtemp'] = -10.4
loc[(df['CalculationPeriod'] == 'february 2014.') , 'MAXtemp'l = 19.5
.loc[(df['CalculationPeriod'] == 'february 2014.') , 'MINtemp'] = -9
.loc[(df['CalculationPeriod'] == 'march 2014.'), 'MAXtemp'] = 20.3
loc[(df['CalculationPeriod'] == 'march 2014.'), 'MINtemp'] = -2.4
loc[(df['CalculationPeriod'] == 'april 2014.') , 'MAXtemp'] = 21.3
.loc[(df['CalculationPeriod'] == 'april 2014.') 'MINtemp'] = -0.7

'may 2014.'), 'MAXtemp'] = 25.4
'may 2014.') , 'MINtemp'] = 0.5

'june 2014.') , 'MAXtemp'] = 28

o




df .

df .
.loc[(df ['CalculationPeriod']

df

df .

df

df .
.loc[(df ['CalculationPeriod']

df

df .

df

df

df

df .
df .

df
df

df .
df .

df
df

df
df

df
df

df

loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
daf .

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
df .

loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df ['CalculationPeriod']

loc[(df ['CalculationPeriod']
loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
daf .

loc[(df['CalculationPeriod']

'june 2014.') , 'MINtemp'l =7

‘july 2014.'), 'MAXtemp'] = 28.4
‘july 2014.') , 'MINtemp'] = 8

= 'august 2014.'), 'MAXtemp']
‘august 2014.'), 'MINtemp'] =8.6

=30.4

'september 2014.'), 'MAXtemp'] =23.4
'september 2014.'), 'MINtemp'] = 3.7

'october 2014.'),
'october 2014.')

'november 2014.

= 'november 2014.

'december 2014.
'december 2014.

")
")

")
")

' january 2015.'),
'january 2015.') , 'MINtemp'] = -13.5

'february 2015.
'february 2015.

'march 2015."')
'march 2015.')

‘april 2015.')
‘april 2015.')

'may 2015.') ,
'may 2015.') ,

'june 2015.')
'june 2015.') ,

'july 2015.') ,
'july 2015.') ,

'august 2015.')
'august 2015.')

= 'september 2015

'september 2015

'MAXtemp'] = 25.2

'MINtemp']

, 'MAXtemp'l]

=il .t

18.2

, 'MINtemp'] = -2.6

'MAXtemp'] = 15
'MINtemp'] = -13.5

'"MAXtemp'] = 13

i) '"MAXtemp'] = 13
) 'MINtemp'] = -10
, 'MAXtemp'] = 18
, 'MINtemp'] = -4
, 'MAXtemp'] = 23
, 'MINtemp'] = -4.5
'MAXtemp'] = 30
'"MINtemp'] = 4.9
'MAXtemp'] = 29
'MINtemp'] = 6.5
'MAXtemp'] = 32.6
'MINtemp'] = 11.8
, 'MAXtemp'] =33
. 'MINtemp'] =11.5

.') , 'MAXtemp'] =35

-1

'"MINtemp'] = 6.4




df

df.

df

df
df

df
df

df
df

df
df

df .
.loc[(df ['CalculationPeriod']

df

df
df

df
df

df
df

df

df

df

df

.loc[(df ['CalculationPeriod']
df .

loc[(df ['CalculationPeriod']

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df ['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
daf.

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

loc[(df ['CalculationPeriod']
daf.

loc[(df ['CalculationPeriod']

‘october 2015.') , 'MAXtemp']
'october 2015.') , 'MINtemp']

.3

6

olf

8.

'november 2015."') 'MAXtemp']
'november 2015.') , 'MINtemp']
'december 2015.') '"MAXtemp']
'december 2015.') 'MINtemp']
'january 2016.') , 'MAXtemp'] =
'january 2016.') , 'MINtemp'] =
‘february 2016.') 'MAXtemp']
'february 2016.') , 'MINtemp']
'march 2016.') , 'MAXtemp'] = 2
'march 2016.') , 'MINtemp'] = -
‘april 2016.') , 'MAXtemp'] = 2
'april 2016.') , 'MINtemp'] =
‘may 2016.') , 'MAXtemp'] = 27
'may 2016.') , 'MINtemp'] = 1
'june 2016.') , 'MAXtemp'] = 29.
'june 2016.') , 'MINtemp'] = 9.
'july 2016.') , 'MAXtemp'] = 31.
'july 2016.') , 'MINtemp'l = 9
‘august 2016.') , 'MAXtemp'] =2
'august 2016.') , 'MINtemp'] =9
'september 2016.') , 'MAXtemp']
'september 2016.') , 'MINtemp']

'october 2016.') , 'MAXtemp'l]

'october 2016.') , 'MINtemp']l =
'november 2016.') , 'MAXtemp']
'november 2016.') , 'MINtemp']
'december 2016.') , 'MAXtemp']
'december 2016.') , 'MINtemp']

23
1.1

1

=26.2
6.6

22.6
0.4

18.4
-6.9

16.1
-9.4




df

df.

df

df

df .

df

df
df

df
df

df
df

df
df

df .
.loc[(df ['CalculationPeriod']

df

df
df

df
df

df
df

df
df

df
df

df
df

.loc[(df['CalculationPeriod']
df .

loc[(df ['CalculationPeriod']

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
df .

loc[(df['CalculationPeriod']

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df ['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

'january 2017.') , 'MAXtemp'] = 9.2
'january 2017.') , 'MINtemp'] = -19.2
'february 2017.') 'MAXtemp‘] =17.1
'february 2017.') , 'MINtemp'] = -7
'march 2017.') , 'MAXtemp'] = 22.2
‘march 2017.') , 'MINtemp'] = -1.5
‘april 2017.') , 'MAXtemp'] = 23.4
'april 2017.') , 'MINtemp'] = -3.5
‘may 2017.') , 'MAXtemp'] = 25.4
'may 2017.') , 'MINtemp'] = 2
' june 2017.') , 'MAXtemp'] = 31
' june 2017.') , 'MINtemp'] = 8.5
'july 2017.') , 'MAXtemp']l = 34.1
'july 2017.') , ‘MINtemp'] = 10.6
‘august 2017.') , 'MAXtemp'] =36
‘august 2017.') , 'MINtemp'] =10.6
'september 2017.') '"MAXtemp'] =32
'september 2017.') '"MINtemp'] = 4.5
'october 2017.') , 'MAXtemp']l = 25
'october 2017.') , 'MINtemp']l = -0.5
'november 2017.') 'MAXtemp'] = 16.4
'november 2017.') , 'MINtemp'] = -4.5
'december 2017.') 'MAXtemp'] = 15.8
'december 2017.') 'MINtemp'] = -6.8
'january 2018.') , 'MAXtemp'] = 14.5
'january 2018.') , 'MINtemp']l = -17.6
'february 2018.') '"MAXtemp'] = 13.6
'february 2018.') 'MINtemp'] = -14.2
= 'march 2018.'), 'MAXtemp'] = 20.6

'march 2018.') , 'MINtemp'] = -15




df.loc[(df['CalculationPeriod'] == 'april 2018.') , 'MAXtemp'] = 26

df .loc[(df['CalculationPeriod'] == 'april 2018.') , 'MINtemp'] = -0.2

df .loc[(df['CalculationPeriod'] == 'may 2018.') , 'MAXtemp'] = 26.4

df.loc[(df ['CalculationPeriod'] == 'may 2018.') , 'MINtemp'] = 6.2

df .loc[(df ['CalculationPeriod'] == 'june 2018.') , 'MAXtemp'] = 30.2

df.loc[(df['CalculationPeriod'] == 'june 2018.') , 'MINtemp'] = 6.6

df .loc[(df['CalculationPeriod'] == 'july 2018.') , 'MAXtemp'] = 28

df .loc[(df ['CalculationPeriod'] == 'july 2018.') , 'MINtemp'] = 10

df.loc[(df ['CalculationPeriod'] == 'august 2018.') , 'MAXtemp'] =28.1

df.loc[(df ['CalculationPeriod'] == 'august 2018.') , 'MINtemp'] =11

F et B e

#  DNEVNA SVETLOST PROSECNO

df .loc[(df ['CalculationPeriod'] == 'january 2014.'), 'NoOfClearDays'] =3

df .loc[(df ['CalculationPeriod'] == 'january 2014.'), 'NoOfCloudyDays'] =14

df .loc[(df ['CalculationPeriod'] == 'january 2014.'), 'InsolationInHours'] =94.1

df .loc[(df ['CalculationPeriod'] == 'february 2014.') , 'NoOfClearDays'] = 3

df .loc[(df ['CalculationPeriod'] == 'february 2014.') , 'NoOfCloudyDays'] = 7

df .loc[(df ['CalculationPeriod'] == 'february 2014.'), 'InsolationInHours'] =115.
=1

df .loc[(df ['CalculationPeriod'] == 'march 2014.'), 'NoOfClearDays'] = 7

df .loc[(df['CalculationPeriod'] == 'march 2014.'), 'NoOfCloudyDays'] = 11

df .loc[(df['CalculationPeriod'] == 'march 2014.'), 'InsolationInHours'] =180.6

df .loc[(df['CalculationPeriod'] == 'april 2014.') 'NoOfClearDays'] = 0

df.loc[(df ['CalculationPeriod'] == 'april 2014.') , 'NoOfCloudyDays'] = 12

df.loc[(df['CalculationPeriod'] == 'april 2014.'), 'InsolationInHours']l =109.8

df.loc[(df['CalculationPeriod'] == 'may 2014.'), 'No0fClearDays'] = 2

df .loc[(df['CalculationPeriod'] == 'may 2014.') , 'NoOfCloudyDays'] = 14

df .loc[(df['CalculationPeriod'] == 'may 2014.'), 'InsolationInHours'] =189.7

df .loc[(df ['CalculationPeriod'] == 'june 2014.') , 'NoOfClearDays'] = 5

df .loc[(df['CalculationPeriod'] == 'june 2014.') , 'NoOfCloudyDays'] = 8

df .loc[(df ['CalculationPeriod'] == 'june 2014.'), 'InsolationInHours'] =225.2

df .loc[(df['CalculationPeriod'] == 'july 2014.'), 'NoOfClearDays'] = 2

df.loc[(df ['CalculationPeriod'] == 'july 2014.') 'NoOfCloudyDays'] =4

df .loc[(df ['CalculationPeriod'] == 'july 2014.'), 'InscolationInHours'] =278.4




df .
df .
df .

df .
df .
df .

df .
.loc[(df ['CalculationPeriod']
daf .

df

df

df

df .
.loc[(df ['CalculationPeriod']
daf.

df

loc[(df['CalculationPeriod']
loc[(df ['CalculationPeriod']
loc[(df ['CalculationPeriod']

loc[(df ['CalculationPeriod']
loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
df.
.loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriocd']
.loc[(df['CalculationPeriod']

.loc[(df['CalculationPeriocd']
.loc[(df['CalculationPeriod']

loc[(df ['CalculationPeriod']

loc[(df['CalculationPeriod']

+=101.4

df

df .
df .
.loc[(df ['CalculationPeriod']

df

df

df .

df

df.

.loc[(df ['CalculationPeriod']
df.
daf .

loc[(df['CalculationPeriod']
loc[(df ['CalculationPeriod']

loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']

.loc[(df ['CalculationPeriod']
df.
df .

loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']

loc[(df ['CalculationPeriod']

.loc[(df['CalculationPeriod']
df.

loc[(df['CalculationPeriod']

loc[(df['CalculationPeriod']

‘august 2014.'), 'NoOfClearDays'] =7
‘august 2014.'), 'NoOfCloudyDays'] =3
'august 2014.'), 'InsolationInHours'] =268.6

'september 2014.'), 'NonClearDays'] =3
'september 2014.'), 'NoDfCloudyDays'] =11
'september 2014.'), 'InsolationInHours'] =125

'october 2014.'),

'october 2014.')

'october 2014.'),

'november
'november
'november

'december
'december
'december

' january 2015.'),
' january 2015.') ,
'january 2015.') ,

2014.
2014.
2014.

2014.
2014.
2014.

'february 2015.
'february 2015.
'february 2015.

2015
2015
2015

'march
'march
'march

2015
2015
2015

'april
'april
'april

'may 2015.")
'may 2015.')
'‘may 2015.')

'june 2015.
'june 2015.
'june 2015.

'july 2015.

10

")
D
)

)

)
)
)

)
)
)

3

! ) E)
")
! ) 2

")
)
r

'NoOfClearDays'] = 8
, 'NoOfCloudyDays']l =13
'InsolationInHours'] =137.7

'NoOfClearDays'] = 5

, 'NoDfCloudyDays'] =13
'InsolationInHours'] =94.6
'NoOfClearDays'] = 7
'NoOfCloudyDays'] = 16
'InsolationInHours'] =66.4

'"NoDfClearDays'] = 3
'NoOfCloudyDays'] =17
"InsolationInHours'] =80.8

') , 'NoOfClearDays'] = 6
') , 'NoOfCloudyDays'] = 12
') , 'InsolationInHours']

'NoOfClearDays'] = 3
'NoOfCloudyDays'] = 16
'InsolationInHours'] =108.1

'NoOfClearDays'] = 6
'NoOfCloudyDays'] = 6
'InsolationInHours'] =210.6

'NoOfClearDays'] = 4
'NoOfCloudyDays'] = 10
'InsolationInHours'] =206.2

'NoOfClearDays'] = 4
'NoOfCloudyDays'] = 7
'InsolationInHours'] =242.8

'NoOfClearDays'] = 11




df.loc[(df ['CalculationPeriod'] == 'july 2015.') , 'NoOfCloudyDays'] = 2
df.loc[(df['CalculationPeriod'] 'july 2015.') , 'InsolationInHours'] =325.3

df.loc[(df ['CalculationPeriod'] 'august 2015.') , 'NoOfClearDays'] =12
df .loc[(df['CalculationPeriod'] == 'august 2015.') , 'NoOfCloudyDays'] =4
df.loc[(df ['CalculationPeriod'] == 'august 2015.') , 'InsolationInHours']=269.3

df.loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df .loc[(df ['CalculationPeriod']
+=185.2

'september 2015.') , 'NoOfClearDays'] =5
'september 2015.') , 'NoOfCloudyDays'] =12
'september 2015.') , 'InsolationInHours'],

df.loc[(df ['CalculationPeriod']
df.loc[(df ['CalculationPeriod']

‘october 2015.') , 'NoOfClearDays'] = 0
'october 2015.') , 'NoOfCloudyDays'] = 12

df.loc[(df ['CalculationPeriod'] == 'october 2015.') , 'InsolationInHours'] =123.
o7
df.loc[(df['CalculationPeriod'] == 'november 2015.') , 'NoOfClearDays'] = 12
df.loc[(df ['CalculationPeriod'] == 'movember 2015.') , 'NoOfCloudyDays'] = 7
df.loc[(df ['CalculationPeriod'] == 'november 2015.') , 'InsolationInHours'],
~+=154.1
df.loc[(df['CalculationPeriod'] == 'december 2015.') , 'NoOfClearDays'] = 15
df.loc[(df['CalculationPeriod'] == 'december 2015.') , 'NoOfCloudyDays'] = 7
df.loc[(df['CalculationPeriod'] == 'december 2015.') , 'InsolationInHours'] =163
# _______ A —— Jp—— J A ———
df .loc[(df ['CalculationPeriod'] == 'january 2016.') , 'NoOfClearDays'] = 2
df .loc[(df ['CalculationPeriod'] == 'january 2016.') , 'NoOfCloudyDays'] = 14
df.loc[(df ['CalculationPeriod'] == 'january 2016.') , 'InsolationInHours'] =80.5
df.loc[(df ['CalculationPeriod'] == 'february 2016.') , 'NoOfClearDays'] = 1
df.loc[(df['CalculationPeriod'] == 'february 2016.') , 'NoOfCloudyDays'] = 7
df.loc[(df ['CalculationPeriod'] == 'february 2016.') , 'InsolationInHours'] =91.
'.‘8
df.loc[(df['CalculationPeriod'] == 'march 2016.') , 'No0fClearDays'] = 4
df.loc[(df ['CalculationPeriod'] == 'march 2016.') , 'NoOfCloudyDays'] = 14
df.loc[(df['CalculationPeriod'] == 'march 2016.') , 'InsolationInHours'] =106.8
df .loc[(df ['CalculationPeriod'] == 'april 2016.') , 'NoOfClearDays'] = 7
df.loc[(df['CalculationPeriod'] == 'april 2016.') , 'NoOfCloudyDays'l = 10
df.loc[(df['CalculationPeriod'] == 'april 2016.') , 'InsolationInHours'] =190.3
df .loc[(df['CalculationPeriod'] == 'may 2016.') , 'NoOfClearDays'] = 4
df .loc[(df ['CalculationPeriod'] == 'may 2016.') , 'NoOfCloudyDays'] = 8
df .loc[(df['CalculationPeriod'] == 'may 2016.') , 'InsolationInHours'] =192.2

11




df .loc[(df ['CalculationPeriod']
df.loc[(df['CalculationPeriod']
df.loc[(df['CalculationPeriod']

df .
df
df

loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

df .loc[(df ['CalculationPeriod']
df.loc[(df['CalculationPeriod']
df .loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']
-230.9

df.loc[(df['CalculationPeriod']

df .loc[(df ['CalculationPeriod']

df.loc[(df['CalculationPeriod']
<5

df.loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']
~+=128.2

df.loc[(df ['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']
+=131.4

df.loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']
4

df.loc[(df ['CalculationPeriod']

df .loc[(df ['CalculationPeriod']

df.loc[(df['CalculationPeriod']
+=100.3

df .loc[(df['CalculationPeriod']

' june
' june
' june

"july
"july
'july

2016
2016
2016

2016
2016
2016

")
.
.07

')
-1
-1

'august 2016.')
‘august 2016.')
'august 2016.')

'september 2016.
'september 2016.
'september 2016.

'october 2016.') ,
'october 2016.') ,
'october 2016.') ,

'november

'november

'november

'december

'december
'december

'january 2017.') ,
'january 2017.') ,
'january 2017.') ,

2016.
2016.
2016.

2016.
2016.
2016.

'february 2017.
'february 2017.
'february 2017.

'march 2017.') , 'NoOfClearDays']

12

'NoDfClearDays'] = 2
'NoOfCloudyDays'] = 5
'InsolationInHours'] =225.7

'NoOfClearDays'] = 10
'NoOfCloudyDays'] = 3
'InsolationInHours'] =280.2

, 'NoDfClearDays'] =8
, 'NoOfCloudyDays'] =6
, 'InsolationInHours'] =235.8

') , 'NoOfClearDays'] =5

Uy 'NoOfCloudyDays'] =6

'Y , 'InsolationInHours'] =,
'NoOfClearDays'] = 0
'"NoOfCloudyDays'] = 15
'InsolationInHours'] =106.

