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Evyoprotisg

Apywcd, 8o MBeho vo evyapioio® tov emPAémovia KaOnynt pov Ap. Anuntpn
Zgtvolmovp tov Tunuatoc ITAnpopopikng tov Ilavemomnuiov Kompov, yo v
KkaBodnynon tov kah’ 6AN ™ SdpKeln EKTOHVNONG OVTNG TNG TTLYLOKNG EpYOsias. AOY® TV
AALOKOTOV cLVONK®OV NG TavONuUiog oty ekmTaideuon oG, TUPOVGLICTNKAY OVGKOATES.
[Mopdha VTl HECH TOV CLYVOV GLVAVINGEDV TOV ELYUUE KATAPEPOE VO TETVYOVLE TOVG
61oY0VG oV TEOMKOY. AKOUN B NBeAD VoL TOV ELYOPICTAC® Y1 TIC YVAOGELS TOV OMEKTNGO

o711 OBPKELD TNG CLVEPYACTOG LLOG.

Ba Nnbeha va SOGM £va LEYEIAO EVYOPIOTM GTNV OIKOYEVELD LLOV Y10 OAN TNV OIKOVOLLIKT Kol
YUYoAOYIKT] vTooTNPIEN oV Hov £yl dmoel kaB’ OAn ™ mopeio pov oto Ilavemotuo
Kompov. H owkoyévela pov pe otpiée oe OAEC TIC OLGKOMES €0l e TO HEYIOTO OLVATO

TPOTO Kot avTd pe forOnce va unv T TAPUTHo® TOTE.

Eniong 6o MBeha va evyapiotio® OAOVG TOVG (IAOLG HOVL €VIOC KOl €KTOG TOV

[Tavemompiov Kdmpov mov otabnioy dimAa pov Kot e vrooTPIEay.

Téhog, B MBeha va guyapiot® Tov Zotpn Kovotaviivov, d1doktopikd @ottnty tov
Epyacmpiov Xvomudtov Awyeipiong Aedopévaov oto Tunua IIAnpoeopikng Tov
[Tovemomuiov Kompov, vy ™ ocvopPoinq tov otnv vrmootpign kot kafodnynon g

TapoHGOS SUTAMUATIKNG EPYOCLOGC.
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H enide1én tov svotipatog IMCF mov meptypdgetal 6e avtiy T SImAopatiky epyacio £xst

TOPOVGLOGTEL GTO MO KATM GLVEIPLO:

*"IMCF: The IoT Meta-Control Firewall for Smart Buildings", Soteris Constantinou,
Antonis Vasileiou, Andreas Konstantinidis, Panos K. Chrysanthis, Demetrios Zeinalipour-
Yazti, 24th International Conference on Extending Database Technology (EDBT'21),
OpenProceedings.org, pp. 658--661, March 23 - March 26, 2021, Nicosia, Cyprus, 2021
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Iepiinyn

H vrepBéppavon tov mhovi givor £va yeYovog To omoio £yl avayvoploTel amd OAEG TIG
yopeg taykooua. Ta televtaio ypodvia yivovror tepdotieg tpoondfeieg omd Gha To KpATn
v peiowon o¢ Kot eEapavion avtod Tov eovopévov. H tepdotia avantuén tov Atadiktiov
TOV TPAYLATOV TV TEAEVTOIO EIKOGUETIN, £XEL ATOPEPEL EVAL KOVOVPYL0 TPOTO doryeiptong
Tov EEVTVOV GLOKEVAV o€ €vo EEVTVO KTNPLo. AVTEC Ol GUOKEVEG WUTOPOLV Vo
gvepyomomBovv Kot vo, amevepyomomBovv avaAoyd e TIC TPOTIUNOELS TOL XPNOTH, LECH
POMV OLTOHOTICHOV gpyacioc. Me otéxo Vv pelwon ™G TEPITTNG KATOVOAWOONG
NAEKTPIKNG evéPYELNg KaBDS Kat TG Lelwong ¢ ekmounng 610&ediov Tov dvBpaka, Exet
vAomomBei kKo oamotiunfel o mTAOIGLO 1KOWVOTOINONG KOVOVOV TPOTIUNCEWY € £EuTval
KTHpLo.

2V Tapovca SIMA®UATIKY epyacia £govv vAomomBOel ot akydpBpor Energy Planner ko
Green Planner, ot onoiot ypnoiponotodv PETa-KavOveg amd Evo TVoKo HETO-KAVOVMV TOV
opifovtal amd YPNOTEG TOL GLOTHUOTOC. LTOVG KOVOVEG UTOPOVV VO GUUTEPIANPOHOVV
TpoTUNoElS Yoo T Ogppokpacio Kot to eminedo QOTOS avé SACTNUO OPOG Kot Eval
TPOTIUDOUEVO OPlO0 KATAVAAW®ONG evépyelng. Bdoel avtov towv kavoévov ot alyopifuot
TPOSTOOOVV VoL dATNPNCOVV OVTEC TIC TPOTLUNCELS KOl VO OUTNPHCOVV TO TPOTIUDUEVO
Opl0  EVEPYEWNG TOL EYEL OPLOTEL OMMOVPYDOVTOG £vo. TAGVO EVEPYOTOINoMNG Kot
amgvepyomoinong twv kovovov. Emiong o adyoépiBuog Green Planner mpoomabel va
KPOTNGEL TIG EKTOUTES O10EE1dTi0V TOVv GvOpoaka 610 eAdyleTO. APOD 0ploTeEl TO TAGVO O1
alyop1Opotl cuveyilovv pe TNV EVEPYOTOINGT KO ATEVEPYOTOINOT) TV SOPOP®V GVOKEVOV
HEG® PODY AVTOUATIGHOD Y10, TNV ST PN G TOV TPOTIUGEDV TOV YPNOTH.

Ot ahyop1Bpot BAGEL TOV OTOTIUNCEMY KATAPEPAV VO LELOCOVY TNV KOTOVAANDGT) EVEPYELNG
katd 10% amd to mpotwdpevo Opro mov £yovv BEcEL Ol YPNOTEC, EVA TALTOYXPOVO
napopévouy dvetol Katd 93% otnv xepodtepn mepintmon kot 98% otnv KaADTEPN. ZVUVERMOG
ot aAyoppol mov vAoTOMOMNKAY KATAPEPAV VO EMTVXOVV TO GTOYO NG UEIMOMNG NG

KATOVOA®MONG EVEPYELNG KOl TNG EKTOUTNG pinwv Beppoknmiov.
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Kepararo 1

Ewayoy
1.1 TTOPOKIVIION ceerurrirrnrissnressnncsssnncssssncssssssssssssssssssssssssssssssssssssssssssssssossnsssssnssossssssses 1
1.2 TIPOPIMYLO cevvrernnercsneicssnnssssanessansssssnsssssssssssssssasssssasssssassssssssssssssssssssssnsssssnsssssnsssses 2
1.3 ZUVELGPOPQarererrreressrnrcsssnscssanssssanssssasssssassssssssssssssssasssssasssssassssssssssssssssssssssssssssassssss 2
1.4 TIEPTYPULLILOL EPYOOUUG .ceuereruressercsrressrrcsaresssnssseessssossssssssssssessssssssssssssssssssssssassssssns 3

1.1 Hopakivnon

H moykdoma vrepBéppovon tov mloavitn eivon éva mAéov yvmoTd @OVOUEVO KATH TO
omoio mpoPAémovian O1PopPeES TUYKOGUIEG KATACTPOPES €AV OEV LITAPEEL KAmolo AHOM.
Evtuydg €00 kot kKamowa ypdvia vpEe kivntonoinon and 6Aa ta £€6vn yio AVom avtov

0V GoPapol TPOPANLATOG.

To 2016 pe to ovuewvo “Paris Agreement” [1] to omoio gival po vopkd SEGUEVTIKT
debvnc cuvnkn Yo v aAlayn tov KAMpotog, 1€nke og kivnon. Ltdyog Tov ivat va
pewwoel v avénomn g o Ayotepo amod 2 Babuovg Keioiov. I va emtvyovv avtdv
TOV HOKPOTTPOBeso otoY0 Oeppokpaciag, Ol YOPEG GTOXEVOLV OTINV EMITELEN TNG
TOYKOG LG KOPLOTG TOV EKTOUT®V aepiwv Beproknmiov 10 GLVTOUOTEPO SVVATO Y10 VO
EMTOHYOLV EVOV KAUOTIKO OVOETEPO KOCLO MG TAL HLEGO TOV OldVO. AVTH 1| CLUEOVi
amoteLel OPOGNO TNG TOAVUEPOVS JAOIKAGIOG OAAOYNG TOL KAILATOG, S1OTL Y10 TPAMTN
@Oopd decpebOVTAL LE Lot GLUEMVIOL OAO T €6V, Y1 TNV KOTATOAEUNON TG KALOTIKTG
aAlayns. T v ektéheon ovTNG ™S CLUEMOVING OTOLTOVVTOL OIKOVOLUKEG KOl

KOW®VIKES OAAALYEC.



H evponaixn évoon pe 1o “Green deal” [2] otoyevet uéypt 1o 2050 va givar n Tpmt
nmepoc mwov dev Ba £xel pimovg aepimv Tov Beppoknmiov. ['a va to meTHEL ALTO 06ONKE
éva oy£010 OpaonS Katd To omoio Ba eViIoYLOEL 1] ATOTELEGUATIKT XPTOT| TOV TOPWOV Yol
petéPfoaon oe pio kabapn Kol KUKAIKN owovopio, Kofdg Kol 1 omoKATAGTOCN TNG

BromouciAdTog pe peimon g pouTaveng.

O dwyoviopog pe ovopa “Saves” [3], etvar évag doymviopdg mov mparypotonotonke
Katd to axodnuoikd €t 2014/15 wor 2015/16, otov omoiov ot @ortntéc/Tpieg
mopokvnOnkay vo. €£0IKOVOUNGOVV EVEPYELD. OMNUIOVPYDVTAS Evay ay®vo, HeTalDd
KOUTOV®OV, OTOL avtoymvilovtay omnv €E0IKOVOUNGCT NG TEPICCOTEPNG EVEPYELNG.
210Y0G ALTOV TOV £PYOL NTAV 1) EYKATAGTACT] GLVNOELDV EEOTKOVOUNONG EVEPYELNG GTOVG
pantég o o Pacikn oty aAloyng ot (o1 Toug, OCTE VO LTopovV VO GUVEYXIGOLV

TIG EVEPYELEC EE0TKOVOUNGONG EVEPYELOG KOO OAN TN S1APKELD TNG WOIWTIKTG TOVG {ONC.

Me éumvevon TG mopamdve KIVITOTOWGELS KO [LE GKOTO TNV €E0IKOVOUNOT| EVEPYELNG
Kot TV peloon Tov pinov Tov 910&e1d3iov Tov AvOpaKe, GUVTAYTNKE 1) 0KOAOVON ATOLIKTY

OUMAOUOTIKN EPYOCiaL.

1.2 Mpépinpa

Ta onuepwvd ovothuoato dloyelplong €vEPYEWNS OTOV YMOPO TOL OLAOIKTVOV TWV
mpaypudtov givor moAd avemtvypéva. o mapddertypo  vmapyovv  duVOTOTNTEG
TPOYPOUUUOTIGULOD  EVEPYOTOINONG KOl OMEVEPYOMOINONG T®V  OPOp®v  EEVTVEOV
GLGKELMV G€ OAPOPEG DPES TNG NMUEPOS 1| AVAAOYOL e TOV KaAlpO. AVOTUYDS OUMG dEV
vdpyer dvvotdTNTO G€ Kavéva cOOTNUO dloeiplong ocvokevdv o€ €va EEumvo
epBAAAOV, KATA TNV 0moia. Lropovv va TeBovv Kot va Tpnoovv pakpoypoviol 6tdyol

eEokovounong evEPYELOC.

1.3 Zvveicpopd

To IMkaicwo Extéreong Kavovov Ipotiunoemv yuo éEumva ktipla gival Eva Kavotopo
GUGTNUO TO OTOI0 GTOYEVEL VO KOADYEL TO KEVO TOL YXEPOKIVIITOL GLVIOVIGULOD POodV
AVTOMOTIGHOV Kovovev RAW yia v emitevén 1ov otdymv KatavaAmong evéPyELOg.

Apywcd o ypnog N pia opada yxpnotav kabopilel Eva S1dvocuo podV OVTOUATICHOD



Kavoévev o€ va Tivakao HETa-Kavovav mov ovoudletor Meta-Rule-Table (MRT) kot gvog
TPoPiL Katovalwong evépyetog Tov ovopdaletor ECP. Ztoyog tov eivar va mpocdiopiotet
petald ohmv tov kavovov MRT eketvov mov npénet va amoppipBovv, dGTE 0 YPNOTNG
vo Topapeivel evidg Tov EMOBLUNTOL EVEPYELONKOD TPOVTOAOYIGHOD GUUP®VO HE TO
otopikd tov ECP. Zvykekpéva 10 cvotua ypnoiponotel tov adydépiBuo Energy
Planner (EP) climbing ot tov alyopiBuo Green Planner (GP), o omoiot &ivon
EUTVELGUEVOG aO alyop1Oovg TexvNnTNG vonuoovvng o0rtwg hill climbing ko simulated
annealing avtictoyya. O aiyopBuog mepvé mdve otov peydro yopo avalnmmong N-
cuvovaou®v 6mov to N glval T0 GUVOAO T®V KOVOVAOV, 0mTodidovTag YPIYopo TOLG
KavOVEG IOV TTPETEL Vo amopprpBoiv yia va emitevyBel o o1d)0g TOoL Yprotn. To mhaicilo
TPOGAPUOLEL TIG POEC AVTOUATIGHOV LE TETO0 TPOTO MGTE VAL UnVv EpYoviol o€ avtifeon
LE TOVG HOKPOTPOBEGLOVG GTOYOVG TOV YPNOTAV, ATOPPITTOVTAG OPIGUEVOVS KAVOVES
Baoel TpoTEPAOTNTOC TPOTIUNCEDV. ZNUOVTIKO VO ovapepBel OTL 01 POEG AVTOUATIGHOD
Kavovav dlakpivovtor oe 000 katnyopieg dveong kot avaykoudtroc. Ot Kavoveg
gvkoMag otoyehovy otV TPo®ON oM TS PLOIKNG dveomg evOg aToOUOoVL T.Y. Oeplrokpacio
dopatiov, potiopds tepPariovtog 1| 0, Tt Bempeitor TPOSWPIVY AVEST], EVA 01 KOVOVES
avaykaldtnTog ival ekelvol ol KOVOVEG TOL TPEMEL TAVTO VO, EKTEAOVVTOL aveEapTNTa

ol TO €6V EMTLYYAVETAL O LOKPOTTPOOEGLOC GTOYOG.

1.4 llepiypappo epyaciog

H mopovoa ouwmAopotiky epyocio oamoteleite amd €ptd Kepdiowo. Avtd eivor m
«Eoayoyn», 1 «Zxetikn AovAeld», 11 «ApYITEKTOVIKNY», TO «YAomoinon AlyopiOumvy,
10 «Alenapés Awmpocwoneiocy, n «Ilepapatiky MebBodoroyio & Amotipnon» ko ta

«ZOUTEPACLOTO.

Xe auTd 10 KEPAAoo avapEépOnkay ot Adyotl mov ®ONGaV TV VAOTOINGN TOV TANIGIOV
EKTEAEON G KOVOVOV TTPOTIUNCE®Y o€ £Eumva kThpro. Emiong, avagépbnke n cuvelspopd

OV TTPOGPEPEL TO TAAIGLO QVTO.

210 deVTEPO KEPAANLO aKOAOVOEL TEPLYPAPT] GYETIKMOV OOVAELDV TOL £XOLV YivEL GTO
edlo evaoyOANoNg TG epyociog aTAS, TOV PODV OVTOUATIGHOD EAEYYOL Kol TMOV

aAyopiBumv otovg omoiovg Paciletot 1 vAoToino.



210 1pito KePAAOO OlveTol o AEMTOUEPELS TEPLYPOPN TNG OPYLITEKTOVIKNG TOL
GLUOTNHOTOG O6TO Omoio €xel avamtuyfel To MAMiclo pog, To OedOUEVO E1GOO0V TOV

GLGTNLATOG KOt 01 0AYOp1OLOoL 01 0Toiot avarTOYONKAV.

210 TETOPTO KEPAAOLO OIVETOL W0 AETTOUEPEIC TEPLYPOP] TNG VLAOTOINONG TWV
alyopiBumv tov mAaiciov, n omoio mepthapPaver tovg aiyopiduovg Energy Planner,

Green Planner, no-Rule, Meta-Rule kot IFTTT.

210 TEUMTO KEPAANLO TTEPLYPAPETAL 1) YPOPIKT OATPOCHOTEIR TOL TAGIOV, GTO 0MOi0
umopel £vag ¥pnong va O€l Ta. amoteAéspata Tov aAyopiBuov Energy Planner v Green

Planner avaAdymg, KaBdhg Kot vo TpocBEcel 1] v apatpEGEL KAVOVEG,.

210 éKTO KEPAALO TTEPLYPAPETAL 1| LEBOSOAOYiN TOV YpNGIHOTOONKE Y100 TNV EKTEAEGT
TOV SIQPOPOV TEPOUATOV. ZVYKEKPIUEVA TTEPLYpapeTat TO testbed 010 omoio Eywvav Ta
TEPALATO, Ol LETPIKES TTOV YPNGLOTO|ONKAV Kot ot adyoptBpol mov a&loloynonkav.
Eniong meprypagetan n a&loAdynon g amdo0oms Kot To GUUTEPAC AT, TOV ByRKay amd

TNV TEPAUOTIKY ATOTIUN o).

Téhog, 670 £BOOIO KEPAANLO OVOPEPOVTOL TO, YEVIKA GCUUTEPAGLOTO TTOV TPOKVTTOLV OO
™V TapoVcH SIMAMUOTIKNY epyacio, OTmMg kot mapddeon Kdmolwv mbovov HEAAOVTIKOV

EPYOCLAOV Y10 TEPETUIP® OVATTVEN TOV TAALGIOV.
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Ye avtd 10 KEPAAMO0 Bo dovue €V GLVIOMIOL OLAPOPES TEXVOAOYiEG Ol OTOiEC
PN OLOTOOVVTOL GHIHEPO Yo TV dtayeipion EEVTVEOV GLGKEVOV KOOMDS Kot TIG AVTAOV
TOV CLUOTNUATOV HE TO GUOTNUO TOV OVOTTUXONKE €VTOG GLTAG TNG OUTAMUATIKNG

gpyaciog.



2.1 'E&vava cvotipota dtayeipiong evépysrog

H v06étmon tov 010d1ktoov TV Tpaypdtov To TEAELTOdO YpOvVia E£Qepe  €va
aval®OYOVNUEVO EVOLOPEPOV Y10 TN OlaXElplon OE0OUEVOV Kol TIG ADGEIS UNYOVIKNG
OedOUEVMV, TIC OPYITEKTOVIKES KOU TIG E€QOPUOYEC WE EUQOCT OTNV AmoppOPNOM
OEJOUEVMV, OVOAVTIKES OPYITEKTOVIKEG Y10 poN] OE00UEVAOV KABMG KO GYETIKT GUYKPLTIKT

a&loroynon. Kamoteg Aoeig avapépovion mapokito.

2.1.1 Awayerprlopevn oKLoK EVEPYELD. NE PMOTOPOATATKE

Ot eleyktég Sunny Home Manager [4] and v SMA eival cuvdedepévor pe Oheg Tig
GLOKEVEG TOV GTLTI00. MTTOpovV va, S1oyPIGTOVY TV KATOVIANDGT NAEKTPIKOD PELLLOTOG
amd TIC GLOKEVEG KO VO YPTCLUOTOU|COVV TNV TOPOYOUEVT] NAEKTPIKT EVEPYELDL OO TOL
QOTOROATATKA. ZVYKEKPYEVA TOPAKOAOVLOOVV TIG POEG 1GYVOGC, O1AITEPA TNV TAPAYMOYT
woyvog AC amd tovg petatpomeig Kot v Katavdiwon 1oyvog AC amd To VOIKoKupld
(Kotaypaeetol amd Evay LETPNTY EVEPYELNG). TN GLVEXEWD, dtayelpileTal avaAoyo TOVG
QOPTOVG €PYOCIOG KATOVAAW®ONG 10YVOC (.. TOTE TPEMEL Vo, AETOVPYEL TAVVTIPLO
poLY®V N 0 £EVTVOG POPTIGTNS CVTOKIVITOV, £TGL OGTE 1 AVTOKATOVAAWMGT MALKNG
evépyelog vao PeAtiotomoteitan). Ot eleyktég SAM  ypnoiponoohv TOo  OVOIKTO
TPOTOKOALO amANg dwoyeipiong evépyetog (SEMP) [5] 1) to EEBUS mov avagépetar ot

GLVEYELO.