') , 'NoOfClearDays'] = 5

') , 'NoOfCloudyDays'] = 14

'Y , 'InsolationInHours'],

') , 'NoOfClearDays'] = 12

') , 'NoDfCloudyDays'l = 7

') , 'InsolationInHours'],
'NoOfClearDays'] = 6
'NoOfCloudyDays'] = 14
'InsolationInHours'] = 97.

') , 'NoOfClearDays'] = 5

') , 'NoOfCloudyDays'] = 12

') , 'InsolationInHours'],

7




df .
df .

loc[(df['CalculationPeriod']
loc[(df ['CalculationPeriod']

df.loc[(df['CalculationPeriod']
df .loc[(df ['CalculationPeriod']
df.loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']
df.loc[(df['CalculationPeriod']
df .loc[(df ['CalculationPeriod']

df .
df .
df .

loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']
df .loc[(df['CalculationPeriod']
df.loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']

df.loc[(df ['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df.loc[(df ['CalculationPeriod']

df .loc[(df['CalculationPeriod']
+=189

df.loc[(df ['CalculationPeriod']

df .loc[(df['CalculationPeriod']

df.loc[(df ['CalculationPeriod']
~+204.3

df .loc[(df ['CalculationPeriod']

df.loc[(df ['CalculationPeriod']

df .loc[(df['CalculationPeriod']
+=102.8

df.loc[(df['CalculationPeriod']
df.loc[(df ['CalculationPeriod']
df.loc[(df['CalculationPeriod']
1

df.loc[(df ['CalculationPeriod']
df.loc[(df ['CalculationPeriod']

'march 201
'march 201

'april 201
'april 201
'april 201

'may 2017.
‘may 2017.
'may 2017.

2017
2017
2017

' june
' june
' june
2017

2017
2017

'july
'july
"july

7
7

)
")

7
7
T

)
)
-

! ) »
! ) »
! ) »

513
-1
)

)
)
500

]

'august 2017.')
'august 2017.')
'august 2017.')

'september 2017.
'september 2017.
'september 2017.

'october 2017.') ,
'october 2017.') ,
'october 2017.') ,

'november
'november
'november

'december
'december
'december

2017.
2017.
2017.

2017.
2017.

2017

» 'NoOfCloudyDays'] = 8
, 'InsolationInHours']

185.1

, 'NoOfClearDays'] 3
, 'NoDfCloudyDays'] = 12
, 'InsolationInHours'] =150.6

'NoOfClearDays'] = 5
'NoOfCloudyDays'] = 5
'InsolationInHours'] =211.7

'NoOfClearDays'] = 6
'NoOfCloudyDays'] = 5
'InsolationInHours'] = 282.5

'NoOfClearDays'] = 14
'NoOfCloudyDays'] = 2
'InsolationInHours'] =318.2

, 'NoOfClearDays'] =17
, 'NoOfCloudyDays'] =3
, 'InsolationInHours'] =300

') , 'NoOfClearDays'] =3
') , 'NoOfCloudyDays'] = 6
'} , 'InsolationInHours'],,
'NoOfClearDays'] = 11
'NoOfCloudyDays'] = 5
'InsolationInHours'] =
') , 'NoOfClearDays'] = 6
') , 'NoOfCloudyDays'] = 14
') , 'InsolationInHours']
') , 'NoOfClearDays'] = 3
') , 'NoOfCloudyDays'] = 19
.') , 'InsolationInHours'] =71.

'january 2018.') , 'NoOfClearDays'] = 6
'january 2018.') , 'NoOfCloudyDays']l = 11
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[1:

df.loc[(df['CalculationPeriod']
<8

df.loc[(df['CalculationPeriod']

df.loc[(df['CalculationPeriod']

df.loc[(df ['CalculationPeriod']
=9

df .
df .
df .

loc[(df['CalculationPeriod']
loc[(df ['CalculationPeriod']
loc[(df['CalculationPeriod']

df.loc[(df ['CalculationPeriod']
df.loc[(df ['CalculationPeriod']
df.loc[(df['CalculationPeriod']

df
df
df

.loc[(df ['CalculationPeriod']
.loc[(df ['CalculationPeriod']
.loc[(df['CalculationPeriod']

df.
df .
df

loc[(df['CalculationPeriod']
loc[(df['CalculationPeriod']
.loc[(df['CalculationPeriod']

df .loc[(df['CalculationPeriod']
df.loc[(df['CalculationPeriod']
df.loc[(df['CalculationPeriod’']

df
df
df

.loc[(df['CalculationPeriod']
.loc[(df ['CalculationPeriod']
.loc[(df ['CalculationPeriod']

dictionary={'january 2014."':
'february 2014.':'5.6',
'march 2014.':'7.1"',
'april 2014.':'9.2"',

'may 2014.':'12.3',

'june 2014.':'16.9',
'july 2014.':'18.9"',
'august 2014.':'18.7',
'september 2014.':'14.1',
'october 2014.':'10.7',
'november 2014.':'7.6',
'december 2014.':'1.6"',
'january 2015.':'1.4',
'february 2015.':'0.7',
'march 2015.':'3.4',

F4I,

'january 2018.') , 'InsolationInHours'] =112.

'february 2018.') ’NonClearDays'] =0
'february 2018.') 'NoOfCloudyDays'] = 17
'february 2018.') , 'InsolationInHours'] =58.

'march 2018.'), 'NoOfClearDays'] = 0O

'march 2018.') , 'NoOfCloudyDays'] =18
'march 2018.') , 'InsolationInHours'] =102.3
'april 2018.') , 'NoOfClearDays'] = 9
'april 2018.') , 'NoOfCloudyDays'] = 6
‘april 2018.') , 'InsolationInHours'] =218
'may 2018.') , 'NoOfClearDays'] = 5

'may 2018.') , 'NoOfCloudyDays'] = 4

'may 2018.') , 'TnsolationInHours'] = 275.1
' june 2018.') , 'NonClearDays'] =0

‘june 2018.') , 'NoOfCloudyDays']l = 11
'june 2018.') , 'InsolationInHours'] =165.4
'july 2018.') , 'NoOfClearDays'] = 3

'july 2018.') , 'NoOfCloudyDays'] = 8

‘july 2018.') , 'InsolationInHours'] =217.9

'august 2018.') ,
'august 2018.') ,
'august 2018.') ,

'NoOfClearDays'] =14
'NoOfCloudyDays'] =4

'InsolationInHours'] =280.4
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'april 2015.':'8.6',
'may 2015.':'15.4"',
'june 2015.':'17.2',
'july 2015.':'22.3"',
'august 2015.':'22.1"',
'september 2015.':'17.1°',
'october 2015.':'9.7',
'november 2015.':'8.1"',
'december 2015.':'4.1"',
' january 2016.':'0.9',
'february 2016.':'6.7',
'march 2016.':'4.8"',
'april 2016.':'12.3',
'may 2016.':'12.8',
'june 2016.':'18.1"',
"july 2016.':'20"',
'august 2016.':'17.8',
'september 2016.':'15.9',
'october 2016.':'8.3',
'november 2016.':'5.5"',
'december 2016.':'0.2"'
' january 2017.':'-5.2',
'february 2017.':'3.6',
'march 2017.':'8.2',
'april 2017.':'8.2',
'may 2017.':'14.2',
'june 2017.':'19.9°',
'july 2017.':'21.4°',
'august 2017.':'22.5',
'september 2017.':'14.9',
'october 2017.':'11.2',
'november 2017.':'5.2',
'december 2017.':'1.9"',
'january 2018.':'2.8',
'february 2018.':'-1"',
'march 2018.':'3.8',
'april 2018.':'14.5',
'may 2018.':'16.6',
'june 2018.':'17.3',
'july 2018.':'18.6"',
'august 2018.':'20.8',
¥
}

df ['AVG_TEMPERATURE'] = df ['CalculationPeriod'] .map(dictionary)
def enkoder(kolona):

Meann = df .groupby([kolonal) ['ConsumptionInkwh'] .mean().to_dict()

return Meann




df ['AVGconsumption'] = df ['CONSUMER'] .map (enkoder (' CONSUMER'))
# df.to_csv(”sa vremenskim kolonama.csv"”, index=False)
print ("0K")

letnjiMeseci=['april 2014.', 'april 2015.', 'april 2016.', 'april 2017.',.
~'april 2018.', 'may 2014.', 'may 2015.', 'may 2016.', 'may 2017.', 'may 2018.
'june 2014.', 'june 2015.', 'june 2016.', 'june 2017.', 'juney,
+2018. ', "'july 2014.', 'july 2015.', 'july 2016.', 'july 2017.', 'july 2018.°',
'august 2014.', 'august 2015.', 'august 2016.', 'august 2017.',,
~'august 2018.','september 2014.', 'september 2015.', 'september 2016.',,
- 'september 2017.',

'october 2014.', 'october 2015.', 'october 2016.', 'october 2017.

1]

zimskiMeseci=['january 2014.', 'january 2015.', 'january 2016.', 'january 2017.

', 'january 2018.','february 2014.', 'february 2015.', 'february 2016.',_
«'february 2017.', 'february 2018.°',
'march 2014.', 'march 2015.', 'march 2016.', 'march 2017.',,
~'march 2018.', 'november 2014.', 'november 2015.', 'november 2016.',,
~'november 2017.',
'december 2014.', 'december 2015.', 'december 2016.', 'december,
.2017.']
df .loc[(df ['CalculationPeriod'].isin(letnjiMeseci)), 'Summer/WinterTime'] =,
~'Daylight saving time'
df .loc[(df['CalculationPeriod'] .isin(zimskiMeseci)), 'Summer/WinterTime'] =,
~'Standard time'

kolone=['CONSUMER', 'CONSUMER_CATEGORY', 'ZONE', 'PERIOD_OD', 'PERIOD_DO',
'CONSUMER_GROUP', 'STANJE_MT', 'PRETHODNO_STANJE _MT', 'STANJE_VT',
'PRETHODNO_STANJE_VT', 'NISKApot', 'VISOKApot',

'NOdays', 'Year', 'Month', 'CalculationPeriocd', 'Seasons', 'timeidx',
'Trends', 'MAXtemp', 'MINtemp', 'NoOfClearDays','Summer/WinterTime',
'NoOfCloudyDays', 'InsolationInHours', 'DaylightHours', 'SunshineHours'

'AVG_TEMPERATURE', 'razlikaOdMAX', 'razlikaOdMIN', 'AVGconsumption',
'ConsumptionZonelMB', 'ConsumptionZone',
'lmonthBefore', 'ZmonthBefore', '3monthBefore', 'ConsumptionInkwh']
df = df reindex(kolone, axis=1)
decimals = pd.Series([3,3,0,0,0,3,0,0,3,0],,
~index=['scores', 'Trends', 'imonthBefore', '2monthBefore’,
W]
- '3monthBefore', 'AVGconsumption', 'razlikaOdMAX',

(]

='razlikaOdMIN', '3monthAvg', 'ConsumptionInkwh'])
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[1:

[1:

df .round(decimals) .to_csv('dopunjen set.csv',index=False)

df .drop(index=df [df ['CONSUMER_GROUP'] =='Low voltage'].index, inplace=True)

df .drop(index=df [df ['CONSUMER_GROUP'] =='Medium voltage 10KV'].index,
.inplace=True) df['ConsumptionInkwh'] = df['ConsumptionInkwh'].
astype('float64')

df .drop(['Year', 'PRETHODNO_STANJE_MT', 'STANJE_VT', 'STANJE_MT',,
.'"PRETHODNO_STANJE_VT',

'potVT', 'potMT'], axis='columns', inplace=True)

print(df.info())

#KRETRANJE NOVOG DF 0D KATEGORICKIH KOLONA

kategorickeKolone = df.select_dtypes(include=['object']).copy()

print ('\n\nkategoricke\n',kategorickeKolone.columns)

numericke=df .select_dtypes(include=['int64', 'float64']) .copy()

print (' \n\nnumericke\n',numericke.columns)

X=df.select_dtypes(include=['int64', 'float64']).copy()

y=df.loc[:, 'ConsumptionInkwh']

iforest = IsolationForest(n_estimators=100, max_samples='auto',

contamination='auto', #maz_features=2,
bootstrap=True, n_jobs=-1, random_state=5, verbose=1)

pred= iforest.fit_predict(X)

df ['scores']=iforest.decision_function(X)

df [['scores']] = df[['scores']].round(3)

df ['anomaly_label']=pred

df ['anomaly']=df ['anomaly_label'].apply(lambda x: 'outlier' if x==-1 else,

'inlier')
fig=px.histogram(df,x='scores',color='anomaly')
fig.show()
df .drop(index=df [df ['anomaly_label']l ==-1].index, inplace=True)
df .drop(['anomaly_label', 'anomaly'l, axis='columns', inplace=True)

grupisanoPoPotrosacu=df.groupby (' CONSUMER')

def brojanje(POTROSAC) :
broj = grupisanoPoPotrosacul'CONSUMER'].count()
return broj

df .drop(['Trends' ], axis='columns', inplace=True)
df ['timeidx'] = df.groupby(['CONSUMER']) .cumcount ()
def linear_model (dfrejm):
y = dfrejm[['ConsumptionInkwh']].values
X = dfrejm[['timeidx']].values
return np.squeeze(LinearRegression().fit(X, y).coef_ )

trends_by_group = df.groupby('CONSUMER') .apply(linear_model).
‘to_frame(name='Trends') .reset_index()

rezultat = df.merge(trends_by_group, how='left', on='CONSUMER')

df=rezultat

17




[1:

[1:

def MIN(POTROSAC):

razlikaMIN = df.groupby ([POTROSAC]) ['ConsumptionInkwh'] .min() .to_dict()
return razlikaMIN

def MAX(POTROSAC):

df ['razlikaOdMAX']
df ['razlikaOdMIN']

razlikaMAX = df.groupby ([POTROSAC]) ['ConsumptionInkwh'] .max().to_dict()
return razlikaMAX

df ['CONSUMER'] .map (MAX (' CONSUMER'))
df ['CONSUMER'] .map (MIN('CONSUMER'))

df ['razlika0dMAX'] = df['razlikaOdMAX']-df['ConsumptionInkwh']
df ['razlikaOdMIN'] =df['ConsumptionInkwh']-df ['razlikaOdMIN']

def enkoder(kolona):

Meann = df .groupby([kolonal) ['ConsumptionInkwh'] .mean() .to_dict()
return Meann

df ['AVGconsumption'] = df ['CONSUMER'] .map(enkoder ('CONSUMER')) # OVA KOLONA,

2DAJE ISTE REZULTATE KAO PRVA KOLONA CONSUMER

df [['Trends', 'scores','AVGconsumption']] = df[['Trends', 'scores',,

.' AVGconsumption']] .round(3)

df ['indexLag'] = df.groupby(['CONSUMER']) .cumcount ()
def enkoder(potrosac):

Meann = df .groupby([potrosac]) ['ConsumptionInkwh'].mean().to_dict()
#print (Meann)
return Meann

df [ 'kolonaMEANpoPOT'] = df ['CONSUMER'] .map (enkoder ('CONSUMER'))
# print(df.head())
# Lagg = df.groupby(['CONSUMER']) ['ConsumptionInkwh'].mean().to_dict()

df ['imonthBefore'] = df.groupby(['CONSUMER']) ['ConsumptionInkwh'].shift (1)

df [' 2monthBefore']

df . groupby (['CONSUMER']) [' ConsumptionInkwh'] .shift(2)

df ['3monthBefore'] = df.groupby(['CONSUMER']) ['ConsumptionInkwh'] .shift(3)

df=df.fillna(0)

df
df
df

df
df

df
df

.loc[df['imonthBefore'] == 0, "imonthBefore"] =df['kolonaMEANpoPOT']
.loc[df['2monthBefore'] == 0, "2monthBefore"] =df['kolonaMEANpoPOT']
.loc[df['3monthBefore'] == 0, "3monthBefore"] =df['kolonaMEANpoPOT']
.drop(['kolonaMEANpoPOT'], axis=1, inplace=True)

.drop(['indexLag'], axis=1, inplace=True)

.loc[df['imonthBefore'] <=350, "ConsumptionZonelMB"] ='GREEN ZONE'
.loc[(df [' imonthBefore'] >350) & (df['imonthBefore'] <=1600) ,,
.'ConsumptionZonelMB'] = 'BLUE ZONE'

18




df.loc[df['imonthBefore'] >1600, "ConsumptionZonelMB"] ='RED ZONE'

df .loc[df['ConsumptionInkwh'] <=350, "ConsumptionZone"] ='GREEN ZONE'

df.loc[(df['ConsumptionInkwh'] >350) & (df['ConsumptionInkwh'] <=1600) ,_
\'Consu.mptionZone'] = 'BLUE ZONE'

df.loc[df['ConsumptionInkwh'] >1600, "ConsumptionZone"] ='RED ZONE'
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import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from temsorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReducelLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from sklearn.model_selection import KFold, StratifiedKFold, cross_val_score
from termcolor import colored, cprint

from numpy import unique

from keras import metrics

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')
print('0K')

ct = datetime.datetime.now()

print("start current time:-", ct)

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,
with_scaling=True, unit_variance=True)

ss=StandardScaler()

loe=LeaveOneOutEncoder ()

X=df

x_columns = X.columns.drop('ConsumptionInkwh')}

x = X[x_columns] .values

y = X['ConsumptionInkwh'].values

target_col=[ 'CONSUMER' ]

features_num = [
'AVG_TEMPERATURE',
'MAXtemp', 'MINtemp',
'humidityIn®','precipitationIn_mm',
'NOfDwithPrecipitation’,
'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',
'DaylightHours', 'SunshineHours',
'WorkDay',
'Weekend',
'Holiday',
# 'Praznik’,
'scores', 'Trends',
'imonthBefore','2monthBefore', '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN',

]




features_cat = [
'CONSUMER_CATEGORY',
'CONSUMER_GROUP',
'CalculationPeriod',
'Seasons’',
'ConsumptionZone',
'ConsumptionZonelMB',
'ZONE' ,
'Summer /WinterTime',
]
X_train, x_test, y_traim, y_test = train_test_split(
df .drop('ConsumptionInkwh',axis=1),df.ConsumptionInkwh,
test_size=0.20, random_state=56)

zaposle=pd.DataFrame (x_test)
num_pipe = Pipeline(steps=[
('robust', robust),
# ('ss', ss),
D
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
# ('ss', ss),
D
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder()),
('robust', robust),
# ('ss', ss)

D

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('cat', cat_pipe, features_cat),
('num', num_pipe, features_num),