SUNMY HOME MAMNAGER 2.0 E
S o] Router Garteway

Field bus Contrallable Devices

LAN

LAN

Confrollable device
{= Gateway|

2ynua 2.1 Sunny Home Manager Schema [4]

2.1.2"E&vunvor Ogppootarteg

‘Eva kado mapdderypa éEvmvou Begpuootdrn, gival o Beppootdrng skuddnong Google
Nest [6], eivor £vag mpoypoppotilOHeEVOS Kal avTodidaKTog OEpHOGTATNG He dOLVATOTNTO
Wi-Fi mov Beltictomotel v WyHén xon ) 0éppavon ya eEoucovounon evépyetag. Eniong
UTopel va E100TOMNGEL LE NAEKTPOVIKO UNVULLOL 0V EVTOTGEL TMG XPEELETOL TEPIGGATEPO

xPOVO amd TOV Kavovikd yio TV B€ppoven 1 yoén Tov GrLTiov.

2ymua 2.2 Eévorvos Oegpuoatotns tomov Nest [6]



2.1.3 'E€unveg mpileg pe mapakorov0non evépyerog

On pileg Tomov “Kasa Smart WiFi Plug Slim with Energy Monitoring” [7] ¢ etoupiog
tp-link umopovv va gvepyomomBodv amd epopproyn 6to Kvntd, HTopovv va tpocstedovv
TPOYPAULOTO EVEPYOTOINGNG KO ATEVEPYOTOINONG KAl [LE TNV EPUPLOYT| GTO KIVI|TO GOV
delyvel TNV KOTAVAA®GOT EVEPYELNG TTOV £XO0VV E0OEYEL 01 GLGKEVES TTOL EIVOL GUVIEUEVEG

pécm térolwv Tplav.

2mua 2.3 Ecorvy mpilo [7]

2.1.4 Xroipa tpotokoriov EEBUS

H o10iBo npwtokdéiiov EEBUS [8] ypnoponoteitan 6to Awdiktvo tov mpaypdtov yio
TNV EMKOWVOVIK LETOED KOTAVIAMTOV NAEKTPIKNG EVEPYELNG, TAPOYWYDV, ATOINKOV Ko
SwyeploTik®v oviottev. H covita mpwtokdliov Paciletor kot avanticoeTon Tave
and TO VPIOTAUEVO TPOTOKOAAO Ol00IKTUOV, €lvol eE0PETIKE YEVIKO, WTOopel va
epapuootel petalhd oe Topeic kot efvat avorytd kol dwpedv 61o Kowvd. O KipLog Topéns
EPOPLOYNG TOV TPOTOKOALOVL €lvar 1 dlayeipion dpmg {NTnong evépyElog, 1 OVTOAAOY™
OedoUEVOV Kol 0 EAEYYOG TMV GLOKELMOV, OUMG UTOPEL VO EPOPLOCTEL Yo OIKIOKO

OLTOUOTIGUO.

H oapyrtextovikr; tov EEBUS Boociletar oto apyitektovikd poviého SGAM. Zto

Topokato oynuo eaivetal n otoifa EEBUS.
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2ynua 2.4 EEBUS stack [9]

2.2 Poég avtopatiopov gpyociog (RAW)

Ov poég epyociog [10] emTpémovv TV OLTOHOTIGUO GLYKEKPUEVOV KOOMUEPVAOV
EPYOCLAOV, MOTE VO UNV Yivovtot yeypokivnta. Mo pon epyaciog (kovovag avTopatiopon)
opileton amd kavoveg mopododTnong (mote Bo Eekivinoel o Kavovag), cvvOnkes (to
KPLTNPLOL AVTIGTOLYIGNG Y10l L0l EVTOAN) KOt EVEPYELES (TL EQaPUOLETOAL GE L0 EVTOAT TOV

Toptalel pe Toug KaBopiopéVoug KOVOVES ETIKETAG).

2 N

‘Eva mapdaderypo powdv epyaciag eivan o1 "Kavoveg amootodng". Ot Kavoves 0mocToANG
EMTPEMOVY TNV OVTIOTOLYIOL LETAPOPED, TN LEBOSO OMOGTOANG Kot TOV TOTO TOKETOV LE

Baon v avtictoym xdpo Kot ToATEa.
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2mua 2.5 Hopaoetyua pong avtouotiouod epyaciog [11]

Ot poég avtopatiopot epyaciog (RAW) [11], ekteivovtor amd amdég INAMOELS £wg
OLOOIKOOTIKEG POEG EPYAGING LE GTOYO TN CUAANYN VOGS EELTTVOL AYWYOL EVEPYOTOINGTG

o€ gpyoreian TOV EAEYYOVV TIG SLAPOPES EEVTTVEC GLOKEVEC.

221 IFTTT o€ mpoypatikod ypoévo

To RT-IFTTT [12], eivor po YADGGO O1001KTVOV TOV TPAYUAT®V OTOL KOTA TNV
EQOPLOYN TNG, YPNOWOTOEL EVKOUTTO SIUCTHHOTA OViYVELONS GO TPV GLVONKOV
gvepyomoinong oe mpaypatikd ypovo. H yhwosca RTIFTTT emexteivel v vdpyovoa
oovtaén IFTTT ko emtpénet oTovg ypnoteg vo Kabopicovy TeEPLOPIGUOVS GE TPOLYLOTIKO

YPOVO Y10 TOL TIC EEVTTVEG GLGKEVEG TOVG,.

2.2.2 Mé0ooor avalntnong pe evuépmon RAW

Ot péBodot RAW [11] yapaxtnpilovtar yevikd omd €évo Pondntikd mpdypappo ot

GOPMOON TOL YMOPOL AVGEMV Yoo TNV EmTELEN TOL ©TOYOL. AvTtoi o1 aAydpBuol

10



YPNOUOTOOVV KATOwo €100G cuvdptnong a&loldynone mov asoroyel Aavlacupéva

KAmolo 0mdGTOOT TNG TPEXOVCAS ADONG Ao VAV GTOYO.

2.3 ’EEvztvn evepyomoinon

Ot gvepyomomtég [13] elvor unyavikég GUGKEVES TOV EMITPEMOVV TNV EQPAPLOYT LG
GLYKEKPIUEVNG Kivnong N dOvaung éupeca o€ €va Tpoiov 1 pia dtodkosio, Kot oyt
yepokivnta. O éleyxog TtV gvepyomomt®dV pmopel yepokivnta 1M pe m Pondewa
Aoyiopkov 1 pEc® amd demapég e Eva VToAoYeT. Ot gvepyonomTég Tov PTopodv va
TPOYPOUUUOTIOTOVV gival Yvootol ¢ «E&umvoy evepyomomtés. Avo cuvnbelg tomot
EVEPYOTTOMTOV TEPIAAUPAVOLY TN YPOUUIKT 1 TV €VO&ia Kivnom Kot TNV TEPIGTPOPIKN

N TV KUKAIKY| kivnon.
Ta 0@éAn [14] ypnong EEuTvev evepyomomT®V TEPIAaUPivouy:

o AvEnpévn amodoTIKOTNTO KOl TOPAYOYIKOTNTA.

o Beltiopéves d1oyvmoTikég SuvaTOTNTESG KO SLVATOTNTO EAEYYOV.
o Awyodtepa eEaptnpata Kot Ayotepn KoOA®IImon.

e  Eloyiotomompévn moAvTAOKOTNTA KOl EDKOAOTEPT EYKATAGTAOT).
o  Melwpévo KOGTOG DAIKOD KOt AOYIGLKOV.

o  Meiwpévog xpdvog ko BEpog avATTUENS UNYOVOV.

e Beltiopévn Ae1tovpytkdTNTo Kot ardd0cT) TOU Uy OV LLOTOG.

11



2ymua 2.6 Ecomvog evepyomointng mepiotpopixns kivons [14]

2.4 Avo@opéc EVTVOV GUGTNUATOV PE TO GVOTNRA TOV AVOTTOYONKE

Ta mapoamdve EEVTvo GUGTAIATO JLOYEIPIONG EVEPYELNG XPNOULOTOOVY TPOTOKOALN TO
omoia elval TpocavatoAlcpéva Yo TNV dlayeipion eoptiov péoa o EEumva KTNpLa, Yopig
OLMG VoL BETOVY HOKPOYPOVIONG GTOYOVG KOTAVAA®OTG eVEPYELOG. AvtiBeta 1 vAoToinoT
TV adyopiOumv Energy Planner kou Green Planner mov avagépoviotr 6to ke@daioto 4,
YPNOOTOLOVV KAVOVEG TTOL BETOVTOL OO TOVG YPNOTES Y10 EMITEVEN HAKPOTPODEGLOV

GTOYOV KUTAVAAWDGCNG EVEPYELUG.

2.5 Awayeipron Sitnong evépyerog

H dwyeipion (nong evépyetog [15], yvoot) ko g dwyeipion amd mievpdg {tnong
(DSM) 1} amokpion and mievpds (nnomng (DSR), eivar n tpomomoinon g {ftnong
EVEPYELOG Y10 TOVG KATAVOAMTEG LEGH SLOPOPMOV HEBOI®V, OTIMG OTKOVOLILKA KIv|TPa. Kol

OAAOYY] GUUTTEPLPOPAS LEGM TNG EKTOLOELONG,.

2uvning otdyog g oayxeipiong Rmong elval va evBappvvel TOV KOTOVOAWOT Vol

YPTOCLOTOLEL AyOTEPT EVEPYELD KATA TIG MPEG OLYUNG 1) VO LETAPEPEL TOV XPOVO YPNONG

12



EVEPYEWNG GE MPEG EKTOG OrYUNG, OT®S TN vOyta kot o coPPatoxvplaxa. H péyiom
owyeipton g (TNong dev HELMVEL OOPOATITO TN GUVOALKY] KOTOVAAW®GCT EVEPYELNG,
OALQ OVOUEVETOL VO LELOGEL TNV OVAYKT] Y10 EXEVOVCELS o€ dikTva 1) / Kot otafpovg

TOPOYWYNG EVEPYELNG Y10 TV KAALYN TOV OLYLDV.

Me 1o cvoTe TOL aVATTUYONKE €L TOVG GKOTOVE TNG OTOMKNG SUTAMUOTIKNG EPYACTOG
0 otdy0g G Oayeipiong {Nong, yivetal mo €PIKTOC SOTL PEIDVETOL YEVIKOTEPO 1)

Katovilmon evepyeiag.

Types of DSM

Energy efficiency
Demand response
Dynamic demand

Distributed Energy Resources

[Tivaxag 2.1 Toror Awayeipiong Evépyeiog [15]

2.6 AhyoprOpor

X auT TNV VTOEVOTNTA ava(PEPOVTAL Ol aAyOplOuol otovg omoiovg Pacilovion ot
aAiyopiBpot Energy Planner kot Green Planner mov viomom|Onkayv 6t mAaicto avTng g

OUTA®UOTIKNG EPYOCiOG.

2.6.1 Local Search

H tomuc avalnmon [16] etvon por gvpetikny pé€Bodog yio v emiAvcn VITOAOYIGTIKOV
okinpov mpoPinudtov Peitiotonoinong. H  tomikny  oavalitmon  pmopel  va
ypnowonomBet oe mpoPfAnuata mov pmopovv vo dwtvmmbodv g eEgbpeon AVOMNG
LEYIOTOTOLOVTOG Vo KPLtnplo HETalh oplopévev vroyneiov Avcewv. Ot tomukol
alyopifpotl avalntnong HETOKIVOOVTaL amd ADGN GE AVOTN GTO YMPO TMOV LIOYNPI®V
Moewv (0 ydpog avalnmmong) epaprofovtog Tomkég aAlayés, £og dtov Bpedel o Adon

nov Bewpeiton BEATIOT N €xEl TaPEADEL Eva Ypovikd OPlo.

13



Ta mepiocoTEp TPOPANHOTA HITOPOLV Vo dtortv®hoHV amd droyn ydpov avalnTnong
Kol 0TOY0L UE O1dpopovs Tpomove. [Ma mapdoetypa, yio To TPOPANUA TOV TOANTY| TOL
tagoevet, o Abon pmopet va gtvor £vag KHKAOG Kol TO KPLTHPLo TG LEYIGTOTOINGNG £ivat

évag ouvovac o Tov aptBpoD TV KOUPMV Kot TNG S1GPKELNS TOV KUKAOL.

2.6.2 AkyoprOpor Hill Climbing

Hill climbing [17] eivon pio podnpotikn pébodog Peitioong m omoio avrkel oTnv
Katnyopio. TV TOMKAOV avalnmoewv mov avagépbnkav mo mave. Eivor évag
EMOVOANTTIKOG 0AYOp1OHOC 0 omoiog apyilel pe pa apyikn Avorm ko o€ tpoomadei vo
Bpet o kaAdtepn Ao Kavovtog pia ovéENTikn aAlayn oty opyikn Avor. O adyodpOpog

ocuveyiletl vo TpocBEtel ahdayég LEYPL VoL UV VILAPYOLY GAAES AVENTIKES OAAAYEC.

I'evikd o1 teyvikég Tomov Hill climbing eivan moAd kaAég oe KupTd TPOofALoTa To OTToia!
€xovv éva pEYLoTo, dNANON HOVO o KOADTEPT AVOT. X& TPOPANUOTA TOL LITAPYOVV
TOTIKA HEYIOTA O 0AYOP1OpOG dev Ba Bpet amapaitnTa Mg KaAvTEPT AVOT) TO OAKO HEYIOTO
aALG gtvor oA TBavOv va Bpet éva avtd ©g kKoAvtepn Avon. ['a v Abon avtod Tov
TPOPANUATOG YPNOUOTOIOVVTOL KATOIEG TEXVIKEG OTMC EMOVEKKIVIOELS Kot simulated

annealing.

A “+)' %) +2e ((x-1.7)° +(y-1. 7)°)

fix.y)=¢

2mua 2.7 Empaveio ue 2 tomikd uéyioro [17]
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‘Eva mapaderypa yprong eivatl oto mpoPAnua tov tAavodiov mtointy [18]. O alyopiBpog
Eexvavtag amd po pun PEATIOTN AVOT Kol KAVEL IKPEG PEATIOOELS 0 OVTNH, OTWG N
aAAOYT TNG GEPAG LLE TNV OTTOL0L EMCKENTOVTOL OV0 TOAELS Kot TEAKE piaL TOAD pukpdTeEpT

dwadpoun etvon mBavo vo emtevydet.

AlyopBpog Simple Hill Climbing [19]:

Brjuo 1: A&woioynote v apylkn kKoTdotoon, €dv eival Katdotoon otdyov, TOTE

EMOTPEYTE TNV EMTUYIO KO GTALATNOTE.

Brjua 2: Bpoyog puéyxpt va PBpebei Adom 1) dev vmapyel vEOG YEPIOTNG Yo VoL VTTOPAAEL

aitnon.

Brua 3: EmiAééte ko epapuoote Evay TEAEGTY| GTNV TPEYOLGO KATAGTAOT).
Brjua 4: "Eleyyog véag katdotaong:

Ed&v etvan katdotaon 6tOY0v, EXIGTPEYTE TNV EMLTVUYIO KOL GTAUOTIOTE.

Awpopetikd, €dv eivar KOAOTEPT Ad TNV TPEYOLGO KOTAGTACN, TOTE EKYMPNOTE VEN

KOTAGTOOT MG TPEXOVCO KATAGTOON.
AlpopeTiKd, av Oyl KAADTEPA AT TNV TPEYOVGA KATAGTOOT), EMGTPEYTE GTO Prina 2.

Brua 5: "E€odog.

210V mivoka TopakdTo avaeépovtotl 01dpopeg Taporiiayég Tov adyopiBuov hill climbing.

Hoapariayég e Me@6oov Hill Climbing

Simple hill climbing
Stochastic hill climbing
Steepest ascent hill climbing

Random-restart hill climbing

Iivakog 2.2 Haopoltiayés Hill Climbing [17]
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2.6.3 Simulated Annealing

H mpocopoiwpévn avémmon [20] (SA) eivar pio mBovoloyikn TEYVIKA Yo TV
TPOGEYYIGN TOV OMKOV PBEATIGTOV OYKOL HOG OEOOUEVNG AEITOVPYING. ZVYKEKPIUEVAL,
elvol Lo LETOEVPLOTIKY) TPOCEYYIOT] TNG OAKNG PEATIOTOTOINGNG OE €val LEYOAO YMDPO
avalnmong yio éva TpoPAnua BeAtiotonoinong. Xpnoonoteital cuyva 0TavV 0 YDOPOG

avalnmong eivat d10kp1tog (.., T0 TPOPANLA TOL TAAVOSIOV TOANTY).

To dvoua Tov akyopiBuov mpoépyetat amd TV avOTITNON OTN LETAAAOVPYIM, L0 TEXVIKN
mov mepthopPdaver BEppavon kot eAeyyopevn Yo&n €vog LVAIKOL Yo TV avENcT Tov
HEYEBOLG TV KPLGTAAL®Y TOL Kot TN pelmon TV EAaTtopdToVv Toug. H mpocopotopévn
avomtmon umopel vo ypnotpomombel yio moAd oxkAnpd mPoPANUOTE VTOAOYIGTIKNG
BeAtiotomoinong 6mov ot axpiPeig aryopBuol amotvyydvovy, mapdAo mov cuvhHBwWg
EMTLYYAVEL P10 KOTA TPOGEYYIOT) AVOT| GTO EAGYIGTO GE TOYKOGL0 €Minedo, Oa pmopovce

va glvat 0pKeT Y10 TOAAL TPOUKTIKA TpOoPALaTa.

Ta mpoPAnpata wov emidvovrol amd v SA datvtdvovtol €ni Tov TAPOVTOG Amd o
OVTIKEYLEVIKY] GUVAPTNON TOAADV UETAPANTOV, TOL VTOKEWTOL GE O16POPOVG
TEPOPIOUOVE. XNV TPaln, o meplopiopds pmopel va tpopndel ®g HEPOG G

OVTIKELEVIKTG AELTOVPYING.

Ye k00e Ppa, n SA evpetikn e€etdlel KATONL YEITOVIKT KOTAGTAOT S* TNG TPEYOVCOG
Katdotoong kol amogacilel mbavdg petald g Hetakiviong Tov GLUGTAUOTOS GTHV
KOTAoTOoN S* M TNG TOPAUOVIG GTNV KATAGTACT. AVTEG 01 TOAVOTNTEG 0ONYOVV TEAMKA
TO GUGTNHA Vo HeTaKIVNOEL 08 KOTAGTAGELS YOUNAOTEPNG EVEPYELNG. XVVNO®E avTd TO
frua eravoAapPaveTol £mg OTOL TO GUCTNA PTACEL GE L0 KATAGTOGT OV EIvat apKeTd
KOA yuoo TNV €Qoppoyn M €mg 0tov eSavtindel évog dedopévog mPOVTOAOYIoUOG

VTOAOYIGLOV.

H Beltiotomoinon wog Avong meptlopfdver v afloAdynon Ttov YETOVOV oG
KOTAGTOONS TOV TPOPANLUATOC, Ol OTOiES Eivol VEEG KOTAGTAGELS TOL TOPAYOVTIOL LECH
NG CLVINPNTIKNG CALAYNG pag OedopévNg Katdotaons. [ mapaderypa, 6to TpdfAnUa
TOL TAOVOO10V TOANTN KAOe KpdTog opileTtor cuVNOME O TAPUAAAYT) TOV TOAE®V TPOG

emiokeyn, Kot ot yeitoveg omotacdnTote mToAteiag eivol To GHVOAO TV TOPUALAYDV TOV
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TopdyovTal (e TNV avToAloyn 000 amd avtég Tig ToAeS. O KaAd kabopiopuévog Tpdmog e
TOV 0Toi0 01 KOTAoTAGES OAAALOLV Yl VO TTAPAYOLV YEITOVIKA KPATn ovopaletot
«Kkivnon» Kot SlPOPETIKES KIVIOELS OTVOUV JAPOPETIKG GVUVOLD YELTOVIKAOV KPOTOV.
AVTéQ o1 Kiviioglg ouVNBmG 001 YOUV GE EAGYIOTEG OALOYEG TNG TEAEVTOLOG KATAGTAOTG,
o€ (o Tpoonddela PeAtioong oTadlaKd TG AVoNG HEC® TG ETAVOANTTIKNG PeAtimong

TOV TUNUATOV TG (OTTMG 01 GLVOESELS TOAEWV 6TO TPOPAN LA TOV TAELOIDTN TOANTY).