1, remainder='drop')
X_train =preprocessor.fit_transform(x_train,y_train)
X_test = preprocessor.transform(x_test)
%x_trainl=x_train
x_testl=x_test
x_train = pd.DataFrame(x_train)#,columns=z_columns)

x_test = pd.DataFrame(x_test)#, columns=z_columns)

input_shape = [x_train.shape[1]]
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x=input_shape
print("Input shape: {}".format(input_shape))
x=x_train

winsound.Beep(940, 200)
print ("0K")
class CustomCallback(Callback):
def __init__(self):
super (CustomCallback, self).__init__()
self .min_val_mape = np.inf
self .best_epoch = 0

def on_epoch_end(self, epoch, logs=None):
current_val_mape = logs.get('val_mean_absolute_percentage_error')
if current_val_mape is not None and current_val_mape < self.
min_val_mape:
self .min_val_mape = current_val_mape
self .best_epoch = epoch
custom_callback = CustomCallback()

def plott_history(history):
hist=pd.DataFrame(history.history)
hist['epoch']=history.epoch
plt.title(baza+' |  MAPE= {:0.3F}'.format(score[1])+" %")
plt.xlabel ('MAPE')
plt.plot(hist['epoch'] ,hist['mean_absolute_percentage_error'],label='MAPE,
Train Error')
plt.plot(hist['epoch'], hist['val_mean_absolute_percentage_error'],,
.label="'MAPE Val Error')
plt.legend ()
plt.savefig(str(today)+' MAPE= {:0.3F} chart_regression.png'.
format (score[1]), dpi=600, bbox_inches='tight')
min_val_loss = min(epochs_hist.history['val_loss'])
min_val_loss_epoch = epochs_hist.history['val_loss'].index(min_val_loss) + 1
plt.annotate(f'Min Validation Loss: {min_val_loss:.4f}\nEpoch:
Amin_val_loss_epoch}',
xy=(min_val_loss_epoch, min_val loss), xycoords='data',
xytext=(10, 30), textcoords='offset points',
arrowprops=dict (arrowstyle="->"))

plt.grid(True)
plt.show()
histories = []

initial_learning_rate = 0.74184
11r=[]




def 1r_exp_decay(epoch, 1r):
k = 0.07
11lr.append(lr)
return initial_learning_rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate,
rho=0.99,
decay=0.0001,
epsilon=1e-07) #1e-07, )

ctl = datetime.datetime.now()
print ("\n\ncurrent time:-", ctl)

class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
decay = self .model.optimizer.decay
iterations = self.model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()
rmse=keras.metrics.RootMeanSquaredError ()
rlrop = ReduceLROnPlateau(monitor='val_loss' ,
factor=0.2, patience=5,min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val loss',
min_delta=le-3,
patience=5, verbose=2, mode='auto',
restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(K.square(y_test - pred))
S5_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - SS_res/(S5_tot + K.epsilon()) )*100
metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),
'mse', 'mean_absolute_error',rmse,
r_square]

log_dir = "logs/fit/" + datetime.datetime.now().strftime("}Y)m/d-JH/M%S")

tensorboard_callback = tf.keras.callbacks.TensorBoard(log_dir=log_dir,
histogram_ freq=1)

callbacks=[tensorboard_callback,LearningRateScheduler(lr_exp_decay, verbose=1),
monitor]




histories = []

# MODETL

initializer = initializers.he_normal
bias_initializer =initializers.he_normal
activation='relu'
kernel_regularizer=keras.regularizers.l1_12(11=0.75, 12=0.75)
kernel_Ll=keras.regularizers.11(0.2105)
activity_regularizer=keras.regularizers.l12(le-5)
# MODEL

# braneurona=c.shape[1]

brneurona=85

inputl =Input(shape=x.shape[1] ,name='ULAZNI SLOJ')

11=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",

[N}
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,

beta_constraint=None,gamma_constraint=None,
name='LNL_1')) (inputl)

12=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel initializer=initializer,

‘kernel_regularizer=kernel_regularizer,

‘bias_initializer=bias_initializer,
name="'WNL_1'))) (11)

13=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel_initializer=initializer,

kernel_regularizer=kernel_regularizer,

‘bias_initializer=bias_initializer,
name="WNL_2"'))) (12)

14=(layers.LayerNormalization(axis=-1,epsilon=0.
:01,center=True,scale=True,beta_initializer="zeros",
[N
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,

[N}
‘beta_constraint=None,gamma_constraint=None,name="'LNL_2')) (13)
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output = (tfa.layers.
WeightNormalization(Dense(l,activation='linear',bias_initializer,
='zeros' ,name='IZLAZ'))) (14)

model = keras.Model(inputs=inputl, outputs=output,name="ModelTipl")

print (model.summary())
imemodela="'WNL'
plot_model(model, to_file=baza +' model.png', show_shapes=True,,

.show_layer_names=True)

# PRVO POKRETANJE

histories = []

model . compile(optimizer=opt,loss="'mean_squared_error', metrics=metricss)

history=model.fit(x_train,y_train,epochs=500,validation_data=(x_test, y_test),
verbose=2, batch_size= 512,

shuffle=True,callbacks=[callbacks,custom_callback])

best_epoch = custom_callback.best_epoch
print(f"\n\nNajniZa val_mape postignuta u epohi: {best_epochl}")

histories.append(history)

history_dict=history.history
pred = model.predict ([x_test])

score =mean_squared_error (pred,y_test)
print("\nMSE: {}".format(score))

score2 = np.sqrt(mean_squared_error(pred,y_test))
print ("RMSE: {}\n".format(score2))

y_train_pred=model.predict(x_train)

r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,pred)

print("R2 score TRAIN SET: {:0.5F}".format(r2train))
print("R2 score TEST SET: {:0.5F}".format(r2test))

maeMODEL=mean_absolute_error(y_test,pred)
print('mae MODEL: {:0.3F}\n'.format(maeMODEL))

prosekY=statistics.mean(y_test)
maePer=(maeMODEL/prosekY)*100




[1]:

print ('MAEY : {:0.3F}'.format(maePer)+' %')

rmsePer=(score2/prosekY)*100

print ('RMSEY, : {:0.3F}'.format(rmsePer)+' %\n')

score = model.evaluate(x_test, y_test, verbose = 1)

text = colored('\nMAPE: {:0.3F}'.format(score[1]), 'red', attrs=['reverse',
.'blink'])

print (text)

ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)

trajanje=ct2-ctl

print("trajanje:-", trajanje)

model .save(str(baza)+ " "+imemodela+"MAPE="+ str(score[1])+" model .h5",,
overwrite=True,include_optimizer= True)
plot_history(history, style="-", side= 5,graphs_per_row = 2,

single_graphs=False)

print('\nMSE: {:0.3F}'.format(score[2]))
print ('RMSE: {:0.3F}'.format(score[4]))
rmsePer=(score[4]/prosekY)*100

print ('RMSE%: {:0.3F}'.format(rmsePer)+' %')
print ('MAPE: {:0.3F}'.format(score[1])+' %')
print('MAE: {:0.3F}'.format(scorel[3]))

print ('MAEY%: {:0.3F}'.format(maePer)+' %')
print('R2: {:0.3F}'.format(score[5])+' %')

r2=(score[5])/100

r2 = r2_score(y_test,pred)

p=x_test.shape[l]

N=x_test.shape[0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print('Adjusted R2: {:0.3F}'.format(adj_rsquared*100)+" %")

winsound.Beep (440, 400)
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import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from temnsorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReducelLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from sklearn.model_selection import KFold, StratifiedKFold, cross_val_score
from termcolor import colored, cprint

from numpy import unique

from keras import metrics

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')
print('0K')

ct = datetime.datetime.now()

print("start current time:-", ct)

X=df

x_columns = X.columns.drop('ConsumptionInkwh')
x = X[x_columns] .values

y = X['ConsumptionInkwh'].values

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')
robust=RobustScaler(with_centering=False, with_scaling=True, unit_variance=True)
ss=StandardScaler()

target_col=['CONSUMER']

features_num = ['AVG_TEMPERATURE', 'MAXtemp', 'MINtemp',
'humidityIn%', 'precipitationIn_mm', 'NOfDwithPrecipitation’,
'NoOfClearDays', 'NoO0OfCloudyDays', 'InsolationInHours',
'DaylightHours', 'SunshineHours',
'WorkDay', 'Weekend', 'Holiday',

'scores', 'Trends',
'"imonthBefore', 'ZmonthBefore', '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN']

features_cat = ['CONSUMER_CATEGORY',
' CONSUMER_GROUP' ,
'CalculationPeriod', 'Seasons',
'ConsumptionZone', 'ConsumptionZonelMB',
'ZONE', 'Summer/WinterTime']

X_train, x_test, y_traim, y_test = train_test_split(
df .drop('ConsumptionInkwh',axis=1),df.ConsumptionInkwh,
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test_size=0.20, random_state=56)

num_pipe = Pipeline(steps=[
# ('robust', robust),
('ss', ss),
1
target_pipe= Pipeline(steps=I[
('target', enc),
#('robust', robust),
('ss', ss),
1)
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder()),
# ('robust’', robust),
('ss', ss),

n

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('num', num_pipe, features_num),
('cat', cat_pipe, features_cat),
], remainder='drop')

x_train =preprocessor.fit_transform(x_train,y_train)
x_test = preprocessor.transform(x_test)

x_train = pd.DataFrame(x_train)
x_test = pd.DataFrame(x_test)

input_shape = [x_train.shape[1]]
x=input_shape

print("Input shape: {}".format(input_shape))
¥=x_train

winsound.Beep(940, 200)

def plott_history(history):
hist=pd.DataFrame(history.history)
hist['epoch']=history.epoch
plt.title(baza+' | MAPE= {:0.3F}'.format(scorel[1])+" %")
plt.xlabel ('MAPE')
plt.plot(hist['epoch'] ,hist['mean_absolute_percentage_error'],label='MAPE,
,Train Error')
plt.plot(hist['epoch'], hist['val_mean_absolute_percentage _error'],
label='MAPE Val Error')
plt.legend()
plt.savefig(str(today)+' MAPE= {:0.3F} chart_regression.png'.
format (score[1]), dpi=600, bbox_inches='tight')




plt.show()

histories = []
initial_learning_rate = 0.74184
11r=[]

def 1r_exp_decay(epoch, 1r):
k = 0.09
11lr.append(lr)
return initial_learning_rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate,
rho=0.99,decay=0.0001,epsilon=1e-07)

class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
decay = self .model.optimizer.decay
iterations = self.model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()
rmse=keras.metrics.RootMeanSquaredError ()

rlrop = ReducelLROnPlateau(monitor='val_loss' ,
factor=0.2, patience=5,min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',
min_delta=1e-3,
patience=5, verbose=2, mode='auto',
restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(K.square(y_test - pred))
SS_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - 8S_res/(8S_tot + K.epsilon()) )*100

metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),
'mse', 'mean_absolute_error',rmse,
r_square]

callbacks=[LearningRateScheduler(lr_exp_decay, verbose=1), monitor]
winsound.Beep(940, 200)

ctl = datetime.datetime.now()
activation='relu'




[1:

# MODETL

brneurona=85

# brneurona=z.shapel1]

inputl =Input(shape=x.shape[1] ,name='ULAZNI SLOJ')

11=((Dense(brneurona, activation=activation,name='GUSTI_SLOJ_1'))) (inputl)
12=((Dense(brneurona, activation=activation, name='GUSTI_SL0OJ_2')))(11)
output = ((Dense(l,activation='linear',name='IZLAZNI')))(12)

model = keras.Model(inputs=inputl, outputs=output,name="ModelTip2")
imemodela='DENSE'

model . summary ()
plot_model(model, to_file=baza +' ModelTipZ2.png', show_shapes=True,
.show_layer_names=True)

histories = []
print('ime baze: ', baza)
model . compile(optimizer=opt,loss='mean_squared_error', metrics=metricss)

histories.append(model.fit(x_train,y_train,epochs=500,validation_data=(x_test,
y_test),
verbose=2, batch_size= 500,
shuffle=True,callbacks=callbacks))
pred = model.predict([x_test])

score =mean_squared_error (pred,y_test)
print("\nFinal score (MSE): {}".format(score))
score2 = np.sqrt(mean_squared_error(pred,y_test))
print("Final score (RMSE): {}\n".format(score2))
y_train_pred=model.predict(x_train)
r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,pred)

print ("R2 score TRAIN SET: {:0.5F}".format(r2train))
print("R2 score TEST SET: {:0.5F}".format(r2test))

maeMODEL=mean_absolute_error(y_test,pred)
print('mae MODEL: {:0.3F}\n'.format(maeMODEL))

prosekY=statistics.mean(y_test)

maePer=(maeMODEL/prosekY)+100

print('MAEY, : {:0.3F}'.format(maePer)+' %

rmsePer=(score2/prosekY) 100

print ('RMSE%, : {:0.3F}'.format(rmsePer)+' %\n')

score = model.evaluate(x_test, y_test, verbose = 1)

text = colored('\nMAPE: {:0.3F}'.format(score[l1]), 'red', attrs=['reverse',,
.'blink'])

print(text)

)
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model .save(str(baza)+ " "+imemodela+"MAPE="+ str(score[1])+" model.h5",,
.overwrite=True,include_optimizer= True)

plot_history( histories, show_standard_deviation=False,
show_average=True, path="DENSE slojevi dijagrami/"+baza+" zbirno/")
ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)
trajanje=ct2-ctl
print("trajanje:-", trajanje)

print('\nMSE: {:0.3F}' . format(score[2]))
print('RMSE: {:0.3F}'.format(score[4]))
rmsePer=(score[4]/prosekY)+100

print ('RMSE%: {:0.3F}'.format(rmsePer)+' %')
print ('MAPE: {:0.3F}'.format(scorel[11)+' %')
print('MAE: {:0.3F}'.format(scorel[3]))
print('MAEY: {:0.3F}'.format(maePer)+' %')
print('R2: {:0.3F}'.format(score[5])+"' %')

r2=(score[5])/100

r2 = r2_score(y_test,pred)

p=x_test.shape[1]

N=x_test.shape[0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print('Adjusted R2: {:0.3F}'.format(adj_rsquared*100)+" %")

winsound.Beep (440, 400)
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import numpy as np

from numpy import unique

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from tensorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReduceLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import temsorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
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from keras.layers.merge import concatenate

from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from termcolor import colored, cprint

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()

print("start current time:-", ct)

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,,
with_scaling=True, unit_variance=True)

ss=StandardScaler()

loe=LeaveOneOutEncoder ()

X=df

x_columns = X.columns.drop('ConsumptionInkwh')

x = X[x_columns] .values

y = X['ConsumptionInkwh'].values

target_col=[ 'CONSUMER' ]

features_num = [
'AVG_TEMPERATURE',
'MAXtemp', 'MINtemp',
'humidityIn¥', 'precipitationIn_mm',
'NOfDwithPrecipitation',
'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',
'DaylightHours', 'SunshineHours',
'WorkDay',
'Weekend',
'Holiday',
# 'Praznik’',
'scores', 'Trends',
'lmonthBefore', 'ZmonthBefore’, '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlika0dMIN',
]
features_cat = [
'CONSUMER_CATEGORY ',
'CONSUMER_GROUP' ,




'CalculationPeriod’,
'Seasons',
'ConsumptionZone',
'ConsumptionZonelMB',
'ZONE"',
'Summer/WinterTime',
1
x_train, x_test, y_train, y_test = train_test_split(
df .drop('ConsumptionInkwh',axis=1),df.ConsumptionInkwh,
test_size=0.20, random_state=56)

zaposle=pd.DataFrame (x_test)
num_pipe = Pipeline(steps=|[
('robust', robust),
# ('ss', ss),
D
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
# ('ss', ss),
D
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder()),
('robust', robust),
# ('ss’, ss)
n

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('cat', cat_pipe, features_cat),
('num', num_pipe, features_num),

], remainder='drop')

¥_train =preprocessor.fit_transform(x_train,y_train)
x_test = preprocessor.transform(x_test)
¥_trainl=x_train

X_testl=x_test

X_train = pd.DataFrame(x_train)#, columns=z_columns)
x_test = pd.DataFrame(x_test)#, columns=z_columns)

input_shape = [x_train.shape[1]]
x=input_shape

print("Input shape: {}".format(input_shape))
x=¥%_train
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winsound.Beep (940, 200)
print ("0K")
class CustomCallback(Callback):
def __init__(self):
super (CustomCallback, self).__init__()
self .min_val_mape = np.inf
self.best_epoch = 0

def on_epoch_end(self, epoch, logs=None):
current_val mape = logs.get('val_mean_absolute_percentage_error')
if current_val_mape is not Nome and current_val_mape < self.
min_val_mape:
self .min_val _mape = current_val_mape
self .best_epoch = epoch
custom_callback = CustomCallback()

# LINEARNA REGRESIJA

from sklearn.linear model import LinearRegression
linear_regression_model = LinearRegression()
print("Kreiranje modela...")
linear_regression_model.fit(x_train, y_train)
print("Kreiranje zavrieno.")

y_pred = linear_regression_model.predict(x_test)
mse = mean_squared_error(y_test, y_pred)

rmse = np.sqrt(mse)

mae = mean_absolute_error(y_test, y_pred)

r2 = r2_score(y_test, y_pred)
prosekY=statistics.mean(y_test)
maePer=(mae/prosekY)*100
rmsePer=(rmse/prosekY)*100

mape = np.mean(np.abs((y_test - y_pred) / y_test)) * 100
print("\nLinearna regresija:")

print('RMSEY, : {:0.3F}'.format(rmsePer))#+' ')
print("Mean Squared Error:", mse)

print("Mean Absolute Error:", mae)

print('MAE%: {:0.3F}'.format(maePer))#+' %')
print ("RMSE: ", rmse)

text = colored('MAPEY: {:0.3F}'.format(mape), 'red', attrs=['reverse', 'blink'l)
print (text)

r2 = linear_regression_model.score(x_test, y_test)
print('R-squared: {:0.3F}'.format(r2*100)+" %")
p=x_test.shape[1]

N=x_test.shape [0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))
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print('Adjusted R2: {:0.3F}'.format(adj_rsquared+100)+" %")
print('\n')

# Decisionlree

ctl = datetime.datetime.now()

print("\ncurrent time:-", ctl)

from sklearn.tree import DecisionTreeRegressor

print("Kreiranje Decision Tree modela...")
max_features=x
decision_tree_model = DecisionTreeRegressor(criterion='squared_error',
splitter='best',
max_depth=None,min_samples_split=2,
min_samples_leaf=1,,
min_weight_ fraction_leaf=0.0,
max_features=None, random_state=42,
max_leaf nodes=None,
min_impurity_decrease=0.0,
.ccp_alpha=0.0)

train_rmse_history = []
test_rmse_history = []
decision_tree_model.fit(x_train, y_train)

y_pred_decision_tree = decision_tree_model.predict(x_test)
mse = mean_squared_error(y_test, y_pred_decision_tree)

rmse = np.sqrt(mse)

mae = mean_absolute_error(y_test, y_pred_decision_tree)
r2_decision_tree = r2_score(y_test, y_pred_decision_tree)
prosekY=statistics.mean(y_test)

maePer=(mae/prosekY)*100

rmsePer=(rmse/prosekY)*100

mape = np.mean(np.abs((y_test - y_pred_decision_tree) / y_test)) * 100

print ("\nDecision Tree:\n")

print('RMSEY, : {:0.3F}'.format (rmsePer))#+' ')
print("Mean Squared Error:", mse)

print("Mean Absolute Error:", mae)

print ('MAEY%: {:0.3F}'.format(maePer))#+' %')
print("Root Mean Squared Error:", rmse)

text = colored('MAPEY: {:0.3F}'.format(mape), 'red', attrs=['reverse', 'blink'])
print(text)

r2 = metrics.r2_score(y_test,y_pred_decision_tree)
print('R-squared: {:0.5F}'.format(r2x100)+" %")
p=x_test.shape[i]
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N=x_test.shape [0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print('Adjusted R2: {:0.3F}'.format(adj_rsquared*100)+" %")
print('\n')

winsound.Beep (440, 100)