[Ipokepévou va e@apooTel 1 TPOCOUOI®UEVT] HEBOOOG OVOTTTNONG GE £VO GUYKEKPLULEVO
TPOPANUQ, TPETEL VO TPOGIOPIGTOVY 01 KOAOVOEG TAPAETPOL: O YDPOG KATAGTAGNGS, 1|
evépyewn (otdyog) cvvaptnon E (), n vmoymoea dadikacio yevvitplog yeitovag (), n
cuvaptnon mhovotntog arodoyns P (), kot Beppoxpacio mpoypapplaticon ovomtnong
() ko apykn Beppokpacio. Avtég ot EMAOYEC UTOPOVV VO £XOVV GNUOVTIKO OVTIKTLTTO

OTNV OMOTEAEGLOATIKOTN T TG HEBOSOVL.
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Kepdioro 3

APYLTEKTOVIKN
3.1 TomKOG EAELYKTNG (LiC) courrrerrnricsnricsnncssnecssnnncssssncssssscssssessssesssssessssssssssssssssssses 18
3.2 To GUOTNHO IIMCF ...uuuouueiiinniinnnencnsnnicssnicsssnssssssssssassssssssssssssssssssssssssssssssssssssses 19
3.3 AEOOPEVO ELEOOOV cueierrericssaressarssssassssssssssasssssssssssasssssasssssassssssssssssssssssssssnsssssssssses 20
3.4 O alyOPLOROG IMCF ....uuineiieinennccninnensnecnessesssecsanssncsssssasssesssessasssasssssssessasae 21
3.4.1 Zy€d10 OOOPECTNG (AP) e 22
3.4.2 Apyrtektovikn adyopiBpov evepyelokod oyediov (EP) ..oeevvvveviiceiiiee, 24
3.4.3 Apyrtextovikn adyopiBuov Green Planner (GP) .....ooovvveeviiiiiiiiciiiiieee, 26
3.5 O POOUKES TPOGEYYIOELG . eereeeesreesaecsuessecssessasssesssessaessaessnssasssasssessassssesssssasssassae 28
3.5.1 Baowr| mpocéyyion xpig KOVOVES (NR) ...oovviiiiiiiiiiiiiiieeeeeee e, 29
3.5.2 Baow| mpocéyyion pe xpnon OAwv Tov uEto-Kavoveoyv (MR) ..., 29

& aVTO TO KEPAANL0 avOAVETOL 1) apyLTEKTOVIKN TOV cuatipatog IMCF mov vAomom ke
t0 omoio amotereital and 2 Pacwkd cvotatikd Tov Tomkd gdeykt (LC) ko to IMCF
ovotatikd. Emiong avaAvovtal kot o 0e00UEVA IGO0V TOV YPNGUYLOTOOVVTOL AT TO

CVOTOTIKA.

3.1 Tomkog Eleyktiic (LC)

O 1omiKdg eAEYKTG €Vl AVETTVYUEVOG OTNV YADGGA TPOYPOUUaTIGHoL JAVA Ko givan
OYEOLUGEVOC Y10 EYKATAGTOCT G L0 LKPOGVOKELT O™ To raspberry Pi, o omoiog Ha

péxel oto Tomkd diktvo ToL YpNotn. O TOMKOC eleyknNg PpiokeTor oe dpeom

18



EMKOVOVI UE TIG GVGKEVES TOV SLOOIKTVHOV TMOV TPAYUAT®V Y10 VO TOVG ODGEL EVTOAESG
Bdion Tic TpOoTIUNOELS TOV XPNOTN 1 TG OpddaC YpNoTdV Tov cvothpatoc IMCE. Eniong
0 TOTKOG EAEYKTNG EIVOL AVETTVUYUEVOG G ETEKTAGT] TOV OVOLYTOV AOYIGHIKOD Y10 £EVTTVO
oniti, gv ovopatt OpenHab, to omoio givat éva choTpa pésa amd 1o omoio £vag xpNoTng
pumopel voo aAANAOETOPAGEL e TG d1dpopes EEumveS cLoKEVEG 6To TEPPAiiov tov. To
OpenHab pmopei va eykataotabel pe epapproyr 6to Kivntod, oVTmg MOTE 0 EAEYYOG Vol
yivetal pécm Kivntov yio evKoAlaL.

[Ma v KahdTtepn KoTavonomn TS Aeltovpyiag Tov Tomkov AeyKTY| umopel va BewpnBel
10 akO6AovB0 Tapddetypa. Eotm 6t1 évag ypnotg Bélet va peidoet Ty Beppokpacio vog
KMUOTIoTIKOU 6710 0o 27 PBabuote kedoiov og 25. [Na emitevén avtg g peimong g
Bepuoxpaciog o ¥poTnNg TPETEL VO OAANAOETIOPACEL LEGM TOTIKOV EAEYKTY], O OTOI0G
TEAKA B0l EMKOVMOVGEL LE TO KAMUOTIOTIKO.

IMo v emovovia pe Tov TomKO EAEYKTH EKTOC TOTIKOL d1KTVOV YpetdleTat 1 chvoeon
pe tov Cloud Controller (CC) o omoiog eAEyyel TOV TOTIKO EAEYKT OO OTOCTOCT N M
ovvdeon pe 1o Tomiko diktvo péow evdog VPN. O Cloud Controller dev €xel vAomom et

GTOVG GKOTOVG OTNG TG OMAMUATIKNG EPYAGTOC.

3.2 To cvotnpa IMCF

To ocvotatikd IMCF eivo pia eméktocn Tov AOYIoUIKOD TOV TOTIKOD EAEYKTH], TO OTTOI10
EMTPEMEL TNV TPOCOPUOYN TOV TPOTUNCE®Y EVKOAIOG Yoo TNV emitevén TOV
LOKPOTPODECU®V EVEPYELOKDOV GTOHY®V TOL YPNOTN N TG opddag ypnotdv. Eyxet
avamtuyOel pe TETo10 TPOTO TOL EVOOUOTMOVEL TNV VAOTOINoT Tov adyopiBuov Energy
Planner kot Green Planner, aAAd Kot TG YPAPIKNG SOTPOCOREING TOL YPNOTY KoL TNG
amobnKevoNg TOV  TANPOPOPIDV, TOV OTOITOVVIOL YO HUTOPEL O YPNOTNG Vva
aAAnlosmdpdoet pe to cvotnua. O akyopBpog EP spappoletror wg Pprodnkn JAVA
Kot Aappaver Tig puduicelg tov ypnotdv and éva MariaDB persistence layer. To gninedo
™G amoONKeLONG KATA T YP1OT TOV GUGTNHLATOG, TO 0010 £YEL OLALUOPPM®OEL OVTMC DGTE
0 OPIGUOG PETO-KOVOVAOV GTOV TVOIKO, LETO-KOVOVOV LEGM VO, YIVETAL ATPOCKOTTO LEGH

NG YPOPIKNG SLOTPOCHOTELNGS.

H ypagikn dSwmpoocwneio eivar avomtoypuévn og o gpoapuoyn Laravel PHP

aKoAOVODOVTOG TO OapPYITEKTOVIKO HOTIBO HOVTELO-TPOPOAN-EAEYKT KOl HE YpNOM
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JavaScript ka1 HTML. H Biprodnkn JAVA amotereitar and mepimov 4500 ypoppég
KooK Kot 1 ypoeikn dwumpoconeio amd 3000. H extédeon Tov KMOOIKA TNG YPOUPIKNG
dwampocwneiog yiveton pécw tov drakopiot 1otod NGINX to onoio givor dabéoipo oto
Raspberry PI, ev®d yw v Energy Planner xou Green Planner tpéyet kaBe 30 Aemtd

a&omioto pécm cronjob daemon.

To cvompa IMCF mpoc@épet Tic axorlovbeg emhoyic oe mepintmon mov Tpémet va yivel

EVEPYOTOINGN/OmEVEPYOTOINGT KATOU®Y GUOKEVADV:

e Binding mode: ypnomn tov TAOVGLOL OIKOGLGTNHLATOG OABEGIUMV YEPLPAOV OO
t0 OpenHAB 7yio0 aAAnAeniopaon pe TomKkég cLoKELES. AV M €mAoyn €ivan
nmpoemreypuévn yia to cvotnua IMCF.

e Extended mode: 1o chom o £@apOLEL TOTIKG TPOGOPUOGUEVES OONYIES VoL TNV

EVEPYOTOINGN KO OMEVEPYOTOINGNG TOV EEVTVMOV GUGKEVADV.

To cvomua IMCF mpoctateveton pécm tng tavtonoinong mov npocpépel 1o OpenHab
kot Laravel. Emiong o tomkdg eleykng Ppioketor 610 TOMIKO SIKTLO TOV YPNOTN KO
npootatevetal and to firewall Tov Aettovpykod cvotiuatog Ubuntu. Xvvenmc, to0
CLGTNUA €Vl OPKETE AGPAAEG, KAODS KATOL0G e KakOBovAeg Tpobéoelg Ba mpémet va
dwmepdoet v ac@drela mov Tpooeépel to OpenHab kou 1 Laravel ywo va propécet va

Kével aAdayég 1 va dlamepdoet to firewall.

3.3 Agdopéva €16600v

H vlomoinon tov aiyopiBumv EP kot GP yperdlovtal g dedopéva 160000 ToVG KAvOVES
amo tov mivaka pETo-Kavovav MRT kot éva mpo@id katavailmong evépyeag ECP. Ta
Kk&Oe extéleon TV alyopifumv To GHOTNUO XPNCILOTOLEL TOVS AVOVEMUEVOVS UETO-
KavOVEG TOVG omoiovg AapPavet pe aitnua and to API tov cvotatikod IMCF. To mpo@id
KatoviAmong evépyelag amotereital amd v pnviaio KOTOVAA®OT) EVEPYELNG TOV PO
oe kWh. Eniong ywa tov aiyopiBpo GP ypeidlovtor kot mpoPAéyelc yio tov kopo.
Axolovbel mivaxog pe mapaderypa yu to ECP [11].
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) 1
Mingcg = Z(ﬁ

BeAtioTonoinom Tov GEAAUATOG AVESTG.

t

k=1 i=1j=1

Eéiocwaon 1

21

N D
D) ce(MRy))

Mnjveg kWh tov pva kWh v opa
[avovdprog 775.50 1.04
DePpovaprog 528.75 0.71
Maptioc 246.75 0.33
Ampiliog 141.00 0.19
Mduog 176.25 0.24
Tovviog 211.50 0.28
TovAog 246.75 0.33
Avyovotog 317.25 0.43
YentéuPprog 211.50 0.28
Oktopprog 176.25 0.24
Noéupptog 211.50 0.28
Agképpprog 423.00 0.57

Iivoxog 3.1 Hopaoeryuo ECP [11]
3.4 O aryoprOpog IMCF

O aryopBpog IMCF [11] amoteleiton amd 600 vropovtiveg, T0 o6Y€d0 andcPeong (AP)
kot to Evepyewaxd Zyédwo (EP) v tov alydépiOuo Green Planner (GP). To oyxédwo
amocPeong elvar vrevBUVO Yoo TOV LTOAOYIGHO TOL HEYIGTOL TEPLOPICUOV TOL
EVEPYELOKOD TPOUTOAOYICHOD HEC® €VOG TPOEMAEYUEVOL TOTOL OmOGPeEoNC. XN
GUVEXELN EKTEAEITOL L0 TPOGEYYIOT TEXVNTNG VONUOGHVNG KAOE t devTEPOLETMTA Y10l It

YPOVIKN Tepiodo p Yo T dMpovpyio pog AVong evepyslokoy oyediov s* yia




Omov 1o cej etvan peta&d g emBountg tipng ££660v .Ql.j € R &vog kavova mov opiletan
and évav ypnotn 6mmg ™ Bepprokpocio 1 TV £VIaon OTOS Kol TNV TPOYUOTIKY TIUN

Oij € R opiopévn amd tov eAeykTi, Onladn ce = |!2-j | - |0j |

FE—Z( ZZe,(MR )

k=1 i=1j=
Eéiowaon 2

H xotavéloon evépyelag Fp mpémel va ivar pukpotepn amd 1oV GLVOMKO d100Eatpo
npovimoAroyiopd evépyerog Ep vy to ypovikd ddotnuo p katd 1o omoio ekTeAEitOl O
alyopiBpog. Ztnv e&icmon 2 to N etvarl aptBuoc tov péta-kavovov, D glval o apBudg
TOV GLOKELAOV SLUSIKTVOV TOV TPUYUATMV KOl TO €j EIvaL 1 KOTAVAA®OOT] EVEPYELNS LG
GLGKELNG J SOCUEV OO TN TOPAYOYT Oij Tov péta-kavova MR; ano:
B = {ej, Oij is executed

0, otherwise
['j etvau n exkmopnn CO2 mov mopdyeTat amd TV EVEPYOMOINGN TNG GLOKELNS J KO Y10l TOV
VTOAOYICUO TNG YPNOLOTOEiTOL I evepyelakn Katavaiwon E ¢ ocvokevng kot v
évtoon ekmounng y CO2 g xopog.