#SVR, LinearSVR

ct2 = datetime.datetime.now()

print("\ncurrent time:-", ct2)

from sklearn.svm import SVR, LinearSVR

from sklearn.metrics import mean_squared_error, mean_absolute_error, r2_score

print("Kreiranje LSVR modela...")
model = LinearSVR(epsilon=0.0, tol=le-4, C=1.0, loss='epsilon_insensitive',
random_state=42)

model . fit(x_train, y_train)
v_pred = model.predict(x_test)
print("Evaluacija L SVR modela...")

mse = mean_squared_error(y_test, y_pred)

mae = mean_absolute_error(y_test, y_pred)

r2 = r2_score(y_test, y_pred)

rmse = np.sqrt(mse)

mape = np.mean(np.abs((y_test - y_pred) / y_test)) * 100

prosekY=statistics.mean(y_test)
maePer=(mae/prosekY)*100
rmsePer:(rmse/prosekY)*100

print ("L SVR:\n")

print ('RMSE}, : {:0.3F}'.format(rmsePer))#+' 7')
print("Mean Squared Error:", mse)

print("Mean Absolute Error:", mae)

print('MAE%: {:0.3F}'.format (maePer))#+' %')
print("Root Mean Squared Error:", rmse)

# print ("Mean Absolute Percentage Error:", mape)
text = colored('MAPE}: {:0.3F}'.format(mape), 'red', attrs=['reverse', 'blink'])
print(text)

# print ("R-squared:", 12)

r2 = metrics.r2_score(y_test,y_pred)

print ('R-squared: {:0.5F}'.format(r2x100)+" ")
p=x_test.shape[i]

N=x_test.zshape [0]

rx = (1-r2)
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ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print('Adjusted R2: {:0.3F}'.format(adj_rsquared*100)+" %")
print('\n')

score = model.score(x_train, y_train)
print ("R-squared TRAIN:", score)
score2 = model.score(x_test, y_test)
print ("R-squared TEST:", score2)
plt.figure(figsize=(14, 8))
winsound.Beep (440, 100)

ct2 = datetime.datetime.now()
print("\ncurrent time:-", ct2)
trajanje=ct2-ctl

print("trajanje:-"

, trajanje)

# XGBoost Regression

import xgboost as xgb

from xgboost import XGBRegressor

from sklearn.metrics import mean_squared_error, mean_absolute_error, r2_score
from sklearn.model_selection import train_test_split

print ("Kreiranje XGBoost Regressor modela...")

model = XGBRegressor (objective='reg:squarederror', random_state=10)
model . fit(x_train, y_train)

y_pred = model.predict(x_test)

mse = mean_squared_error(y_test, y_pred)
rmse = np.sqrt(mse)

mae = mean_absolute_error(y_test, y_pred)
r2 = r2_score(y_test, y_pred)

prosekY=statistics.mean(y_test)
maePer=(mae/prosekY) =100
rmsePer=(rmse/prosekY)*100

print("\nXGBoost Regressor:\n")

print ('RMSEY : {:0.3F}'.format(rmsePer))#+' 7')
print("Mean Squared Error:", mse)

print("Mean Absolute Error:", mae)

print ('MAEY: {:0.3F}'.format(maePer))#+' %')

print("Root Mean Square Error (RMSE):", rmse)

mape = np.mean(np.abs((y_test - y_pred) / y_test)) * 100
text = colored('MAPEY: {:0.3F}'.format(mape), 'red', attrs=['reverse', 'blink'])
print(text)

print('R-squared: {:0.3F}'.format(r2+100)+" %")

n = len(x_test) # Broj instanci u test skupu
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p = x_test.shape[l]l # Broj atributa
adjusted_r2 =1 - (1 -r2) * ((m-1) / (n -p - 1))
print('Adjusted R2: {:0.3F}' .format(adjusted_r2*100)+" %")

score = model.score(x_train, y_train)
print ("R-squared TRAIN:", score)
score2 = model.score(x_test, y_test)
print ("R-squared TEST:", score2)

# HuberRegressor
from sklearn.linear_model import HuberRegressor
from sklearn.metrics import mean_squared_error, mean_absolute_error, r2_score

print("Kreiranje Huber regresionog modela..."}
model = HuberRegressor(epsilon=1.35)

model . fit(x_train, y_train)

y_pred = model.predict(x_test)

mse = mean_squared_error(y_test, y_pred)

rmse = np.sqrt(mean_squared_error(y_test, y_pred))

mae = mean_absolute_error(y_test, y_pred)
r2 = r2_score(y_test, y_pred)

prosekY=statistics.mean(y_test)
maePer=(mae/prosekY)*100
rmsePer:(rmse/prosekY)*100

print ("\nHuber Regresija:\n")

print ('RMSEY : {:0.3F}'.format(rmsePer))#+' 7')
print("Mean Squared Error:", mse)

print("Mean Absolute Error:", mae)

print ('MAE%: {:0.3F}'.format(maePer))#+' %')

mape = np.mean(np.abs((y_test - y_pred) / y_test)) * 100

print ("RMSE:", rmse)

text = colored('MAPEY,: {:0.3F}'.format(mape), 'red', attrs=['reverse', 'blink'])
print(text)

print ("R-squared: {:0.3F}" .format(score2+100)+" %")

n = len(x_test)

p = x_test.shape[1]

adjusted r2 = 1 - (1 - score2) * ((n - 1) / (m-p - 1))
print('Adjusted R2: {:0.3F}'.format(adjusted_r2+#100)+" %"}
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import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from temsorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReducelLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from termcolor import colored, cprint

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()

print("start current time:-", ct)

X=df

x_columns = X.columns.drop('ConsumptionInkwh')
x = X[x_columns] .values

y = X['ConsumptionInkwh'].values

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')
robust=RobustScaler(with_centering=False, with_scaling=True, unit_variance=True)
ss=StandardScaler()

target_col=['CONSUMER']

features_num = ['AVG_TEMPERATURE', 'MAXtemp', 'MINtemp',
'humidityIn%', 'precipitationIn_mm', 'NOfDwithPrecipitation',
'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',,
.'DaylightHours', 'SunshineHours',
'WorkDay', 'Weekend', 'Holiday',

'scores', 'Trends',
"ImonthBefore', '2monthBefore', '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN']

features_cat = ['CONSUMER_CATEGORY',
' CONSUMER_GROUP' ,
'CalculationPeriod', 'Seasons’',
'ConsumptionZone', 'ConsumptionZonelMB',
'ZONE', 'Summer/WinterTime']

X_train, x_test, y_train, y_test = train_test_split(
df .drop('ConsumptionInkwh',axis=1),df.ConsumptionInkwh,
test_size=0.20, random_state=56)

num_pipe = Pipeline(steps=[
# ('robust’, robust),
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('ss', ss),
1)
target_pipe= Pipeline(steps=[
('target', enc),
#('robust', robust),
('ss', ss),
1)
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder()),
# ('robust', robust),
('ss', s8),

n

preprocessor = ColumnTransformer(transformers=[
('tar', target_pipe, target_col),
('num', num_pipe, features_num),
('cat', cat_pipe, features_cat),
1, remainder='drop')

X_train =preprocessor.fit_transform(x_train,y_train)
¥_test = preprocessor.transform(x_test)

¥x_train = pd.DataFrame(x_train)
¥_test = pd.DataFrame(x_test)

input_shape = [x_train.shape[1]]
x=input_shape

print("Input shape: {}".format(input_shape))
x=¥%_train

winsound.Beep (940, 200)

def plott_history(history):
hist=pd.DataFrame(history.history)
hist['epoch']=history.epoch

plt.title(baza+' | MAPE= {:0.3F}'.format(scorel[1])+" %")

plt.xlabel ('MAPE')

plt.plot(hist['epoch'] ,hist['mean_absolute_percentage_error'],label='MAPE

,Train Error')

plt.plot(hist['epoch'], hist['val_mean_absolute_percentage_error'l,,

.label='MAPE Val Error')
plt.legend()

plt.savefig(str(today)+' MAPE= {:0.3F} chart_regression.png'.

format (score[1]), dpi=600, bbox_inches='tight')
plt.show()

histories = []
initial_learning_rate = 0.74184




11r=[]

def 1r_exp_decay(epoch, 1r):
k = 0.09
11r.append(1lr)
return initial_learning_rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate,
tho=0.99,decay=0.0001,epsilon=1e-07)

class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
decay = self.model.optimizer.decay
iterations = self.model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()
rmse=keras.metrics.RootMeanSquaredError ()
rlrop = ReducelLROnPlateau(monitor='val loss' ,
factor=0.2, patience=5,min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',
min_delta=le-3,
patience=5, verbose=2, mode='auto',
restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(X.square(y_test - pred))
8S_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - 33_res/(85_tot + K.epsilon()) )*100

metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),
'mse', 'mean_absolute_error',rmse,
r_square]

callbacks=[LearningRateScheduler (1lr_exp_decay, verbose=1), monitor]

winsound.Beep (940, 200)
ctl = datetime.datetime.now()
activation='relu'

# MODETL
# brneurona=85
brneurona=x.shape[1]




[1:

inputl =Input(shape=x.shape[1],name='ULAZNI SLOJ')

11=((Dense(brneurona, activation=activation,name='GUSTI_SL0OJ_1'))) (inputl)
12=((Dense(brneurona, activation=activation, name='GUSTI_SLOJ 2')))(11)
13=((Dense(brneurona, activation=activation,name='GUSTI SLOJ 3')))(12)
output = ((Dense(l,activation='linear',name='IZLAZNI')))(13)

model = keras.Model(inputs=inputl, outputs=output,name="ModelTipA")
imemodela="'DENSE'

model . summary ()
plot_model(model, to_file=baza +' ModelTipZ.png', show_shapes=True,
show_layer_ names=True)

histories = []

print('ime baze: , baza)

model . compile(optimizer=opt,loss='mean_squared_error', metrics=metricss)

histories.append(model.fit(x_train,y_train,epochs=500,validation_data=(x_test,
y_test),
verbose=2, batch_size= 500,
shuffle=True,callbacks=callbacks))
pred = model.predict ([x_testl)

score =mean_squared_error(pred,y_test)
print("\nFinal score (MSE): {}".format(score))
score2 = np.sqrt(mean_squared_error(pred,y_test))
print("Final score (RMSE): {}\n".format(score2))
y_train_pred=model.predict(x_train)
r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,pred)

print("R2 score TRAIN SET: {:0.5F}".format(r2train))
print("R2 score TEST SET: {:0.5F}".format(r2test))

maeMODEL=mean_absolute_error(y_test,pred)
print('mae MODEL: {:0.3F}\n'.format(maeMODEL))

prosekY=statistics.mean(y_test)

maePer=(maeMODEL/prosekY)*100

print ('MAEY : {:0.3F}'.format(maePer)+' %')

rmsePer=(score2/prosekY) 100

print ('RMSEY, : {:0.3F}'.format(rmsePer)+' #\n')

score = model.evaluate(x_test, y_test, verbose = 1)

text = colored('\nMAPE: {:0.3F}'.format(score[1]), 'red', attrs=['reverse',
.'blink'])

print (text)

model .save(str(baza)+ " "+imemodela+"MAPE="+ str(score[1])+" model.hb",
.overwrite=True,include_optimizer= True)




MPUIOT 10 - Mpuctyn 1l - Mogen B

import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from temnsorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReducelLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate




[1:

[]:

from keras.models import load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from termcolor import colored, cprint

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,,
with_scaling=True, unit_variance=True)

ss=StandardScaler()

X=df

x_columns = X.columns.drop('ConsumptionInkwh')
x = X[x_columns] .values

y = X['ConsumptionInkwh'].values

target_col=[ 'CONSUMER']

features_num = [ 'AVG_TEMPERATURE','MAXtemp', 'MINtemp',
'humidityIn%','precipitationIn _mm', 'NOfDwithPrecipitation', 'Holiday',

'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',
'DaylightHours', 'SunshineHours', 'WorkDay', 'Weekend',
# 'Praznik’',
'scores', 'Trends',
'imonthBefore', '2monthBefore', '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN']

features_cat = ['CONSUMER_CATEGORY',
'CONSUMER_GROUP', 'CalculationPeriod’,
'Seasons', 'ConsumptionZone',
'ConsumptionZonelMB', 'ZONE',
'Summer/WinterTime' ]
X_train, x_test, y_train, y_test = train_test_split(
df .drop('ConsumptionInkwh',axis=1),df.ConsumptionInkwh,
test_size=0.20, random_state=56)

num_pipe = Pipeline(steps=[
('robust', robust),
# ('ss', ss),




[]:

1)
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
#('ss', ss),
1)
cat_pipe = Pipeline(steps=I[
('encode', OneHotEncoder()),
('robust', robust),
#('ss', ss),

n

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('cat', cat_pipe, features_cat),
('num', num_pipe, features_num),
], remainder='drop')

x_train =preprocessor.fit_transform(x_train,y_train)
X_test = preprocessor.transform(x_test)
¥_trainl=x_train

x_testl=x_test

¥_train = pd.DataFrame(x_train)
x_test = pd.DataFrame(x_test)

input_shape = [x_train.shape[1]]
x=input_shape
¥x=¥%_train

class CustomCallback(Callback) :
def __init__(self):
super (CustomCallback, self).__init__()
self .min_val _mape = np.inf
self .best_epoch = 0

def on_epoch_end(self, epoch, logs=None):
current_val_mape = logs.get('val_mean_absolute_percentage_error')
if current_val_mape is not None and current_val_mape < self.
min_val_mape:
self .min_val_mape = current_val_mape
self .best_epoch = epoch
custom_callback = CustomCallback()

def plott_history(history):
hist=pd.DataFrame(history.history)
hist['epoch']=history.epoch




plt.title(baza+' | MAPE= {:0.3F}'.format(score[1])+" %")

plt.xlabel('MAPE consumption')

plt.plot(hist['epoch'] ,hist['mean_absolute_percentage_error'],label='MAPE
.Train Error')

plt.plot(hist['epoch'], hist['val_mean_absolute_percentage_error'],
label='MAPE Val Error')

plt.legend()

plt.savefig(str(today)+' MAPE= {:0.3F} chart_regression.png'.
format (score[1]), dpi=600, bbox_inches='tight')

plt.show()

histories = []
initial_learning_rate = 0.74

11r=[]
def 1lr_exp_decay(epoch, 1r):
k = 0.09

1lr.append(lr)
return initial_learning rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate,
rho=0.99,
decay=0.0001,
epsilon=1e-07) #1e-07, )

class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
decay = self.model.optimizer.decay
iterations = self.model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()
rmse=keras .metrics.RootMeanSquaredError ()
rlrop = ReducelLROnPlateau(monitor='val_loss' ,
factor=0.2, patience=5,min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val loss',
min_delta=le-3,
patience=5, verbose=2, mode='auto',
restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(X.square(y_test - pred))
SS_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - SS_res/(SS_tot + K.epsilon()) )*100




metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),

'mze’

, 'mean_absolute_error',rmse, r_square ]

callbacks=[LearningRateScheduler(lr_exp_decay, verbose=1),
monitor] #, model_checkpoint_callback]

# MODETL

initializer = initializers.he_normal

bias_initializer =initializers.he_normal

activation='relu'

kernel_regularizer=keras.regularizers.11_12(11=0.75, 12=0.75)

kernel_Li=keras.regularizers.11(0.2105)

activity_regularizer=keras.regularizers.12(le-5)

brneurona=x.shape[1]
inputl =Input(shape=x.shapel[1])
11=(tfa.1ayers.HeightNormalization(Dense(brneurona, activation='relu',
(N
‘kernel_initializer=initializer,kernel_regularizer=kernel_regularizer,
bias_initializer=bias_initializer))) (inputl)

12=(layers.LayerNormalization(axis=-1,epsilon=0.
.01 ,center=True,scale=True,beta_initializer="zeros",
[
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None)) (11)

13=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel_initializer=initializer,
[N}
‘kernel_regularizer=kernel_regularizer,

bias_initializer=bias_initializer)))(12)

l4=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
(W)
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None)) (13)

15=(tfa.1ayers.WeightNormalization(Dense(brneurona, activation=activation,
kernel_initializer=initializer,
o
kernel _regularizer=kernel_regularizer,

bias_initializer=bias_initializer)))(14)




[1:

16=(layers.LayerNormalization(axis=-1,epsilon=0.
.01, center=True,scale=True,beta_initializer="zeros",
L
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None)) (15)

15=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel_initializer=initializer,
o
kernel_regularizer=kernel_regularizer,

bias_initializer=bias_initializer)))(14)

16= (1ayers .LayerNormalization (axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
Ll
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None)) (15)

output = (tfa.layers.
WeightNormalization(Dense(l,activation='linear',bias_initializer
='zeros',name="'IZLAZ')))(16)

model = keras.Model(inputs=inputl, outputs=output,name="PristupIImodelB")

imemodela="WNL'

plot_model(model, to_file=baza +' model.png', show_shapes=True,
.show_layer_names=True)

#prvi trening

histories = []

model.compile(optimizer=opt,loss='mean_squared_error', metrics=metricss)

history=model.fit(x_train,y_train,epochs=500,validation_data=(x_test, y_test),

verbose=2, batch_size= 512,

.shuffle=True,callbacks=[callbacks,custom_callback])

pred = model.predict([x_test])

best_epoch = custom_callback.best_epoch

histories.append(history)

history_dict=history.history

score =mean_squared_error (pred,y_test)
print("\nFinal score (MSE): {}".format(score))
score2 = np.sqrt(mean_squared_error(pred,y_test))
print("RMSE: {}\n".format(score2))

y_train_pred=model .predict (x_train)
r2train=r2_score(y_train,y_train_pred)




[1:

r2test=r2_score(y_test,pred)
print ("R2 score on TRAIN SET: {:0.5F}".format(r2train))
print("R2 score on TEST SET: {:0.5F}".format(r2test))

maeMODEL=mean_absolute_error(y_test,pred)
print('mae MODEL: {:0.3F}\n'.format(maeMODEL))

prosekY=statistics.mean(y_test)
maePer=(maeMODEL/prosekY)+100

print('MAEY : {:0.3F}'.format(maePer)+' %')
rmsePer=(score2/prosekY) #100

print ('RMSE% : {:0.3F}'.format(rmsePer)+' %\n')
score = model.evaluate(x_test, y_test, verbose = 1)
print ('\nMAPE: {:0.3F}'.format(score(1]),'%")

model .save(str(baza)+ " "+imemodela+"MAPE="+ str(score[1])+" SACUVAN model.h5",
overwrite=True,include_optimizer= True)

plot_history( histories,show_standard_deviation=False,
show_average=True, path="Folder/"+baza+"/")

NOEPOCH=best_epoch # NASTAVAK obuke

scorel = metrics.mean_squared_error(pred,y_test)
print("\n\nFinal score (MSE): {}".format(scorel))

score2 = np.sqrt(metrics.mean_squared_error(pred,y_test))
print("Final score (RMSE): {}\n".format(score2))

score = model.evaluate(x_test, y_test, verbose = 1)

print ('\nMAPE: {:0.3F}'.format(score[1]))

histories.append(model.fit(x_train,y_train,initial_epoch=NOEPOCH,epochs=500,
validation_data=(x_test, y_test),verbose=2, batch_size=128,
shuffle=True,callbacks=callbacks))

pred = model.predict([x_test])

score =mean_squared_error (pred,y_test)
print("\nFinal score (MSE): {}".format(score))
score2 = np.sqrt(mean_squared_error(pred,y_test))
print("Final score (RMSE): {}\n".format(score2))
y_train_pred=model.predict(x_train)

r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,pred)

print ("R2 score on TRAIN SET: {:0.5F}".format(r2train))
print("R2 score on TEST SET: {:0.5F}".format(r2test))




[]:

maeMODEL=mean_absolute_error(y_test,pred)
print('mae MODEL: {:0.3F}\n'.format(maeMODEL))
prosekY=statistics.mean(y_test)
maePer=(maeMODEL/prosekY)+100
rmsePer=(score2/prosekY) 100

print ('RMSEY : {:0.3F}'.format(rmsePer)+' %\n')
score = model.evaluate(x_test, y_test, verbose = 1)
print ('\nMAPE: {:0.3F}'.format(score[1]),'%")

model.save("SACUVAN model", overwrite=True,include_optimizer= True)

plot_history(
histories,
show_standard_deviation=False,
show_average=True,
title="nastavljeno")

# NASTAVAK, LOAD MOUDEL
imemodela="'SACUVAN model.h5'
model = load_model (imemodela, custom_objects={"r_square": r_square})
history=model.fit(x_train,y_train,epochs=500,
validation_data=(x_test, y_test),verbose=2, batch_size=500,
shuffle=True,callbacks=callbacks)

history_dict=history.history
loss_values=history_dict['loss']
val_loss_values=history_dict['val_loss']
rmseloss=history_dict['root_mean_squared_error']
rmsevallos=history_dict['val_root_mean_squared_error']

pred = model.predict(x_test)

scorel = metrics.mean_squared_error(pred,y_test)

print ("\nMSE: {}".format(scorel))

score2 = np.sqrt(metrics.mean_squared_error(pred,y_test))
print ("RMSE: {}".format(score2))
y_train_pred=model.predict(x_train)
y_test_pred=model.predict(x_test)

score = model.evaluate(x_test, y_test, verbose = 1)
print ("\nMAPE: ",' {:0.3F}'.format(score[1]),"%")
model.save(str(baza)+ " "+imemodela+"MAPE="+ str(score[1])+" ponovno cuvanje,
modela.hb",
overwrite=True,include_optimizer= True)
plot_history(history)
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plot_history( histories, show_standard_deviation=False,
show_average=True, path="DENSE slojevi dijagrami/"+baza+" zbirno/")

ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)

trajanje=ct2-ctl

print("trajanje:-", trajanje)

print('\nMSE: {:0.3F}'.format(score[2]))
print('RMSE: {:0.3F}'.format(score[4]))
rmsePer=(score [4]/prosekY)*100

print ('RMSE%: {:0.3F}'.format(rmsePer)+' %')
print('MAPE: {:0.3F}'.format(score[1])+' %')
print('MAE: {:0.3F}'.format(scorel[3]))
print('MAEY: {:0.3F}'.format(maePer)+' %')
print('R2: {:0.3F}'.format(score[5])+' %')

r2=(score[5]) /100

r2 = metrics.r2_score(y_test,pred)

p=x_test.shape[1]

N=x_test.shape [0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print('Adjusted R2: {:0.3F}' .format(adj_rsquared*100)+" %")

winsound.Beep (440, 400)




MPUNOT 11 - McnutuBake yTuuaja npasHuka

import numpy as np

from numpy import unique

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from tensorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReduceLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import temnsorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation




[1:

[1:

from keras.layers.merge import concatenate

from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from termcolor import colored, cprint

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()

print("start current time:-", ct)

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,,
with_scaling=True, unit_variance=True)

ss=StandardScaler()

X=df

x_columns = X.columns.drop('ConsumptionInkwh')

x = X[x_columns] .values

y = X['ConsumptionInkwh'].values

df ['Praznik']=df ['Weekend']+df ['Holiday']

target_col=[ 'CONSUMER' ]

features num = [

"AVG_TEMPERATURE',

'MAXtemp', 'MINtemp',

'humidityIn%', 'precipitationIn_mm',

'NOfDwithPrecipitation',

'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',

'DaylightHours', 'SunshineHours',
'WorkDay',

'Praznik’,

'scores', 'Trends',

"imonthBefore', '2monthBefore', '3monthBefore',
'"AVGconsumption', 'razlikaOdMAX', 'razlika(OdMIN',
]

features_cat = [

'CONSUMER_CATEGORY ',

'CONSUMER_GROUP',

'"CalculationPeriod',

'Seasons',

'ConsumptionZone',




'ConsumptionZonelMB',
'ZONE',
'Summer/WinterTime',

]

x_train, x_test, y_train, y_test = train_test_split(

df .drop('ConsumptionInkwh',axis=1),df.ConsumptionInkwh,

test_size=0.20, random_state=56)

num_pipe = Pipeline(steps=[
('robust', robust),
# ('ss’, ss),
1
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
# ('ss’', ss),
1
cat_pipe = Pipeline(steps=|[
('encode', OneHotEncoder()),
('robust', robust),
# ('ss', ss),

D

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('cat', cat_pipe, features_cat),
('num', num_pipe, features_num),
], remainder='drop')

X_train =preprocessor.fit_transform(x_train,y_train)
x_test = preprocessor.transform(x_test)
¥x_trainl=x_train

%x_testl=x_test

x_train = pd.DataFrame(x_train)#, columns=z_columns)
X_test = pd.DataFrame(x_test)#, columns=z_columns)

input_shape = [x_train.shape[1]]
¥x=input_shape

print("Input shape: {}".format(input_shape))
x=x_train

winsound.Beep(940, 200)
print("0K")
class CustomCallback(Callback) :
def __init__(self):
super (CustomCallback, self).__init__()




self .min_val_mape = np.inf
self .best_epoch = 0
def on_epoch_end(self, epoch, logs=None):
current_val_mape = logs.get('val_mean_absolute_percentage_error')
if current_val_mape is not None and current_val_mape < self.
min_val_mape:
self .min_val_mape = current_val_mape
self .best_epoch = epoch
custom_callback = CustomCallback()

[ 1: def plott_history(history):
hist=pd.DataFrame(history.history)
hist['epoch']=history.epoch
plt.title(baza+' |  MAPE= {:0.3F}'.format(scorel[1])+" %")
plt.xlabel('MAPE')
plt.plot(hist['epoch'] ,hist['mean_absolute_percentage_error'],label='MAPE,
Train Error')
plt.plot(hist['epoch'], hist['val_mean_absolute_percentage_error'],,
label="'MAPE Val Error')
plt.legend()
plt.savefig(str(today)+' MAPE= {:0.3F} chart_regression.png'.
format (score[1]), dpi=600, bbox_inches='tight')
plt.show()

histories = []
initial_learning_rate = 0.74184

11r=[]
def 1r_exp_decay(epoch, 1r):
k = 0.09

11lr.append(lr)
return initial_learning_rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning rate=initial_learning_rate,
rho=0.99,
decay=0.0001,
epsilon=1e-07) #1e-07, )

ctl = datetime.datetime.now()
print ("\n\ncurrent time:-", ctl)
class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
#print ('lr=",K.eval (lr))
decay = self .model.optimizer.decay
#print ('decay=",K. eval (decay))
iterations = self.model.optimizer.iterations




#print ('iterations=',K.eval (iterations))
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()
rmse=keras.metrics.RootMeanSquaredError ()
rlrop = ReducelLROnPlateau(monitor='val_loss' ,
factor=0.2, patience=5,min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',min_delta=le-3,
patience=5, wverbose=2, mode='auto',
restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(X.square(y_test - pred))
SS_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - SS_res/(SS_tot + K.epsilon()) )*100

metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),

'mse', 'mean_absolute_error',rmse,r_square]

callbacks=[LearningRateScheduler(lr_exp_decay, verbose=1),
monitor] #, model_checkpoint_callback]

winsound.Beep (940, 200)

print ("0K")

# MODEL

initializer = initializers.he_normal

bias_initializer =initializers.he_normal

activation='relu'
kernel_regularizer=keras.regularizers.11_12(11=0.75, 12=0.75)
kernel_Lil=keras.regularizers.11(0.2105)
activity_regularizer=keras.regularizers.12(le-5)
brneurona=x.shape[1]

inputl =Input(shape=x.shape[1] ,name='ULAZNI SLOJ')

11=(tfa.layers.WeightNormalization(Dense(brneurona, activation='relu',
kernel_initializer=initializer,#.GlorotNormal (),
kernel_regularizer=kernel_regularizer,
bias_initializer=bias_initializer,
name='WNL_1'))) (inputl)

12=(layers.LayerNormalization(axis=-1,epsilon=0.
01, center=True,scale=True,beta_initializer="zeros",
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Ll
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=Nomne,
name="'LNL_1')) (11)
13=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel _initializer=initializer,
u
kernel_regularizer=kernel_regularizer,

‘bias_initializer=bias_initializer,
name='WNL_2"'))) (12)
14=(layers.LayerNormalization(axis=-1,epsilon=0.

.01,center=True,scale=True,beta_initializer="zeros",

u
=N

gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
L
‘beta_constraint=None,gamma_constraint=None,name='LNL_2')) (13)
15=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel_initializer=initializer,
[N}
‘kernel _regularizer=kernel_regularizer,

‘bias_initializer=bias_initializer,
name='WNL_3'))) (14)

16=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
L
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
(M)
beta_constraint=None,gamma_constraint=None,name='LNL_3')) (15)

output = (tfa.layers.
WeightNormalization(Dense(l,activation='linear',bias_initializer,
='zeros' ,name="'IZLAZ'))) (16)

model = keras.Model(inputs=inputl, outputs=output,name="Praznici")

imemodela="WNL'

plot_model (model, to_file=baza +' model.png', show_shapes=True,,,
.show_layer_names=True)

histories = []
model . compile(optimizer=opt,loss='mean_squared_error', metrics=metricss)

history=mode1.fit(x_train,y_train,epochs=500,validation_data=(x_test, y_test),
verbose=2, batch_size= 512, #500,#250
shuffle=True,callbacks=[callbacks,custom_callback])
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best_epoch = custom_callback.best_epoch

print(£"\n\nNajniZa val_mape postignuta u epohi: {best_epochl}")
histories.append(history)

history_dict=history.history

pred = model.predict([x_test])

score =mean_squared_error (pred,y_test)

print("\nFinal score (MSE): {}".format(score))

score2 = np.sqrt(mean_squared_error(pred,y_test))
print("Final score (RMSE): {}\n".format(score2))
y_train_pred=model.predict(x_train)
r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,pred)

print("R2 score on TRAIN SET: {:0.5F}".format(r2train))
print("R2 score on TEST SET: {:0.5F}".format(r2test))
maeMODEL=mean_absolute_error(y_test,pred)

print('mae MODEL: {:0.3F}\n'.format(maeMODEL))

prosekY=statistics.mean(y_test)
maePer=(maeMODEL/prosekY)+100

print('MAE% : {:0.3F}'.format(maePer)+' %')
rmsePer=(score2/prosekY) 100

print ('RMSEY : {:0.3F}'.format(rmsePer)+' %\n')
score = model.evaluate(x_test, y_test, verbose = 1)

text = colored('\nMAPE: {:0.3F}'.format(score[1]), 'red', attrs=['reverse',
.'blink'])

print (text)

ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)

trajanje=ct2-ctl

print("trajanje:-", trajanje)

model .save(str(baza)+ " "+imemodela+"MAPE="+ str(score[1])+" model.h5",
overwrite=True,include_optimizer= True)

plot_history(history, style="-", side= 5,graphs_per_row = 2, path="sa
.praznicima/"+baza+" grupno/", single_graphs=False) # da ih sacuva posebno

selected metrics = [
'mse',
'root_mean_squared_error',
'mean_absolute_error',
'mean_absolute_percentage_error',
'‘1r',

'r_square']




epochs = range(l, len(history.history['loss']) + 1)

num_plots = len(selected_metrics)

fig, axes = plt.subplots(num_plots, 1, figsize=(8, 5 * num_plots))

for i, metric in enumerate(selected_metrics):
ax = axes[i]
train_values = history.history[metric]

# Ako je metrika "lT", nema "val_" vrednost:
if metric == 'lr':

test_values = lNone
else:

test_values = history.history['val_' + metric]

if test_values is not None:
if metric == 'r2':
best_epoch = test_values.index(max(test_values))
else:
best_epoch = test_values.index(min(test_values))

ax.plot(epochs, train_values, 'b', label=f'Training {metricl}')

if test_values is not None:
ax.plot(epochs, test_values, 'orange', label=f'Test {metricl')
ax.set_title(f'{metric} with Best Test Value at Epoch {best_epoch + 1}')

ax.set_xlabel('Epochs')
ax.set_ylabel(metric)
ax.legend()

# Anotacija za mnajpovoljniju vrednost
if test_walues is not None:
if metric == 'r2':
best_value = max(test_values)
else:
best_value = min(test_values)
ax.annotate(f'Najbolja vrednost: {best_value:.4f}', xy=(best_epoch + 1,
best_value), xytext=(best_epoch + 1, best_value + 0.1),
arrowprops=dict (arrowstyle='->',,
.connectionstyle='arc3,rad=0.5"))

plt.tight_layout ()
plt.show()




MPANOI 12 - Knacudukaumja - 30Ha NOTpOLLHE

import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from temsorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReduceLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from sklearn.metrics import confusion_matrix

from sklearn.model_selection import KFold, StratifiedKFold, cross_val_score
from termcolor import colored, cprint

from numpy import unique

from numpy import argmax

from keras import losses

from keras import optimizers

from keras import metrics

from sklearn.metrics import confusion_matrix

from sklearn.metrics import classification_report

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()

X=df

# ©_columns = X.columns.drop('Seasons')

x_columns = X.columns.drop('ConsumptionZone')

x = X[x_columns] .values

x= pd.DataFrame(x,columns=x_columns)

# y = X['Seasons'].values

v = X['ConsumptionZone'] .values

yLabel="'ConsumptionZone'

# yLabel='Seasons'

x= pd.DataFrame(x)

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,
with_scaling=True, unit_variance=True)

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

ss=StandardScaler()

y = LabelEncoder() .fit_transform(y)

n_class = len(unique(y))

target_col=['CONSUMER']
features_num = [
'AVG_TEMPERATURE',
'MAXtemp', 'MINtemp',
# "humidityIng', 'precipitoationln_mm’,
# 'NOfDwithPrecipitation’,




'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',

.'DaylightHours', 'SunshineHours',
#'WorkDay ', 'Weekend', 'Holiday',
'scores', 'Trends',

#'1YBefore', '2YBefore', '3YBefore’,
'imonthBefore', 'ZmonthBefore', '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN']
features_cat = [

'CONSUMER_CATEGORY',

'CONSUMER_GROUP' ,

'CalculationPeriod’,

'Seasons’',

#'ConsumptionZone’,

'ConsumptionZonelMB',

'ZONE"',

'Summer/WinterTime',

]

X_train, x_test, y_train, y_test = train_test_split(x,y,test_size=0.20,,
random state=56) #10

num_pipe = Pipeline(steps=[
('robust', robust),
('ss', ss8),
N
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
('ss', ss)1)
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder())])

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('num', num_pipe, features_num),
('cat', cat_pipe, features_cat),
], remainder='drop' )
winsound.Beep (940, 200)
print ("0K")
¥x_train =preprocessor.fit_transform(x_train,y_train)
x_test = preprocessor.transform(x_test)

Xx_train = pd.DataFrame(x_train)
x_test = pd.DataFrame(x_test)

input_shape = [x_train.shape([1]]
x=input_shape
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print("Input shape: {}".format(input_shape))
x=x_train

winsound.Beep (940, 200)
print ("0OK")

histories = []

# MODETL

initializer = initializers.he_normal

bias_initializer =initializers.GlorotUniform()

activation='softmax'

kernel_regularizer=keras.regularizers.l1_12(11=0.55, 12=0.55)

kernel_Li=keras.regularizers.11(0.2105)

activity_regularizer=keras.regularizers.l12(le-5)

brneurona=x.shape[1]

inputl =Input(shape=x.shape[1],name='ULAZNI SLOJ')

11=(tfa.1ayers.HeightNormalization(DenseCbrneurona, activation='relu',

kernel_initializer=initializer,#.GlorotNormal (),

kernel_regularizer=kernel_regularizer,
bias_initializer=bias initializer,
name="WNL_1'))) (inputl)

12=(layers.LayerNormalization(axis=-1,epsilon=0.
01,center=True,scale=True,beta_initializer="zeros",

gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,
name="'LNL_1'))(11)
13=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel_initializer=initializer,
o
‘kernel _regularizer=kernel_regularizer,

‘bias_initializer=bias_initializer,
name="'WNL _2')))(12)
14=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
(N
.gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
L
beta_constraint=None,gamma_constraint=None,name='LNL_2')) (13)
156=(tfa.layers.WeightlNormalization(Dense(brneurona, activation=activation,
kernel initializer=initializer,

kernel_regularizer=kernel regularizer,
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‘bias_initializer=bias_initializer,
name="'WNL_3'))) (14)
16=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
L
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,

L1
‘beta_constraint=None,gamma_constraint=None,name="'LNL_3')) (15)

output = (tfa.layers.
-ImTeighthrrmalizatic:rn(Dense(n_class,acti‘.rativ:m:'softmax‘,bias_initializer_I
='zeros',name="'IZLAZ'))) (16)

model = Model(inputs=inputl, outputs=output)

imemodela="'WNL klasifikacija'

plot_model(model, to_file=baza +' klasifikacija model.png', show_shapes=True,
.show_layer_names=True)

initial_learning_rate = 0.74184

11r=[]
def 1r_exp_decay(epoch, 1r):
k = 0.09

1llr.append(lr)
return initial_learning_rate * math.exp(-k*epoch)
opt=keras.optimizers.Adadelta(learning rate=initial learning_rate,
rho=0.99,
decay=0.0001,
epsilon=1e-07) #1e-07, )

class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):