L= {Ej, if sunlight
J 0, otherwise

Ynokerton 6tnv kavonoinon tov Fr < I}, 4mov,

Fr —Z( ZZF(E (MR, 7))

k=1 i=1j=
Eéiocowon 3

H exmounn 610&ediov tov avOpaka Fr mpémel vo elval pukpotepn amd v pEYIOTN

emBount) exmopmny CO2 I'p, ywo oAdOKANPM Vv mepiodo p Katd v  omoia

TPOYLLOTOTOLEITOL 1] EKTELEGT] TOV aAyOpiBLOov.

3.4.1 Xyéowo anéoPeonc (AP)

Apycd extereiton 1o oyédo andoPeong AP [11] to omoio givon pa vropovtiva 1 omoia
vrohoyilel TOV TEPLOPIGUO TOV EVEPYELOKOL TPobmoAoyloHoD Ep, pe yprion tov mpoeil

katavilmong evépyelag ECP. Kdmoteg otpatnyucés andoPeong £xovv o¢ akorovbwg:
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1. Ztpamnywn ypouukne omocPeong (LAF), 6mov 1 ovvolikn xoatavaimon
evépyewog TE pmopel va kotavepn el ypopukd oe puo tpokafopiopuévn ypovikn
mePiodo p, pe Owbpkeln t, m omoio pmopel va oplotel ¢ €TNOO, pUNVioda,
KaOnuepvn, mproio Kot ovTe KabeENC, divovtag TOV TEPLOPIGUO TOV EVEPYELOKOD
TPOOTOAOYIGLOV:

_TE

Pt
il.  Zrpamywn ypouukng oamodcPeong pmoroviov (BLAF), 6mov o ypnotng
eEokovopel éva T0G0oTO T Ao TN GUVOAKN Katavdimon evépyelag TE ya éva
xpovikd drdotmua A < t, 10 Aeyduevo urtaAdvt o, T0 0oio YPNCLOTOLEiTAL GTNV
VoMo xpovikn Tepiodo ' =t — A Omov 1 KataviAwon evépyelog &ivot
vynAdtepn. O mepropiopdc evepyelakod tpovmoroyispov Ep yio g mepiodo p
duapketag t vmoAoyiletatl og €ng:

TE o 1 od
- z,for perio

p TE o )
- + 7 for A'period

. Ztpommywn andosPeong pe Paon to ECP (EAF), 6mov vroloyiletan éva 6hOvoro
Bapdv pe ypron tov dwvocpatog ECP, ta omoio ypnopomolovvtal yio. Tov
KaBopIoUd TOV TEPLOPIGUAOV TOV EVEPYELONKOD TPOVTOAOYIGHOV Yol Lo TEPI0O00

mov KabopileTan amd Tov ¥pNotn o€ £va SLBEGIH0 evepyelakd Tpobmoloyiopo E:

E—{W"XE} =1 |ECP|

p = t/|ECP] Jfori=1,.. , ,
_ _TE |[ECP| _

where w; = cr: and .7 'w; =1

To TE eivar 1 cuvoAikn kotavaioon evépyelag mov mpoépyetot and to ECP, E
elvar o dwbéoipog mpovimoroyiopds evépystog mov Kabopiletar amd 10 ypnot,
|[ECP| givan t0 péyebog tov davOGHATOS TOL TPOPIA KATUVIA®OTNG EVEPYELOS
ko t/|ECP| opolomoiel tov gvepysiakd mpobmoloyloud PAcel g ypOVIKAG
dlapKelag KokKomoinong t.
["a 0Aeg T1g oTpatnykég amdoPfeonc n péyiot ekmounn CO2 I'p vrohoyileTon mg
I, =E, Xy

Kat o mepropiopdc Fromoroyileton amevbeiog and v E&icmon 3.
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3.4.2 Apyptektoviki) adyoplOpov gvepyelakov oyediov (EP)

Y& auTf TV vIroevaTNTO avaAvETOL 0 aAYOp1BLog EP ko ta oyetikd ototyeio kot

TOPAUETPOVG TOV.

Algorithm 1 IMCF: generates an energy-efficient plan
Input: M RT: Meta-Rule Table; k: components to be
modified; Tpq2: Max iterations; t: time granularity; apl:
amortization plan; ECP: Energy Consumption Profile
Output: An energy plan solution s* = (s1,...,sn)

1: AP(apl, p, ECP) > Amortization Plan Routine

2. switch (apl)

32 a E,« LAF(t, ECP) > use linear Eq. (3)

4 b E, — BLAF(t,ECP) > use balloon Eq. (4)

5: ¢ E,« FEAF(t,ECP) v use ECP-based Eq. (5)

6:

7: ER(MRAT k, Tnac, i, Ep) > Energy Plan Routine

8: s* «— wnit;(MRT) > s*: initial solution for time i

9: (Fp,Fcr) + evaluate(s*) © with Equations (1).(2)

10.  While 7 < Thhae do > 7 current iteration

11: s < optimization(s™) > randomly select k
positions and swap their binary value

122 (Fp,Fcg) < evaluate(s) > with Equations (1),(2)

13: If (Fp(s) £ E,) && (Fop(s) < Fe(s*)) then

14: §* s > Set s as the current solution s*

15: EndIf

16: T+ + > Increase iterations

17:  EndWhile

18:  return s* > Return the final energy plan solution

19:

20: apl + AP(apl,t, ECP);
21: return (V! EP(MRT, k, Tz, apl))

2ymua 3.1 O alyopiBuog IMCF ue ypnon ts EP [11]

Mua Aon evepyelakol oyxediov givat éva didvocpa s = {Sl, 52,53, ) sN}, omov 10 N
elvat 0 apBpog Tov péta-kavovev. ‘Eva otoyeio si avTimpocsmrevel Evav PHETO-KOvOVa
otov ivaxa MRT, 6mov si = 0 onpaivel ayvonon tov péra-kavova i tov nivako MRT

Kot si = 1 onuaivel ypnon Tov PETO-KovOva i.
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v opyf TG TOMKNG EVPETIKNG ovalnTnong avantOGGETOL (ol apykn Abon s* mov
kaBopilel Vv apyk kotdotacn tov aiyopibpov. Mo apyikn Avorn pmopel va
onuovpynBet tuyaia 1 vretepuviotikd. Mo vretepuiviotiky] Avon yia to EP givat va
0pLGTOVV OAOL 01 KavOveS si o€ 1, mpdypa mov onpaiver 0Tt OAOL Ot péta-kavoves Ba
YPNOOTOMBoVV Yoo TNV avamTuén TG AVOTG s*, ELVOMVTOC UE OVTOV TOV TPOTO TO
oQAAp0 gukoAiag, aAAG pe peydAn mboavotnta mapofiocng tov meplopiopov Ep. Xtnv
nepintoon tuyoiog oapywonoinong, ot TéG OAWV TOV OTOEIMV TOv SlVOGLOTOG

emA£yovrtol Tuyaia.

H BeAtiotonoinon emtvuyydvetar pe gupetikn tomikn avoaltnon ovoppiynong Ad@ov
OmoLv ypnolponoteital yioo Tomiky PeAtioTomoinomn pe yeurroviég mov mepthapPdvovv
aAlayn €o¢ kot kK cuoTatik@v g Avong, 1 omoio avaepépeton kot w¢ k-opt. Katd
Swdkacio Bertiotonoinong k, ot péta-kovoveg emagyovrol Tuyaio amd T0 SIVUCLUA S

€dv Ba ayvonBovv 1 Ba ypnoyomomnBoiv.

Kdabe Moom s a&oroyeitan ypnoonowmvtag g petpnoelg amddoons Fe kot Fce tov
E&omoewv EElomwon 1 ko E&icwon 2. Mo Abon s Bewpeitor KaAvtepn Kot aviikaiotd
v TpéYovca KaAvtepn Adon s* edv 1 katavdimon evépyslog Fe givon puikpdtepn amd
ToV GLVOAKO dbéoipo mpovimoroyiopd evépyswog Ep Kot av 10 GUVOAIKO TOGOGTO

LaBovg 1o T Adon s ivar pkpdTEPO amd T AVon S

O aAlyopBuog evepyslokol oyediov teppotilel OTAV QTACEL OTIC Typgy EMOVOANYELC.
EvoAdoktikd, cuveyxiler péyxpt va unyv vapyovv KoAOTeEPES AVOELS. Xe TEPIMTMOT TOV
VILAPYOVV EALEIYELS OTN YVOOT GYETIKA pe T PEATIOTN AVoM, 0 alyoplBpog pmopel va

UmEL o€ aTEPUOVO PpoyYO.
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Energy Planner

@ —_—FECP Ameortization Plan Initialization Optimization
e of Rules

=

51152 }'53.] g
ol1]o0
If termination
SMART BU[LD[;\G £ N ERE criteria has
- ~ been met stop
Meta-Rule Table v and output 5+,
O O i ol B else continue
. MRy | Temperatureat 250 S 23 B optimization
between 16:00-19:00
———Preferences—p» MRT> -
MR Lights at 50% If 5 is better
/ \ 2 |between 18:00-20:00 than s*, then
5°=3
T Preferred Energy \
User LM R3 | Limit 11000 ki J

2ynua 3.2 Hopdoeryuo exredeons tov IMCF ue EP

3.4.3 Apypretoviki) aiyopiOpov Green Planner (GP)

Xe auTf TV LIToEVATNTA avOAvETOL O aAyOp1Buog GP [21] kou ta oyetikd ototyeio Ko
TOPAUETPOVG TOV.