1r = self.model.optimizer.lr
decay = self .model.optimizer.decay
iterations = self .model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iteratiomns, K.dtype(decay)))
11r.append(1lr_with_decay)
print("Learning Rate = ", K.eval(lr_with_decay))

rlrop = ReduceLROnPlateau(monitor='val_loss' ,
factor=0.2, patience=5, min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',
min_delta=1e-3,
patience=15, verbose=2, mode='auto',
restore_best_weights=True)

ctl = datetime.datetime.now()




callbacks=[monitor,LearningRateScheduler(1r_exp_decay, verbose=1), monitor]

def filscore(precision, recall):
_flscore = ( 2 # recall # precision) / (recall + precisiont+ K.epsilon())
return _flscore

metricsF = tfa.metrics.FlScore(num_classes=n_class, threshold=0.7)

losss=keras.losses.SparseCategoricalCrossentropy()
metrics=[keras.losses.SparseCategoricalCrossentropy(), keras.metrics.
SparseCategoricalAccuracy()]

model.compile(optimizer=opt, loss=losss, metrics=["acc"])

history=model.fit(x_train,y_train,epochs=500,
validation_data=(x_test, y_test),
verbose=2, batch_size=512,shuffle=True,
callbacks=callbacks)

history_dict=history.history

pred = model.predict(x_test)

pred = argmax(pred, axis=-1).astype('int')
acc = accuracy_score(y_test, pred)
print('\n\nAccuracy: %.3f \n\n' % acc)

ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)
trajanje=ct2-ctl

print("trajanje:-", trajanje)

score = model.evaluate(x_test,y_test, verbose=1)
print('\n Accuracy:', score)

confusion mtx = [y_test, pred]
print("\n\n",confusion_mtx,"\n")

conf_matrix = confusion matrix(y_true=y_test, y_pred=pred)
fig, ax = plt.subplots(figsize=(10,10))
ax.matshow(conf_matrix, cmap=plt.cm.Oranges, alpha=0.3)
for i in range(conf_matrix.shape[0]):
for j in range(conf_matrix.shape[1]):
ax.text(x=j, y=i,s=conf_matrix[(i, j], va='center', ha='center',,
.size='xx-large')

plt.xlabel('Predictions', fontsize=14)
plt.ylabel('Actuals', fontsize=14)
plt.title('Confusion Matrix for '+(yLabel), fontsize=18)
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plt.show()

print(pred[0])

print (np.sum(pred[0]))

matrix = confusion_matrix(y_test, pred)
print(matrix)

print(classification_report(y_test, pred))
from IPython.display import display, HTML

conf_matrix = confusion_matrix(y_test, pred)
tp = conf_matrix[1, 1] # True Positive

fn = conf_matrix[i, 0] # False Negative

tn = conf_matrix[O, 0] # True Negative

fp = conf _matrix[0, 1] # False Positive

tpr = tp / (tp + fn) # True Positive Rate (Recall)
fpr = fp / (fp + tn) # False Positive Rate
tnr = tn / (tn + £p) # True Negative Rate

f1_scores = f1_score(y_test, pred, average=None)
for i, f1 in enumerate(fl_scores):
print(f"Fl-score za klasu {i}: {f1:.3f}")
print (f"TPR (True Positive Rate): {tpr:.3f}")
print (f"TNR (True Negative Rate): {tmnr:.3f}")
print (£"FPR (False Positive Rate): {fpr:.3f}")

# Fl-score za sve klase

from sklearn.metrics import f1_score

f1_scores = f1_score(y_test, pred, average=None)
# Kreirajte DataFrame koristeéi pandas

data = {'Klasa': np.unique(y_test),

'TPR': tpr,
'FPR': fpr,
'TNR': tnr,

'F1': f1_scores}

df = pd.DataFrame(data)
# Ispisivanje tabele
print (df)

plt.figure(figsize=(10, €))
plt.plot(history.history['acc'], label='Acc')
plt.plot(history.history['val_acc'], label='Acc Val')
plt.title(’ ")
plt.xlabel(' ( ")

plt.ylabel(’ 0y

plt.legend()
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max_acc = max(history.history['val_acc'])
max_acc_epoch = history.history['val_acc'].index(max_acc) #+ I
plt.annotate(f' : {max_acc:.4f}\n ( ): {max_acc_epoch}',
xy=(max_acc_epoch, max_acc), xycoords='data',
xytext=(10, 30), textcoords='offset points',
arrowprops=dict (arrowstyle="->"))
plt.grid(True)
plt.show()

import seaborn as sns
group_counts = ["{0:0.0f}".format(value) for value in
conf_matrix.flatten()]

group_percentages = ["{0:.2/}".format(value) for value in
conf_matrix.flatten()/np.sum(conf_matrix)]

labels = [f"{viF\n{v2}\n" for vi, v2 in
zip(group_counts,group_percentages)]

labels = np.asarray(labels).reshape(3,3)

ax = sns.heatmap(conf_matrix, annot=labels, fmt='"', cmap='Blues')
ax.set_title(" ""+(yLabel)+"'\n", fontsize=18);
ax.set_xlabel('\n ")

ax.set_ylabel(' \n');

ax.xaxis.set_ticklabels([' ', iy o ‘1
ax.yaxis.set_ticklabels([' ', ! D)

plt.savefig(str(today)+' matrica konfuzije KLASIFIKACIJA .png', dpi=600,
bbox_inches="tight')
plt.show()

print('Test loss:{:0.2F}'.format(score(0]) )

print ('CAT ACC: {:0.2F}'.format(score[1]#100)+" %")
print ('ACCURACY: {:0.2F}'.format(score[1]*100)+" %")
from sklearn.metrics import f1_score
print(f1_score(y_test, pred, average=None))

print (f1_score(y_test, pred, average='micro') )
print (f1_score(y_test, pred, average="macro"))
print(fl_score(y_test, pred, average='weighted'))




MPWUNOI 13 - Knacudchmkauumja - Moanwtea noba

import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from temnsorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReduceLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import *

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from sklearn.metrics import confusion_matrix

from sklearn.model_selection import KFold, StratifiedKFold, cross_val_score
from termcolor import colored, cprint

from numpy import unique

from numpy import argmax

from keras import losses

from keras import optimizers

from keras import metrics

from sklearn.metrics import confusion_matrix

from sklearn.metrics import classification_report

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()

X=df

x_columns = X.columns.drop('Seasons')

x = X[x_columns] .values

x= pd.DataFrame(x,columns=x_columns)

y = X['Seasons'] .values

# y = X['ConsumptionZone'].values

# yLabel='ConsumptionZone'

yLabel='Seasons'

x= pd.DataFrame(x)

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,
with_scaling=True, unit_variance=True)

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler (feature_range=(0, 1))

ss=StandardScaler()

y = LabelEncoder() .fit_transform(y)

n_class = len(unique(y))

target_col=['CONSUMER']
features_num = [
'AVG_TEMPERATURE',
'MAXtemp', 'MINtemp',
'humidityIn%', 'precipitationIn_mm',
'NOfDwithPrecipitation',




'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',

.'DaylightHours', 'SunshineHours',
'WorkDay', 'Weekend', 'Holiday',
'scores', 'Trends',

#'1YBefore', '2YBefore', '3YBefore’,
'imonthBefore', 'ZmonthBefore', '3monthBefore',
'AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN']
features_cat = [
'CONSUMER_CATEGORY',
'CONSUMER_GROUP' ,
'CalculationPeriod',
# 'Seasons’,
'ConsumptionZone',
'ConsumptionZonelMB',
'ZONE"',
'Summer/WinterTime',

]

X_train, x_test, y_train, y_test = train_test_split(x,y,test_size=0.20,,
random state=56)

num_pipe = Pipeline(steps=[
('robust', robust),
('ss', ss8),
D
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
('ss', ss)1)
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder())])

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('num', num_pipe, features_num),
('cat', cat_pipe, features_cat),
], remainder='drop' )
winsound.Beep (940, 200)
print ("0K")
x_train =preprocessor.fit_transform(x_train,y_train)
X_test = preprocessor.transform(x_test)

¥_train = pd.DataFrame(x_train)
%x_test = pd.DataFrame(x_test)

input_shape = [x_train.shape[l]]
x=input_shape
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print("Input shape: {}".format(input_shape))
x=x_train

winsound.Beep(940, 200)

print ("0K")

histories = []

# MODETL

initializer = initializers.he_normal

bias_initializer =initializers.GlorotUniform()

activation='softmax'

kernel_regularizer=keras.regularizers.11_12(11=0.55, 12=0.55)

kernel_Li=keras.regularizers.11(0.2105)

activity_regularizer=keras.regularizers.12(le-5)

brneurona=x.shape[1]

inputl =Input(shape=x.shape[1] ,name='ULAZNI SLOJ')

11=(tfa.layers.WeightNormalization(Dense(brneurona, activation='relu',

kernel_initializer=initializer,#.GlorotNormal (),

kernel _regularizer=kernel_regularizer,
bias_initializer=bias_initializer,
name="WNL_1'))) (inputl)

12=(layers.LayerNormalization(axis=-1,epsilon=0.
01, center=True,scale=True,beta_initializer="zeros",
u
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,,
mname='LNL_1'))(11)
13=(tfa.layers.WeightNormalization(Dense (brneurona, activation=activatiomn,
kernel_initializer=initializer,
u
‘kernel_regularizer=kernel_regularizer,

bias_initializer=bias_initializer,
name="'WNL_2'))) (12)
14=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
(N
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
L
beta_constraint=None,gamma_constraint=None,name='LNL_2')) (13)
15=(tfa.layers.WeightNormalization(Dense(brneurona, activation=activation,
kernel _initializer=initializer,

kernel_regularizer=kernel_regularizer,

‘bias_initializer=bias_initializer,
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name="WNL_3'))) (14)
16=(layers.LayerNormalization(axis=-1,epsilon=0.
.01, center=True,scale=True,beta_initializer="zeros",
L
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,

u
beta_constraint=None,gamma_constraint=None,name='LNL_3')) (15)

output = (tfa.layers.
WeightNormalization(Dense(n_class,activation='softmax',bias_initializer
='zeros' ,name='IZLAZ'))) (16)

model = Model(inputs=inputl, outputs=output)

imemodela="WNL klasifikacija'

plot_model(model, to_file=baza +' klasifikacija model.png', show_shapes=True,,

.show_layer_names=True)

initial_learning_rate = 0.74184

11r=[]
def 1r_exp_decay(epoch, 1r):
k = 0.09

11r.append(lr)
return initial_learning_rate # math.exp(-k+*epoch)
opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate,
rho=0.99,
decay=0.0001,
epsilon=1e-07) #1e-07, )

class MyCallback(Callback):
def on_epoch_end(self, epoch, logs=None):

1r = self.model.optimizer.lr
decay = self .model.optimizer.decay
iterations = self .model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
1lr.append(1lr_with_decay)
print("Learning Rate = ", K.eval(lr_with_decay))

rlrop = ReducelROnPlateau(monitor='val loss' ,
factor=0.2, patience=5, min_lr=0.00008,verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',
min_delta=le-3,
patience=15, verbose=2, mode='auto',
restore_best_weights=True)

ctl = datetime.datetime.now()
callbacks=[monitor,LearningRateScheduler(1lr_exp_decay, verbose=1), monitor]




def flscore(precision, recall):
_fiscore = ( 2 # recall * precision) / (recall + precision+ K.epsilon())
return _flscore

metricsF = tfa.metrics.Fl1Score(num_classes=n_class, threshold=0.7)

losss=keras.losses.SparseCategoricalCrossentropy()
metrics=[keras.losses.SparseCategoricalCrossentropy(), keras.metrics.
SparseCategoricalAccuracy()]

model.compile(optimizer=opt, loss=losss, metrics=["acc"])

history=model.fit(x_train,y_train,epochs=500,
validation_data=(x_test, y_test),
verbose=2, batch_size=512,shuffle=True,
callbacks=callbacks)

history_dict=history.history

pred = model.predict(x_test)

pred = argmax(pred, axis=-1).astype('int')
acc = accuracy_score(y_test, pred)

print ('\n\nAccuracy: %.3f \n\n' % acc)

ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)
trajanje=ct2-ctl

print("trajanje:-", trajanje)

score = model.evaluate(x_test,y_test, verbose=1)
print('\n Accuracy:', score)

confusion_mtx = [y_test, pred]
print ("\n\n",confusion_mtx,"\n")

conf_matrix = confusion_matrix(y_true=y_test, y_pred=pred)
fig, ax = plt.subplots(figsize=(10,10))
ax.matshow(conf_matrix, cmap=plt.cm.Oranges, alpha=0.3)
for i in range(conf_matrix.shape[0]):
for j in range(conf_matrix.shape[1]):
ax.text(x=j, y=i,s=conf_matrix([i, jl, va='center', ha='center',,
.8ize='xx-large')

plt.xlabel('Predictions‘, fontsize=14)
plt.ylabel('Actuals', fontsize=14)

plt.title('Confusion Matrix for '+(yLabel), fontsize=18)
plt.show()
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print (pred[0])

print (np.sum(pred[0]))

matrix = confusion_matrix(y_test, pred)
print(matrix)
print(classification_report(y_test, pred))
from IPython.display import display, HTML

conf_matrix = confusion matrix(y_test, pred)
# TPR, FPR ¢ TNR

tp = conf_matrix[1, 1] # True Positive

fn = conf_matrix([1, 0] # False Negative

tn = conf_matrix[0, 0] # True Negative

fp = conf_matrix[0, 1] # False Positive

tpr = tp / (tp + fn) # True Positive Rate (Recall)
fpr = fp / (fp + tn) # False Positive Rate
tnr = tn / (tn + fp) # True Negative Rate
# Fl-score za sve klase
f1_scores = fl1_score(y_test, pred, average=None)
for i, f1 in enumerate(f1_scores):
print(f"Fl-score za klasu {i}: {f1:.3f}")
print (f"TPR (True Positive Rate): {tpr:.3f}")
print (f"TNR (True Negative Rate): {tnr:.3f}")
print (f"FPR (False Positive Rate): {fpr:.3f}")

plt.figure(figsize=(10, 6))
plt.plot(history.history['acc'], label='Acc')
plt.plot(history.history['val_acc'], label='Acc Val')
plt.title(’ ")

plt.xlabel (' ( )RD]

plt. ylabel (! ")

plt.legend()

max_acc = max(history.history['val_acc'])

max_acc_epoch = history.history['val_acc'].index(max_acc) #+ 1

plt.annotate(f' : {max_acc:.4f}\n ( ): {max_acc_epoch}',
xy=(max_acc_epoch, max_acc), xycoords='data',
xytext=(10, 30), textcoords='offset points',
arrowprops=dict(arrowstyle="->"))

plt.grid(True)

plt.show()

import seaborn as sns
group_counts = ["{0:0.0f}".format(value) for value in

conf_matrix.flatten()]

group_percentages = ["{0:.2%}".format(value) for value in
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conf_matrix.flatten() /np.sum(conf_matrix)]

labels = [f"{vi}\n{v2}\n" for vi, v2 in
zip(group_counts,group_percentages)]

labels = np.asarray(labels).reshape(4,4)

ax = sns.heatmap(conf_matrix, annot=labels, fmt='", cmap='B1ues')
ax.set_title(" '"+(yLabel)+"'\n", fontsize=18);
ax.set_xlabel('\n i)

ax.set_ylabel(' \n');

ax.xaxis.set_ticklabels([' ', ' iy 0 05 0 1Y)
ax.yaxis.set_ticklabels([' ', ' gt g U T

plt.savefig(str(today)+' matrica konfuzije KLASIFIKACIJA godisnja doba.png',,
.dpi=600, bbox_inches='tight')
plt.show()

print('Test loss:{:0.2F}'.format(score(0]) )
print('CAT ACC: {:0.2F}'.format(score[1]#100)+" %")
print ('ACCURACY: {:0.2F}'.format(score[1]*100)+" %")
from sklearn.metrics import fl_score
print(fl_score(y_test, pred, average=None))
print(fl_score(y_test, pred, average='micro') )
print(f1_score(y_test, pred, average="macro"))

print (f1_score(y_test, pred, average='weighted'))
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import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import #*

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from tensorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReducelLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import #*

import winsound

from datetime import date

today = date.today()

from sklearn import linear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from termcolor import colored, cprint

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()
print("start current time:-", ct)

X=df
%x_columns = X.columns.drop([
'AVG_TEMPERATURE',
'MAXtemp', 'MINtemp',#'Praznik’,
'humidityInj,', 'precipitationIn mm', 'NOfDwithPrecipitatiomn',
'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',,
.'DaylightHours', 'SunshineHours'])

x = X[x_columns] .values
x=pd .DataFrame (x,columns=[x_columns])
x1_columns = ['AVG_TEMPERATURE',
'MAXtemp', 'MINtemp',
'humidityInj', 'precipitationIn mm', 'NOfDwithPrecipitatiomn',
'NoOfClearDays', 'NoOfCloudyDays', 'InsolationInHours',
.'DaylightHours', 'SunshineHours"']

x1 = X[x1_columns] .values
x1=pd.DataFrame(x1,columns=[x1_columns])
y = X['ConsumptionInkwh'].values
y_columns=['ConsumptionInkwh']
winsound.Beep (940, 200)

print('0K')

ydf=pd.DataFrame (y,columns=[y_columns])

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,,,
with_scaling=True, unit_variance=True)

ss=StandardScaler()




target_col=[('CONSUMER',)]

features_num = [ ( 'Praznik',),
( 'scores',),
( 'Trends', ),
( "imonthBefore',),
( '2monthBefore',),
( '3monthBefore',),
{ "AVGconsumption',),
{ 'razlikaOdMAX',),
( 'razlikaOdMIN',)]

features_cat = [( 'CONSUMER_CATEGORY
( 'ZONE',),
( ' CONSUMER_GROUP',),
( 'CalculationPeriod',),
( 'Seasons',),
(
(
(

e
-

'Summer/WinterTime',),
'ConsumptionZone',),

[

ConsumptionZonelMB',),]

Xx_train, x_test, y_train, y_test = train_test_split(x,y,test_size=0.20,,
random_state=56)

x_trainl, x_testl, y_trainl, y_testl = train_test_split(xl,y,test_size=0.20,
-random_state=56)

num_pipe = Pipeline(steps=[
('robust', robust),
# ('ss', ss)
iD)
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
# ('ss', ss)
ip)
cat_pipe = Pipeline(steps=I[
('encode', OneHotEncoder()),
('robust', robust),
# ('ss', ss)
1

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('num', num_pipe, features_num),
('cat', cat_pipe, features_cat),
], remainder='drop')

X_train =preprocessor.fit_transform(x_train,y_train)
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X_test = preprocessor.transform(x_test)

¥_train = pd.DataFrame(x_train)
x_test = pd.DataFrame(x_test)

features_numl = [( 'AVG_TEMPERATURE',),
( 'MAXtemp',),
( 'MINtemp',),
# ( "humidityIng ', ),
#( 'precipitationIn_mm',),
# ('NOfDwithPrecipitation’,),
{ 'NoOfClearDays',),
{ 'NoOfCloudyDays',),
( 'InsolationInHours',),
( 'DaylightHours',),
( 'SunshineHours',)

preprocessorl = ColumnTransformer (transformers=[
('numl’, num_pipe, features_numl),
1, remainder='drop')

x_trainl =preprocessorl.fit_transform(x_trainl,y_trainl)
x_testl = preprocessorl.transform(x_testl)

¥_trainl = pd.DataFrame(x_trainl)
%x_testl = pd.DataFrame(x_test1)

input_shape = [x_train.shape([1]]

input_shapel = [x_trainl.shape[1]]
print("Input shape: {}".format(input_shape))
print("Input shapel: {}".format(input_shapel))
¥x=¥%_train

x1=x_trainl

winsound.Beep(940, 200)

print ("0K")

initializer = initializers.he_normal

bias_initializer =initializers.he_normal

activation='relu'
kernel_regularizer=keras.regularizers.11_12(11=0.5105, 12=0.5105)
kernel_Ll=keras.regularizers.11(0.2105)

input0 =Input(shape=x.shape[1],name="0Ostali podaci") #
inputi=Input(shape=x1.shape[1] ,name="Meteoroloski podaci") # &8 #




tfalevo = (tfa.layers.WeightlNormalization(Dense((x1.shapel[1]),,,
.activation=activation,
kernel initializer=initializers.
GlorotNormal(),

kernel_regularizer=kernel_regularizer,
[
bias_initializer=bias_initializer, name='WNL_METEO1'))) (inputl)
lnlevo =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=False,scale=True,beta_initializer="zeros",
(W]
.gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,
mname='LNL_METEOD1')) (tfalevo)
tfalevo2 = (tfa.layers.WeightNormalization(Dense((x1.shape[1]),
.activation=activation,
kernel_initializer=initializers.
GlorotNormal (),

‘kernel_regularizer=kernel_regularizer,
[N
bias_initializer=bias_initializer, name='WNL_METE02'))) (1nlevo)
1n1l =(layers.LayerNormalization(axis=-1,epsilon=0.

01, center=False,scale=True,beta_initializer="zeros",

()
.gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,

beta_constraint=None,gamma_constraint=None,
name='LNL_METED2')) (tfalevo2)

tfalevod = (tfa.layers.WeightNormalization(Dense((x1.shapel[1]),,,
.activation=activation,

kernel initializer=initializers.
GlorotNormal(),

kernel_regularizer=kernel_regularizer,

o
bias_initializer=bias_initializer, name='WNL_METE03'))) (1nl)
tfacentar = (tfa.layers.WeightNormalization(Dense((x.shape[1]),,

.activation=activation,

kernel _initializer=initializer,

kernel_regularizer=kernel_regularizer,

L
‘bias_initializer=bias initializer, name='WNL 1'
))) (input0)

o
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lncentar =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
(W)
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
(W]
beta_constraint=None,gamma_constraint=None, name='LNL_1')) (tfacentar)
tfacentar2 = (tfa.layers.WeightNormalization(Dense((x.shape[1]),,,
-activation=activation,kernel_initializer=initializer,
(=)
kernel_regularizer=kernel _regularizer,
(]
‘bias_initializer=bias_initializer, name='WNL_2'))) (lncentar)
1n2 =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
(W]
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,,
name='LNL _2')) (tfacentar?2)
tfacentar3 = (tfa.layers.WeightNormalization(Dense((x.shape[1]),,
.activation=activation,kernel_initializer=initializer,
L
kernel_regularizer=kernel _regularizer,
(]
‘bias_initializer=bias_initializer, name='WNL_3'
))) (1n2)
merge = concatenate([tfalevo3,tfacentar3], name='SPAJANJE')
lnhiden=(layers.LayerNormalization(axis=-1,epsilon=0.
01, center=True,scale=True,beta_initializer="zeros",
(W]
gamma_initializer="ones" ,beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=Nomne,
name='LNL_3"')) (merge)
output = (tfa.layers.
WeightNormalization(Dense(l,activation='linear',bias_initializer ='zeros',
name="'TZLAZ'))) (1nhiden)

model = Model(inputs=[input0,inputl], outputs=output,name='Meteo')

from keras.utils.vis_utils import plot_model

plot_model(model, to_file='meteoroloski model_plot.png', show_shapes=True,
.show_layer_names=True)

histories = []
ctl=datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct1)
initial_learning rate = 0.9
11r=[]




def 1r_exp_decay(epoch, 1r):
k=0.1
1lr . append(lr)
return initial_learning rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate,
rho=0.99,decay=0.00001,epsilon=1e-07)

class MyCallback(Callback}):
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
decay = self .model.optimizer.decay
iterations = self.model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()

rmse=kera5.metrics.RootMeaﬂSquaredError()

rlrop = ReduceLROnPlateau(monitor='val_loss' ,factor=0.2, patience=5,min_lr=0.
.00008, verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',min_delta=le-4,patience=5,
verbose=2, mode='auto',restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(K.square(y_test - pred))
SS_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - 35_res/(SS_tot + K.epsilon()) )*100

metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),

1 1

mse', 'mean_absolute_error',rmse,r_square]

log_dir = "logs/fit/" + "pok" + str(l)

tensorboard_callback = tf.keras.callbacks.TensorBoard(log_dir=log_dir,,
histogram_freq=1)

callbacks=[tensorboard_callback,LearningRateScheduler (1r_exp_decay, verbose=1),,
monitor]

model.compile(optimizer=opt,loss="mse", metrics=metricss )

history=model.
fit([x_train,x_trainl],y_train,epochs=500,validation_data=([x_test,x_testil],
y_test),
verbose=2, batch_size=512,shuffle=True,callbacks=callbacks)
histories.append(history)
history_dict=history.history




pred = model.predict([x_test,x_testl])
pred=pred.astype (int)

score =mean_squared_error(pred, y_test)
print("\nFinal score (MSE): {}".format(score))

score2 = np.sqrt(mean_squared_error(pred, y_test))
print("Final score (RMSE): {}\n".format(score2))

y_train_pred=model.predict([x_train,x_traini])
y_test_pred=model.predict([x_test,x_testi])
y_train_pred=y_train_pred.astype(int)
y_test_pred=y_test_pred.astype(int)

r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,y_test_pred)

print("R2 score on TRAIN SET: {:0.5F}".format(r2train))
print("R2 score on TEST SET: {:0.5F}".format(r2test))

# ZA plots
loss_values=history_dict['loss']
val_loss_values=history_dict['val_loss']

mapelos=history_dict['mean_absolute_percentage_error']
mapevallos=history_dict['val_mean_absolute_percentage_error']

rmseloss=history_dict['root_mean_squared_error']
rmsevallos=history_dict['val_root_mean_squared_error']

maeMODEL=mean_absolute_error(y_test,pred)

print('mae MODEL: {:0.3F}\n'.format{(maeMODEL))
prosekY=statistics.mean(y_test)
maePer=(maeMODEL/prosekY)*100

print ('MAEY : {:0.3F}'.format(maePer)+' %')
rmsePer=(score2/prosekY)*100

print ('RMSEY : {:0.3F}'.format(rmsePer)+' %\n')

score = model.evaluate([x_test,x_testl], y_test, verbose = 1)
ct2 = datetime.datetime.now()

print("\nSADASNJE VREME:-", ct2)
trajanje=ct2-ctl
print("trajanje:-", trajanje)

model .save(str(today)+str(baza)+"model .h5", overwrite=True,include_optimizer=
True)

text = colored('\nMAPE: {:0.3F}'.format(score[1]), 'red', attrs=['reverse',,
."blink'])

print (text)
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winsound.Beep (440, 200)

winsound.Beep (500, 200)

winsound.Beep (500, 200)

plot_history(history, style="-", side= 5,graphs_per_row = 2,
single_graphs=False)

print('ime baze: ', baza,'\n ')

print ('RMSE: {:0.2F}'.format(score[4]))

rmsePer=(score[4]/prosekY)+100

print('RMSE): {:0.2F}'.format(rmsePer)+' %')

text = colored('\nMAPE: {:0.3F}'.format(score[l1]), 'red', attrs=['reverse',,
'blink'])

print(text)

print('MAE%: {:0.2F}'.format(maePer)+' %')

print('R2: {:0.2F}'.format(score[5])+" %")

r2=(score[5])/100

p=x_test.shape[1]

N=x_test.shape [0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print('AR2: {:0.2F}'.format(adj_rsquared+100)+" %")

print ("\nSADASNJE VREME:-", datetime.datetime.now())

winsound.Beep (440, 100)
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APWUNOI 15 - MynTumoganHocT - Hymepudka n HeHymepudka obenexja

import numpy as np

import pandas as pd

import sklearn

from sklearn import preprocessing

from sklearn.metrics import *

from sklearn.compose import make_column_transformer
from sklearn.preprocessing import *

from sklearn.model_selection import train_test_split
import matplotlib.pyplot as plt

import plotly.express as px

import math

import time

import datetime

ct = datetime.datetime.now()

import statistics

from tensorflow import keras

from tensorflow.keras.callbacks import LearningRateScheduler, EarlyStopping
from tensorflow.keras import callbacks

from keras.callbacks import ReduceLROnPlateau, Callback
from tensorflow.keras import initializers

import keras.backend as K

from keras.regularizers import 12

import tensorflow as tf

import tensorflow_addons as tfa

from tensorflow.keras import layers

from category_encoders import #

import winsound

from datetime import date

today = date.today()

from sklearn import limear_model

from sklearn import metrics

from sklearn.metrics import r2_score

from sklearn.pipeline import Pipeline

from sklearn.compose import ColumnTransformer

from sklearn.feature_selection import SelectKBest, f_regression
from keras.layers import Dense, Input, LSTM, Embedding, Dropout, Activation
from keras.layers.merge import concatenate
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from keras.models import Model, Input, load_model

from keras.models import save

from plot_keras_history import show_history, plot_history
from keras.utils.vis_utils import plot_model

from termcolor import colored, cprint

import os

import colorama

from colorama import Fore, Back, Style

import sys

baza='podaci'
df = pd.read_csv(baza +'.csv')

ct = datetime.datetime.now()
print("start current time:-", ct)
X=daf
category_1=['CONSUMER', 'CONSUMER_CATEGORY',
'"ZONE',
' CONSUMER_GROUP',
'CalculationPeriod’',
'Seasons',
'Summer/WinterTime',
'ConsumptionZone',
'ConsumptionZonelMB']
numerical_22= ['AVG_TEMPERATURE','MAXtemp', 'MINtemp',
# 'humidityInd', 'precipitationIn_mm', 'NOfDwithPrecipitation’,
'Praznik', 'NoOfClearDays', 'NoOfCloudyDays',.
~'InsolationInHours',
'DaylightHours', 'SunshineHours',
#'WorkDay ', 'Weekend', 'Holiday',
'scores', 'Trends',
'imonthBefore', 'Z2monthBefore’','3monthBefore’',
"AVGconsumption', 'razlikaOdMAX', 'razlikaOdMIN']

target_col=[('CONSUMER',) ]

cat = [ ('CONSUMER_CATEGORY',),

( '"ZONE',),

('CONSUMER _GROUP',),

('CalculationPeriod',),

( 'Seasomns',),

( 'Summer/WinterTime',),

('ConsumptionZone',),

('ConsumptionZonelMB',),

]
x = X[category_1].values

x=pd.DataFrame(x,columns=[category_1])




x1 = X[numerical_22].values
x1=pd.DataFrame(x1,columns=[numerical_22])

y = X['ConsumptionInkwh'].values
y_columns=['ConsumptionInkwh']

enc = TargetEncoder()

norm = preprocessing.MinMaxScaler(feature_range=(0, 1))

power = PowerTransformer (method='yeo-johnson')

robust=RobustScaler(quantile_range=(25, 75),with_centering=True,
with_scaling=True, unit_variance=True)

ss=StandardScaler()

x_train, x_test, y_train, y_test = train_test_split(x,y,test_size=0.20,
random_state=56)

x_trainl, x_testl, y_trainl, y_testl = train_test_split(xl,y,test_size=0.20,,
.random_state=56)

num_pipe = Pipeline(steps=[
('robust', robust),
#('as', ss),
1
target_pipe= Pipeline(steps=[
('target', enc),
('robust', robust),
#('ss', ss),
1
cat_pipe = Pipeline(steps=[
('encode', OneHotEncoder()),
('robust', robust),
# ('ss', ss),#(with_mean=False)),

1D]

preprocessor = ColumnTransformer (transformers=[
('tar', target_pipe, target_col),
('cat', cat_pipe, cat),
], remainder='drop')

¥_train =preprocessor.fit_transform(x_train,y_train)
X_test = preprocessor.transform(x_test)

X_train = pd.DataFrame(x_train)#, columns=z_columns)

x_test = pd.DataFrame(x_test)#, columns=xz_columns)

num = [('AVG_TEMPERATURE',),
# ('humidityIni',),
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# ('precipitationIn_mm',),

# ('NOfDwithPrecipitation’,),
('MAXtemp',),

('MINtemp',),

('Praznik',),
('NoOfClearDays',),
('NoOfCloudyDays',),
('InsolationInHours',),

# ('DaylightHours',),
# ('SunshineHours',),
# ('WorkDay',),
# ('Weekend',),
# ('Holiday',),
('scores',),
('Trends',),
('imonthBefore',),
('2monthBefore',),
('3monthBefore',),
('AVGconsumption',),
('razlikaOdMAX',),
('razlikaOdMIN',),
]
preprocessorl = ColumnTransformer(transformers=[ #NUMERICKA GRANA
('num', num_pipe, num),
1, remainder='drop')

x_trainl =preprocessorl.fit_transform(x_trainl,y_traini)
x_testl = preprocessorl.transform(x_testl)

x_trainl = pd.DataFrame(x_trainl)
x_testl = pd.DataFrame(x_testl)

ydf=pd.DataFrame (y,columns=[y_columns])
input_shape = [x_train.shape[1]]

input_shapel = [x_trainl.shape[1]]

print("Input shape CAT: {}".format(input_shape))
print("Input shape NUM: {}".format(input_shapel))
x=x_train

x1=x_trainil
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print ("0K")

#MODEL

initializer = initializers.he_normal

bias_initializer =initializers.he_normal

activation='relu'
kernel_regularizer=keras.regularizers.11_12(11=0.5105, 12=0.5105)




kernel_Li=keras.regularizers.11(0.2105)
input0 =Input(shape=x.shape[1],name="CAT podaci")
inputl=Input (shape=x1.shape[1] ,name="NUM podaci")

tfalevo = (tfa.layers.WeightNormalization(Dense((x1.shape[1]),,
.activation=activation,
kernel_initializer=initializer,
u
kernel_regularizer=kernel_regularizer,
U
bias_initializer=bias_initializer, name='WNL_NUM_01'))) (inputl)
1nleve =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=False,scale=True,beta_initializer="zeros",
u
.gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,
name="'LNL_NUM_01')) (tfalevo)
tfalevo2 = (tfa.layers.WeightNormalization(Dense((x1.shapel[1]),,
activation=activation,
kernel_initializer=initializer,

kernel_regularizer=kernel_regularizer,
u
‘bias_initializer=bias_initializer, name='WNL_METED2'))) (lnlevo)
1n1l =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=False,scale=True,beta_initializer="zeros",
u
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,
name="'LNL_NUM_02')) (tfalevo2)
tfalevo3 = (tfa.layers.WeightNormalization(Dense((x1.shape[1]),,
.activation=activation,
kernel_initializer=initializer,

‘kernel_regularizer-kernel_regularizer,

U
bias_initializer=bias_initializer, name='WNL_NUM 03'))) (1nl)
tfacentar = (tfa.layers.WeightNormalization(Dense((x.shape[1]),.

-activation=activation,

kernel_initializer=initializer,

‘kernel _regularizer=kernel regularizer,

U
‘bias_initializer=bias_initializer, name='WNL_CAT_01'
))) (input0)

o




Incentar =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
J
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,
.gamma_constraint=None, name='LNL_CAT_01')) (tfacentar)
tfacentar2 = (tfa.layers.WeightNormalization(Dense((x.shape[1]),,,
.activation=activation,

kernel _initializer=initializer,

‘kernel_regularizer=kernel_regularizer,
u
bias_initializer=bias_initializer, mame='WNL_CAT_02'
))) (lncentar)
1n2 =(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
o
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,
name='LNL_CAT_02')) (tfacentar2)
tfacentar3 = (tfa.layers.WeightNormalization(Dense((x.shape[1]),,,
.activation=activation,

kernel initializer=initializer,

‘kernel_regularizer=kernel_regularizer,
u
‘bias_initializer=bias_initializer, name='WNL_CAT_03'
))) (1n2)
merge = concatenate([tfalevo3,tfacentar3], name='SPAJANJE')
lnhiden=(layers.LayerNormalization(axis=-1,epsilon=0.
.01,center=True,scale=True,beta_initializer="zeros",
u
gamma_initializer="ones",beta_regularizer=None,gamma_regularizer=None,
beta_constraint=None,gamma_constraint=None,
name="'LNL_03')) (merge)
output = (tfa.layers.
WeightNormalization(Dense(l,activation='linear',bias_initializer ='zeros',
mname="'IZLAZ"'))) (Inhiden)
model = Model (inputs=[inputO,inputi], outputs=output,name='NumCat')
from keras.utils.vis_utils import plot_model
plot_model (model, to_file='KAT NUM model_plot.png', show_shapes=True,
.show_layer_names=True)
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histories = []
ctl=datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct1)

initial_learning_rate = 0.9

11r=[]

def 1lr_exp_decay(epoch, 1r):
k=0.1

1lr.append(lr)
return initial_learning_rate * math.exp(-k*epoch)

opt=keras.optimizers.Adadelta(learning_rate=initial_learning_rate, #0.001 --—,
Me pomaze,
rho=0.99,decay=0.00001,epsilon=1e-07)

class MyCallback(Callback) :
def on_epoch_end(self, epoch, logs=None):
1r = self.model.optimizer.lr
decay = self.model.optimizer.decay
iterations = self.model.optimizer.iterations
1r_with_decay = 1r / (1. + decay * K.cast(iterations, K.dtype(decay)))
print("Learning Rate = ", K.eval(lr_with_decay))

print_rl = MyCallback()

rmse=keras.metrics.RootMeanSquaredError ()

rlrop = ReduceLROnPlateau(monitor='val_loss' ,factor=0.2, patience=5,min_lr=0.
00008, verbose=2)

monitor = EarlyStopping(monitor= 'val_loss',min_delta=le-4,patience=5,
-verbose=2, mode='auto',restore_best_weights=True)

def r_square(y_test, pred):
SS_res = K.sum(K.square(y_test - pred))
SS_tot = K.sum(K.square(y_test - K.mean(y_test)))
return ( 1 - SS_res/(SS_tot + K.epsilon()) )*100

metricss=[(keras.metrics.MeanAbsolutePercentageError(
name="mean_absolute_percentage_error", dtype=None)),
'mse', 'mean_absolute_error',rmse,r_square]

log_dir = "logs/fit/" + "pok" + str(1)

tensorboard_callback = tf.keras.callbacks.TensorBoard(log_dir=log_dir,
histogram_freq=1)

callbacks=[tensorboard_callback,LearningRateScheduler(lr_exp_decay, verbose=1),

monitor]

model.compile(optimizer=opt,loss="mse", metrics=metricss )




history=model.
fit([x_train,x_trainl],y_train,epochs=500,validation_data=([x_test,x_testl],.,
y_test),
verbose=2, batch_size=512,shuffle=True,callbacks=callbacks)
histories.append(history)
history_dict=history.history

pred = model.predict([x_test,x_testl])
pred=pred.astype(int)

score =mean_squared_error (pred, y_test)
print("\nFinal score (MSE): {}".format(score))

score2 = np.sqrt(mean_squared_error(pred, y_test))
print ("Final score (RMSE): {}\n".format(score2))

y_train_pred-model.predict ([x_train,x_traini])
y_test_pred=model.predict([x_test,x_testl])
y_train_pred=y_train_pred.astype(int)
y_test_pred=y_test_pred.astype(int)

r2train=r2_score(y_train,y_train_pred)
r2test=r2_score(y_test,y_test_pred)

print ("R2 score on TRAIN SET: {:0.5F}".format(r2train))
print ("R2 score on TEST SET: {:0.5F}".format(r2test))