Algorithm 1 IMCF: generates a green-plan

Input: MRT: Meta-Rule Table; k: components to be modified; 7,,,,: max iterations; t: time
granularity: apl: amortization plan; ECP: Energy Consumption Profile: T:Temperature

Output: An green plan solution s* = (s,..., sn)
1: AP(apl, p, ECP) > Amortization Plan Routine
2. switch (apl)
3:  a:E, « LAF(t,ECP) > use linear Eq. (4)
4 b:E, « BLAF(t,ECP) » use balloon Eq. (5)
5: ¢ Ep, « EAF(t,ECP) > use ECP-based Eq. (6)
6: returnl, = E, Xy > max CO, emission for y CO, emission intensity
T
8: GP(MRT, k, Tmax, i, Tp) > Green Plan Routine
9: 5" « init;(MRT) & 5" initial solution for time i
10: (Fcg, Fe, Fr) « evaluate(s") » with Equations (1).(2).(3)
11:  While r < 1,,,,, do » T2 current iteration
2 s « optimization(s") = randomly select k positions and swap their binary value
13:  (Fcg, Fg, Fr) < evaluate(s) > with Equations (1),(2).(3)
14: If (F(s) < Ep) && (Fce(s) < Fee(s*)) && (Fr(s) < T,) then
15: s* s & Set s as the current solution s*
16: Else If rand(0, 1) < P(Fcg(s*), Feg(s), T) && (Feg(s) < Fep(s*)) && (Fp(s) < T,) then
17: s —s & Set s as the current solution s*
18: EndIf
19: T++ & Increase iterations
20. EndWhile
21:  retuns* » Return the final green plan solution

22:

23: T, « AP(apl, t,ECP).
24: return (V{ GP(MRT .k, Tpyav. 1, 1))

2ynua 3.3 O alyopiBuog IMCF ue ypnon ts GP [21]
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M Tpdoivn Abon evepyelakol oyediov eivan £va dtvoopo s = {51, 52,53, wue) SN}
omov o N givar 0 apBuog Tov péta-Kavoévov. 'Eva ototyelo si avtimpoomnevet Evov
péta-kavova otov mivakae MRT, 6mov si = 0 onuaivel ayvonon tov péta-kavova 1 Tov

nivaxa MRT kot si = 1 onpaivet xpnon tov péra-kavova i.

v apyn ™S aVOTTOCGETOL Lo oYK Avom s* mov kabopilel v apykn kotdotoon
oV aAyopiBuov Mia vietepuviotikn Avon yia to GP givon va opiotodv 6Aot o1 Kavoveg
si o¢ 1, mpéypo mov onpaivel 6Tt 6Aot ot péta-Kavoves Ba ypnoonomBoldv ya v
avamTuén g Avong s*, euvodvtag pe avtdV TOV TPOTO TO GOAALON EVKOAING, ALY LE
peydAn mbavomta mopaPiacng tov mepopiopov Ip. v mepintmon  tvyoiog

APYIKOTOINGNG, Ol TIHEG OAWMV TOV GTOEIMY TOL O1VOGLOTOG ETAEYOVTOL TUY OO,

I"o o Prypo PeATioTonoinomc, YPNCILOTOIEITOL L0 EVPETIKN TPOGOUOIMUEVTG OVOTTI|ONG
Yo TN HETOTPOTY] TNG ADONG NG TPEXOVCOS KATAOTAOMG S* o€ AVON oG VEOS
KOTAGTOONG S emMALYovTaG Tuyaio Kot avtolddooovioag ¢ k otoyeio tov s*. H
TOOVOTNTO TPOYLOTOTOINOoNG TNG HETAPaong amd v TpEYovca Katdotaon s* og o
vroynoew véa Katdotoon s kabopiletar and pia cuvéptnon mbavotntog arodoyns P (e
(s*), e (s), T), 6mov e (s*) xon e (s) eivan 1 evépyeta (1 aEOAOYNON KOTAAANAOANTOG)
TOV ACEMV TOL TOPAYOVTOL GE KOTOOTAGES S* Kot S, avrtiotoryo, kot T eivol o
TOYKOGOL TOPAUETPOG TTOV TOIKIAAEL oo TO YPpOVO, oL ovoudaleton Bepurokpacio. H
Oepurokpocio T mailer KaBopiotikd poAo oTov EAeyyo TG €EEMENG TG KOTAGTAONG S,
dgdopévou Ot o peyahn T guvoel T1g yovipég mapailayés Hetald TV KOTAGTACE®Y,
omov o pukpn T evvoel meprocdTepeg maporiayés Aentdv kokkwov. H mapdupetpog T
umopel va pvBuotel eite péow vog mPokaBopiGUEVOL YPOVOSLOYPAIUATOS OVOTTNONG
elte va. vmoAoylotel oe oyéom pe tov aplUd TOV ETAVOANYEDMY TOL £YOLV TEPACEL

(Oniaom, T = %). Xe K@Oe mepintoon, amouteiton otadlokn peimon tov T kabmg

npoywpd M mpocsopoimon. Mia petafacr yiveror mavio omodektn Otav 1O S gival
KaAOTEPO amd To $* kot eivan mOavdg amodekto, pe mbavomta P (e (s°), e (s), T) dtav
s glvar xepdtepo amd To S*, EMTPEMOVTOAG e OVTOV TOV TPOTO TNV EVPETIKY ATOPVYN|

TOTK®OV BEATIOTOV.
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Kdabe Mon s a&ohoyeiton ypnoyonoiwvag Tig petpnoels anddoong Fee, Fe kot Fr and
TG e€lomoelg 1, 2, 3 avriotorya. Mo Abon s Bempeiton KaAdTepn Kol avtikaioTtd TV
TpéYovGa KOADTEPN ADom s~ edv 1 KoTavdimon evépystac FE sivan picpdtepn amd tov
cuvolko Swbéoipo mpovmoroyopnd evépyslog Ep, av 1o cuvolikd mocootd AdBovg
gukoMagc yio T Ao s sivar pkpoTepo amd T Adon s* Kot edv 1 ekmouny Stoéetdiov Tov
avBpaxa Fr etvarl pikpotepn and v péyiotn embount exkmouny| I'p. Atapopetikd, dv
TO S givan ¥€1PpoTEPO amd To $*, N s avikadiotd Vv s* av po Tuyaio Ty rand oto

Sidotnua [0,1] etvarn pkpdtepn amd v mBavdTTa P (e (s°), e (s), T).

O olyopiBuog mpacivov oyediov Tepuatilel OtavV QTACEL OTIC Tigx EMOVOANYELC.
EvoAloktikd, cuveyxiler péyxpt va unv vapyovv KoAOTEPES AVOELS. X TEPIMTMOT TOV
VILAPYOVV EALEIYELS OTN YVOOT GYETIKA [e T PEATIOTN AVoT, 0 akyopBpog pmopel va

UmEL o€ aTEPLOVO PpoyYO.

/ Green Planner \

Initialization Optimization
of Rules

51 ]s2]s53] g*
0j1})0

-
SMART BUILDING 5%

If termination
criteria has

~ o been met stop
Meta-Rule Table v and output s*,
O Temperature at 25C = B e
—— MRy | peween 16:00-19.00 Ll i
Preferences—» MRT> Ifs is better
Lights at 50%
/\ MR2 | petween 12:00-20:00 than 57, then
5*=5
T Preferred Energy \ /
User L MR3 | Limit 11000 ki )

2mua 3.4 Hopaoetyuo extéleons oo IMCF ue GP

3.5 O Bacwkéc mpooeyyicerg

o oxomovg amotipnong tov  oaAdyopiBuwv nuovpyndnkov Kamoleg Poacikég

TPOGEYYIGELS OL OTTOTEG OVAPEPOVTAL GE QVTY TNV VITOEVOTNTA.
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3.5.1 Baowi] wpooéyyron yopis kavoveg (NR)

Etvor 1 mpdtn Pacikn mpocéyyion, 0mov ayvoel OAovG Tovg UETO-KAVOVES TOV TivaKo
LETA-KAVOVOV KOl OEV TPOTOTOLEL TN CLUTEPLPOPE TOV AVTOVOLMY GUCKELDV, ETOUEVAS
avTd £pyetar g avtifeon pe v ukoAia Tov xpNnot. H cuvolikn kotavalmon evépyelog
Fr elvan mpopavag mavta 0, dedopévou 0Tt Kapios GLGKELT SUOIKTVOV TWV TPUYUATOV
dgv elvar evepyomompévn. And v dAAn, 10 Fce petpiétar g mocootd GOAAUATOS
gvkoAiag mov Ba glye vag xpNoms €dv avtdg 0 YPNOTNG EKTEAEGE OAOVG TOVG KOVOVES
kot to Fr glvon poévo to xd6ct0C ™G Tparypatonoinong avtod tov vroroyicpot. Katd
GUVETELO, 1] KATAVOAMOT] EVEPYELNG OVTNG TNG TPOCEYYIOTG EIVOL EAAYLOTT KOl TO GOAALLL

gvkoMoag tvon To péyioTo.

3.5.2 Baowi] wpooyyion pe ypion 6imv tov péto-kavovov (MR)

Eivar n devtepn Pacikn mpoc€yyior, OTov ¥pNGIULOTolEl OAOVG TOVG UETA-KAVOVESG TOV
mivoka PETA-KOVOVMVY Kol €uvoel TV gukoAia tov ypnotn. H cuvolkn katavaiwon
evépyelag Fe elvar péyiom oe autn v nepintwon eved to 1060ctd c@aipatog Fee eltvan

eldyLoTo.
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Kepararo 4

Ylomoinon AlyopiOpmv

4.1 ExOUY@Y1] AALASEL...uuuuiiircnriissnricssnnicssnnessssnesssnessssnessssessssnosssssosssssossssssssssssssssssses 30
4.2 Evnuépoon tov péto-kavovov amro 10 cVGTNRE IMCF.........eeicicneicnnnenns 31
4.3 Ex00y®my1] TOV HETOU-KOVOVOV GTO CUOTIILO cevvrererseressssssssssssssssssssssssssssssssssssses 32
4.4 Yhomoinon aryopiOpov noRule / NOIFTTT ......ccoeeveiseeiensnecsnesenseecsacsnecssecsnnes 33
4.5 Yhomoinon tov aryopiOpov Energy Planner...........coeeinveicncnercssencssnencscnnncnes 34
4.6 Yhomoinomn tov aryoplOpov Green PIANner .........eececvercncercssercssnnscsssescsnsscnes 37

g aUTO TO KEPAAMLO OVOAVETAL 1] VAOTOINGOT T®V d1dpopmv adydplBumv oe BifAodrkn
JAVA. H BiAobnkn amotereiton omd 11g KAdoelg importData 6mov ypnoiponoleitat yio
TNV €100YOYN TOV amapoittov dedoUEVEOV Yo eKTELECT] TOV aAYOpIOL®Y, TNV KAGON
nolFTT, tv kAdon EnergyPlanner otnv omoia vAomomdnke o aikyopiBpog EP kot tnv
KAdom GreenPlanner otnv omoia vAomomOnke o akydpiBuog GP.