# ZA plots
loss_values=history_dict['loss']
val_loss_values=history_dict['val_loss']

mapelos=history_dict['mean_absolute_percentage_error']
mapevallos=history_dict['val_mean_absolute_percentage_error']

rmseloss=history_dict['root_mean_squared_error']
rmsevallos=history_dict['val_root_mean_squared_error']

maeMODEL=mean_absolute_error(y_test,pred)
print('mae MODEL: {:0.3F}\n'.format(maeMODEL))
prosekY=statistics.mean(y_test)
maePer=(maeMODEL/prosekY) 100

print ('MAEY, : {:0.3F}'.format(maePer)+' ')
rmsePer=(score2/prosekY) *100

print ('RMSEY, : {:0.3F}'.format(rmsePer)+' %\n')
score = model.evaluate([x_test,x_testl], y_test, verbose = 1)
ct2 = datetime.datetime.now()

print ("\nSADASNJE VREME:-", ct2)
trajanje=ct2-ctl
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print("trajanje:-", trajanje)

model .save (str(today)+str(baza)+"model.h5", overwrite=True,include_optimizer=,
True)

text = colored('\nMAPE: {:0.3F}'.format(score[1]), 'red', attrs=['reverse',,
'blink'])

print (text)

plot_history(history, style="-", side= 5,graphs_per_row = 2,
-single_graphs=False)

print('ime baze: ', baza,'\n ')

print ('RMSE: {:0.2F}'.format(scorel4]))

ronsePer=(score[4] /prosekY) 100

print ('RMSE%: {:0.2F}'.format(rmsePer)+' %')

text = colored('\nMAPE: {:0.3F}'.format(score[1]), 'red', attrs=['reverse',,
.'blink'])

print(text)

print ('MAE%: {:0.2F}'.format(maePer)+' %')

print ('R2: {:0.2F}'.format(score[51)+" %")

r2=(score[5]) /100

p=x_test.shape[1]

N=x_test.shape [0]

rx = (1-r2)

ry = (N-1) / (N-p-1)

adj_rsquared = (1 - (rx * ry))

print ('AR2: {:0.2F}'.format(adj_rsquared*100)+" %")

print ("\nSADASNJE VREME:-", datetime.datetime.now())
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Buorpaduja xanguaara

Hparana (Munan) Knexesuh, poliena je y bajunoj bamrru, 28. mapra 1987. rogune, onpacia
na Tapu - Kanyhepcke bape.

OcHOBHO ¥ cpembe oOpasoBambe 3aBpunia y bajunoj bamty ca oamH4HuM ycrnexoM.

Bucoxo obpa3oBame (OCHOBHE H CHEHjaMMCcTHIKe CTYAMje) 3aBpIlMia Ha Bucokoj nocnoBHo-
TeXHHYKO] IIKOIH y Yiuiy (caja AkajaeMuja cTpyKoBHUX cTynuja 3ananna Cpbuja, Omcex
Vixune, ckpaheno ACC3C) naxon uera 2014. ynucyje @akynTer TexXHHYKHX Hayka y Yauky,
Vuupepsuter y KparyjeBuy, cryamjckn nporpam Hudopmanmone TexHomormje.
Junnomupana 2015. rogune xoa mMentopa ap Bnaammmupa Mnanenosuha, ca onexom 10, u
npocekoM 8.79 y ToKy cTyauja.

loguny naHa Mo 3aBpIIETKY OCHOBHHMX CTyAuja ymucyje mactep cryauje Mudopmarmone
TEXHONOTHje U ucTe 3aBpiaBa 2017. roaune, ondpaHOM MacTep pana, Ko MeHTopa ap Mapuje
Bnarojesuh ca ouenom 10 u npocequohouenom Ha MacTep cTyaujama 9.75.

Joxropcke ctynuje ynmcana 2017. rogune Ha ®PakynreTy TeXHHUKHX Hayka y Yauky,
Yuusepsutet y Kparyjeeuy, crynujcku nporpam Hudopmanmone Texnonoryje.

Opn noyetka ocHoBHUX cTyauja Ha ACC3C, aHraxoBaHa Kao CTYAECHT ACMOHCTPATOP HA BHILIC
HACTaBHUX TIpeMeTa.

Ox 2013-2017. ronuue 3anocnena Ha ACC3C, Oncex Yxkune, y 3Bamy CapaaHuk y HacTaBH
3a HayuHy obnacT Pauynapcke Hayke.

Opn 2019. ronune 3anocnena Ha ACC3C, Oncek Yixuue y 3Bamy ACHCTEHT, Hay4Ha o0NacT
PauyHapcko HHKEHEPCTEO U HHPOPMATHKA.

On MoMeHTa MmpBOr 3amoclielba aHrakKoBaHa Kao 4ilaH HEKOAWKO THMOBA: 4iaH
opranuzanuonor ogbopa nayunor ckyma CEJ[, Tuma 3a npomonujy Opceka, THMa 3a
CAMOBPE/IHOBALE, THMA 3d OJpiKaBalbe W axypupame cajra Ojceka YiKuLE H Y4ECHHK Ha
HEKOJIMKO YCIIEHIHO PEATH30BaHUX MTPOjeKaTa.

AyTop M KoayTop BHILIE HAYYHHX pajoBa y KaTeropujama M23 (2 paga), M24 (1 pax) n M33
(15 panosa).

KoayTop jennor npakTukyma M jeane 30upke 3agaTaxa.

V¥ nara u nonocHa majka jenne Coduje.

Cnucak 00jaB/beHHX HAYYHHX H CTPYYHHX pPajfioBa

Kateropuja M23 - Pag y mel)ynapoanom yaconuncy

[1] D. KneZevi¢, M. Blagojevi¢, and A. Rankovi¢, “Monthly electricity consumption
prediction: integrating artificial neural networks and calculated attributes,” J. Sci. Ind. Res.
IR, vol. 83, no. 1, 2024, doi: https://doi.org/10.56042/isir.v8311.3523.

2] D. Knezevi¢, Marija Blagojevi¢, Aleksandar Rankovi¢, Electricity Consumption
Prediction Model for Improving Energy Efficiency Based on Artificial Neural




Networks, Studies in Informatics and Control, ISSN 1220-1766, vol. 32(1), pp. 69-79,
2023, doi: https://doi.org/10.24846/v32i1y202307.

Kareropuja M24 — Paj y Hanmmonannom yaconucy melyynapoanor 3nauaja
[1]1 D. KneZevié¢, Marija Blagojevic, Classification of electricity consumers using artificial
neural networks, Facta Universitatis, (2019), Vol. 32, No. 4, pp. 529-538;

KaTopnja M33 - Caonmreme ca Mel)yHapoJHOT CKyNa IITAMIAHO Y HEeIHHHA

[1]1 D. Knezevi¢, M. Blagojevi¢, A. Rankovi¢, “Classification of electricity consumers using
model based on neural network”, International Multidisciplinary Conference CCHE,
Conference of Academies for Applied Studies in Serbia (CAASS), 2024, c1p. 403-408,
ISBN-978-86-82744-02-3; ISBN-978-86-82744-00-9;

[2]1 M. Muri¢, D. KneZevi¢, A. Petrovi¢, “Masters of vectors: comparative exploration of
Core]DRAW, Adobe Illustrator, and Affinity Designer 2, International Multidisciplinary
Conference CCHE, Conference of Academies for Applied Studies in Serbia (CAASS),
2024, cTp. 70-75, ISBN-978-86-82744-02-3; ISBN-978-86-82744-00-9;

[3] D. Knezevi¢, 1. Stanisevic, M. Muri¢, A. Petrovi¢, “Teaching programming to

undergraduate students of applied studies: challenges faced by both teachers and students

in recent years”, International Multidisciplinary Conference CCHE, Conference of

Academies for Applied Studies in Serbia (CAASS), 2024, ctp. 263-268, ISBN-978-86-

82744-02-3; ISBN-978-86-82744-00-9;

A. Petrovi¢, P. Melenec, M. Milivojevi¢, M. Muri¢, D. KnezZevi¢, T. Komlenovic,

“Developing software and hardware of a device for measuring the sample temperature in

a viscometer”, International Multidisciplinary Conference CCHE, Conference of

Academies for Applied Studies in Serbia (CAASS), 2024, ctp. 284-291, ISBN-978-86-

82744-02-3; ISBN-978-86-82744-00-9;

[5] Dragana KneZevi¢, Ljubica Dikovic, (2023), ,,The Internet of Things in healthcare:
advantages, applications, and future research directions*, SED 2023, Uzice 2023, ISBN
978-86-82078-18-0;

[6] Dragana KneZevi¢, Srdan Obradovic, Milorad Muric¢, (2023), ,,Effect of social media on
edu website traffic*, SED 2023, Uzice 2023, ISBN 978-86-82078-18-0;

[71 Dragana Knezevi¢, Srdan Obradovi¢, Milovan Milivojevi¢, (2023), ,,Using DBMS and
Shiny web framework to develop software for student survey data collection and analysis®,
SED 2023, Uzice 2023, ISBN 978-86-82078-18-0;

[8] Milorad Muri¢, Dragana KneZevi¢, Alcksandar Milovanovi¢, (2023), ,,Mobile
application for exam registration for master's studies*, SED 2023, Uzice 2023, ISBN 978-
6-820’?8-18-0;

[91 M. Muri¢, N. Stefanovi¢, M. Milanovi¢, D. Knezevi¢, (2022), ,,E-invoicing — Case Study
in Serbia*, TIE 2022, c1p. 326-333, Cacak 2022. DOI: 10.46793/TIE22.326M;

[10]D. KneZevi¢, (2021), The visualisation of electricity consumers and electricity
ﬁnsumption in an urban area, SED 2021, Uzice 2021; ISBN 978-86-82078-11-1;

[111D. KneZevi¢, M. Blagojevi¢, A. Rankovic, (2019), ,,Prediction of electricity consumption
using artificial neural networks*, KMI, Kopaonik 2020; ISBN 978-86-6211-123-4;

[12]1D. KneZevi¢, ,,The correlation between national e-learning standards of Serbia and its
neighboring countries and international standards®, T1E 2018, ISBN: 978-86-7776-226-1,
Cadak 2018;
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[13]1 D. Knezevi¢, M. Blagojevic¢, I. Marinkovic, ,,Using data mining techniques to discover the
correlation between high schools finished and higher education programmes chosen by
students®, SED 2017, ISBN: 978-86-83573-90-5, Uzice 2017,

[14]M. J. Pavlovi¢, D. KneZevi¢, S. Petrovic, ,,Data visualization and exploration of student
database™, SED 2017, ISBN: 978-86-83573-90-5, Uzice 2017;

[15]D. KneZevié¢, ,3d multimedia content creation using sophisticated software*, SED 2016,
ISBN: 978-86-83573-82-0, Uzice 2016.
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1. Ilomohnn ynbenux: Mypuh Munopan, Knexesuh [lparana, Kopax no xopak kpos
aname epagpuuroe ousajua: (Corel u Photoshop), Axanemuja cTpyKOBHHX CTyaHja
3anagna Cpouja, Oncex Yixune, MCBH: 978-86-82078-20-3, 2023.

2. 'V nocrynky mramne: [lomohnu yubenuk — 30upka 3agaraka: Kuemxesnh /Iparana,
Mypuh Munopan, 36upxa 3adamaka 3a deckmon 1 anopoud aniukayuje: RPoZPamcKit
Jjesuyu C, C++ u JAVA.




Odpazay 1

H3JABA AYTOPA O OPUTHHA/THOCTH JOKTOPCKE JHCEPTAIIHJE

HsjapibyjeM ga JoKTOpcKa AMcepTalHja MO HACIOBOM:

PA3ZBOJ MOJEJIA 3A HPOHEHY MECEYHE NNOTPOLIILE EJIEKTPHYHE
EHEPI'MJE 3ACHOBAHOI' HA TEXHUKAMA MAIHTHHCKOI' YYEIBA

npeacraBjba opuUcUHAIHO AYMOPCKo desto HACTAJI0 Kao pe3ynTaTt concmsenoz

UCINPAdICUBAYKO2 paodd.

Osom Hszjasom marohe nomephyjem:

® 4 caM jeduHu aymop HaBeJeHe JOKTOPCKE AMCcepTaluje,
e ay HABEJCHO] JOKTOPCKO] AUCEPTALM|H HUCAM U3SPLUILUO/IQ HOSPedY ayTOPCKOT HUTH
JpyTor NpaBa MHTENEKTyalHe CBOjUHe APYTUX JIHLA,

V Yauxky, 8. mapT 2024. rogune,

ZRGAUN. « %feé_&/zc‘:

NOTIIHC ayTopa




Odpaszay 2

H3JABA AYTOPA O HCTOBETHOCTH IITAMIAHE H EJIEKTPOHCKE BEP3UJE
JIOKTOPCKE JHCEPTAIIHJE

M3jaBbyjeM Aa cy mTaMIaHa v eJeKTPOHCKa Bep3Hja JOKTOPCKe JUCEpTalHje 0.

HaclIOBOM:

PA3BOJ MOJIEJIA 3A [TPOLHEHY MECEYHE INOTPOLIILE EJEKTPHYHE
EHEPI'HJE 3ACHOBAHOI" HA TEXHUKAMA MAIHTMHCKOI' YUEIbA

HCTOBETHE.

V Yauky, 8. mapt 2024. roanHe,

chcw@(, | %&ééﬁ&/lf:
W

TIOTIIHC ayTopa




Oépazay 3

H3JABA AYTOPA O HCKOPHIITRABABY JOKTOPCKE /IHCEPTAIIHJE

Ja, [lparana Knexesuh,

J03B0OJbaBaM
HE J03BOJbaBaM

Yuusepsuterckoj 6nbnuoreru y Kparyjesiy 1a HauMHHU IBa TPajHa YMHOKEHA IPUMEPKA Y
eIIEKTPOHCKO] (POPMH JOKTOPCKE AMCEepTaLHje N0 HACTOBOM:

PA3BOJ MOJIEJIA 3A [TPOLHEHY MECEYHE NIOTPOUIILE EJEKTPHYHE
EHEPI'HJE 3ACHOBAHOI" HA TEXHUKAMA MAHTMHCKOI' YUEBA

U TO Y LI€IIMHH, Ka0 U Ja 110 jeflaH NPUMEPaK TAKO YMHO)KeHe JOKTOPCKE AUCEPTALHUje YUHHH
TPajHO JOCTYIHMM JaBHOCTH I1yTeM JMIMTAlHOI PEHO3HTOPHjyMa YHHUBEp3uTeTa Yy
KparyjepLy u LieHTpaIHOT PeTIO3HTOPHjyMa HaIJIeKHOT MHHHCTAPCTBA, TAKO Ja NPUIaTHHIH
JaBHOCTH MOTY HAuYHHHTH TpajHe YMHO)KeHe NpHMepKe Yy eleKTpoHcko] (opMHu HaBeaeHe

JOKTOpCKe JucepTalije MyTeM apey3umarbd.

Osom M3jaBom Takohe

v/ | moszBobaBam

HE ,E[O3]30.]'[:21]3211\«[1

NPUNaIHUIHMA JABHOCTH JIa TAKO JOCTYNHY JOKTOPCKY JUCEPTALN]y KOPUCTE MOJ YCIOBHMA
yTBphenum jenHom on cneaehux Creative Comnions JTMIEHLN:
1) AyTtopcTBO
@Ay’ropcmo - JIENIUTH MO HCTHM YCIIOBHMa
3) AyTopcTBo - 6e3 npepana

4) AyTOpPCTBO - HEKOMEPIIH]ATHO

! Vkoumko ayTop n3abepe Ja He J03BOIM IPHIAAHNLIEMA JABHOCTH 14 TAKO JOCTYIHY JAOKTOPCKY AMCEPTALI]Y KOPHCTE NOj
yenoeuma yrephenum jeanom o Creative Commens [HUEHLM, TO HE UCKJBYYYje NPABO NPUIAJHUED JABHOCTH Ja
HABEJEHY I0KIOPCKY [HCEPTALIM]Y KOPHCTE ¥ CKiaay ca oapenfama 3akoHa 0 ayTOPCKOM M CPOJIHHM IIPABHMA.




5) AyTopcTBO - HEKOMEPLH]jAIHO - AeMHTH M0 HCTHM YCIOBHMA

6) AYTOpCTBO - HEKOMEpIHjaJIHO - 6e3 npepaia’

V Yauky, 8. mapt 2024. roanHe,

gg zagaus %/422&/1&

T — ayropa

2 Monmmo ayrope Koju cy w3abpaiy 1a A03Bojle NPHIAIHMLMMA jABHOCTH 4 TAKO AOCTYIHY AOKTOPCKY AHCEPTALuy
KopHeTe 1o yenosuma yrephenum jeanom o Creative Commons NHUSHLM 14 300 KPYiKe jeHY 0 HOHYheHux nHueHn.
JlerassaH cajipiKa) HABEJEHHX JIMLIEHLIM JOCTYnaH je Ha: hitp://creativecommons.org.rs/




PASBOJ MOAEJIA SATIPOLUEHY MECEYHE MNMOTPOLUHE
ENEKTPUYHE EHEPTUJE SACHOBAHOI HA TEXHUKAMA
MALLUVHCKOT YYEHA
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