4.1 Ewsaymyn dataset

To cOVOAO SEJOUEVAOV Y10 SIOUEPIGHLA 1) KATOIKIO 1) Y10 OITNTIKEG ECTIEG EIGAYETOL GTO
CUOTNUO HECH OVAYVOONS Tov opyeiov kol tomobeteite oe €va ArrayList o omoio

YPNCLOTOLEITOL ATTO TOVS OAYOPLOLLOVG.
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while (inputFile.hasNextLine()) {
line = inputFile.nextLine();
String temp[] = new String[7];

String[] col = line.split("\\|");

1

2

3

4,

5. if (counter > 1) {
6

7 temp[@] = col[@].trim();
8

9

temp[1] = col[1].trim();
: temp[2] = col[2].trim();
10. temp[3] = col[3].trim();
11. temp[4] = col[4].trim();
12. temp[5] = col[5].trim();
13. temp[6] = col[6].trim();
14. // fills a list with all the input IoT data
15. IotData.add(temp);
16. }

18. counter++;
19. } // end of while loop

Méow tov While loop dwapdlovtar 6Aeg ot ypapupég tov apyeiov kot ywpilovrag kdbe
ypappy o€ string token 6mwg evosikvutarl oty €violn g ypappung 6, avadétovtal o
éva. poowpvd mivaka String 6mov ot cvvéxeln tomobeteitan oto ArrayList otnv
ypouun 15. Tlpoympdvtog 6TV MOUEVT] KATAYMPNGN TOV GLVOAOV OEOOUEVMOV EYOVUE

éva, petpnt pe dvopo counter o 0moiog aVEAVETOL GTASIOKAL.

4.2 Evnuépoon tov péto-kavovov aro 1o cvotnpo IMCF
O péta-kavoves avovedvovol Tpv KaOe extédeon Kot yio va yivel avtd koteBalovog

tovg and to cvotnua IMCF pe yprion API e poper JSON kot petd and anapaitnn

enelepyacia ypapovtal oto apyeio péta-Kavovmy.
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String urlString = "http://10.16.30.73/api/get-metarules”;
StringBuilder result = new StringBuilder();

URL url = new URL(urlString);

HttpURLConnection conn = url.openConnection();
conn.setRequestMethod("GET");

conn.connect();

int responsecode = conn.getResponseCode();

LoOo~NOULhAWN R

if (responsecode == 200) {

10. BufferedReader br = new BufferedReader(conn);
11.  String line;

12. while ((line = br.readlLine()) != null) {

13. result.append(line);

14. }

15. }

2m ypappn 1 dnidverar o cdvdeopog yuo to API émov ot cuvéyeia pe aitnpa GET oto
API AopBdvetar o mivakag péta-kavovov kat dStapdleton amd to While loop ot ypouun
12-14. 'Emerta yiveton enelepyacio tov mivaka o omoiog AneOnke oe poper JSSON ko
amofnkevetar 6to opyelo tov péta-Kavovev. Ot péra-kavoveg Aapfdavovior omnd ™

tomikn Pdon dedopévmv tov TAarciov pog MariaDB.

4.3 Evcaymyn TOV pETa-Kavovev 6T0 6OGTNRA

H swooayoyn tov péta-kavovev yivetal pe Ty avayveon Tov apyeiov HETA-KOVOVOV
a@oL evnuepmwBel OTmc £xel avapepbel mo mdvw. Ot Kavdveg pmaivouv oe Eva ArrayList

Y10 ¥PNOT TOLG Ad TOVG OAYopiOLovG.
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1. File file = new File(pathMRTrules);
2. // loop through every line

3. while (inputFile.hasNextLine()) {
4. line = inputFile.nextLine();

5. String[] col = line.split("\\|");
6. String temp[] = new String[4];

7.

8. if (counter > 1) {

9. temp[@] = col[@].trim();

10. temp[1] = col[2].trim();

11. temp[2] = col[3].trim();

12. temp[3] = col[1l].trim();

13. MRTrules.add(temp);

14. '}

15. counter++;

16. } // end of while loop

A@ob avoyytel 1o apyeio dwfdleton kKaOe ypapun amd to while loop (ypapun 3-12) kot
a@oV KotakepLoTIoTel KAOE ypapuun, ta dedopéva KaOe ypopuuns amobnkedovral 6to
ArrayList otv ypoauun 12, étor dote va ypnoiponombovv yuo eneEepyoasio and To

TAOLG10 [Og.

4.4 Yhomoinon aryopiOpov noRule / nolFTTT

O aiyopBpog no-Rule vroroyiCet to péyioto (Fee). O adydpiBuog extereiton mhvra mpv
tov aAyopBpo EP kot GP yati yiveton ypnon tov péyiotov Fee and avtovg. Avto yivetal
He xpN o1 evOG GHVOLOV dESOUEVOV Y10, OLOLUEPIGLLOL 1] KOTOTKIN 1) Y10 POITNTIKES E0TIEG KOl
™ xpnon Tov péta-kovovov. Ia kdbe uétpnon amd to cHVOLo dedoUEVOV EAEYYOVTOL
oMot o1 péto-Kavoveg, ovTmg dote va petpndel 10 c@dipa Adbovg oe mepimTwon
apoPioong KAmoov and avTovgs.

Ot éheyyot &xovv mg akoAoVOMG:

Apyucd eréyyetan av 1 pétpnon nepriapPdvel Oeppokpacia 1| Evraon T,
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// gets T for temperatures

if (datasplitted[2].startsWith("T")) {
// gets LS for light sensor

if (dataSplitted[2].startsWith("LS")) {

Edv yiveton yprion tov péroa-kavévev tomov IFTTT ypnoiponoteitol o pnvog 6tov onoio

MeONKe 1 pétpnon v vo Bpovpe o€ Towa Exoyn AeONKa Ta dedopéVa.

int iSeason = Integer.parseInt(dataSplitted[@]);

2 ocvvéyeln yivetar €Aeyyog o€ Moo €mOYY| PPLOKOUACTE, ONANON OV O UNVOG OV

Moednkav ta dedopéva givar yEWOVOS 1 KaAoKaipt.

// checks if SUMMER

if ((iSeason == 6) || (iSeason == 7) || (iSeason == 8)) {

// checks if WINTER

else if ((iSeason == 12) || (iSeason == 1) || (iSeason == 2)) {

Av dev 16Y0EL | TPOTILOUEVT EVTOOT PMOTOC N 1| TPOTIUOUEVT Beprokpacio Yo TNV dpa
mov €xel tebel 1 yro TV emoyn mov €xel tebel T0TE avEAvETAL TO GLVOAKO AABOG EVKOAOG

He TN S10popd TV TOc®V 0md TN HETPNON KoL TOV PETO-KOVOVAL.

4.5 Yhomoinon tov aryopiOpov Energy Planner

O aAy6p1Bpog EP ypnoylomotel 10 6HVoAo dedOUEVMV Y10 SIOUEPIGHO 1) KATOUKIO 1] Yol
QOUTNTIKEG E0TIEC, TOV TTIVOKA HETA-KOVOVOV Kol TO PEY1oTo AdBog Tov vroloyiletat and
tov aAyopiBuo No-Rule. O akydpiBpog vroroyilel to opdipa gvkorag (Feg) ko v

katavalmon evépyetag (Fe).
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1. for (int i = @; i < iotdata.size(); i++) {
2.

3. String[] dataSplitted = iotdata.get(i);

4. double tempHourChange = getHour(dataSplitted[@]);
5.

6. if (hourChange == tempHourChange) {

7.

8. if (i == iotdata.size() - 1) {

0. recordsHourly.add(iotdata.get(i));

10. double hourly ms = calculateKWH(recordsHourly);
11. total ms = total ms + hourly ms;

12. recordsHourly.clear();

13. } else {

14. recordsHourly.add(iotdata.get(i));

15. }

16.

17. } else {

18. hourChange = tempHourChange;

19. hourly ms = calculateKWH(recordsHourly);
20. total_ms = total_ms + hourly_ms;

21. recordsHourly.clear();

22. recordsHourly.add(iotdata.get(i));

23.  }

24.

25. }

Mo xdBe kataypoaen and to chHvoro dedopévov PAémovpe mote aAAAleL M dpo Kot
vrohoyiletar M koAOtepn AOom pe ypnomn tov Amortization Plan. o kdBe dpa
VTOAOYILETOL M KATOVAA®GT EVEPYELOS KO TO GOAALO AABOVS Yo TNV KOADTEPT AVOT e
ypnomn g pebooov calculateKW, n onoia elvat eumvevopévn and v avappiynon AO0Qov
(hill climbing). KaAvtepn Avorm omotedel 10 OGVUGHO TMV EVEPYOTOUUEVOV Kol
QTEVEPYOTONUEVMV KOVOV®V, Y10l TO 0010 TO COAALL EVKOAOG KOt 1] KATAVAA®GT), Elval
eldyota. H calculateKW eivon recursion péfodog 6mov exteAeitan yio £vo GUYKEKPIUEVO
aplOud emavalyemv yio kdbe Kataypagt Tov GLVOAOL. Xe KAOE TPMOTN EKTELEST NG
peBdooL yivetarl Tuyaio ETAOYN TG EVEPYOTOINGNG KOL OTEVEPYOTOINGNS TOV KAVOV®V
OGS £xel OG 0KOAOVOWS. TNV EVIOAN 6T Ypopuun 4 emléyetal tuyoaio £vag aptOpog amod
t0 0 péypt o 1. Av givan 0 10t 0 pPéta-kavovag Bo elvar amevepyomomuévog Kot m
avtiotoym B€on Tov otov mivaka pe dvoua randomRule eivar false, Onwg paivetor oty
YPOLLUY| EVTOANG 7 Kot TPOGOHETETE GOV AMEVEPYOTOMUEVOG KAVOVOG GTNV AMOTA [LE OVOLLXL
removedMetaRules, 0nmg paivetot oTtnVv ypoappn evioAns 8. Atopopetikd o LETA-KOVOVaS
Ba elvar evepyomompévog kat 1 avtiotoyn B€om tov otov mivaka pe 6vopo randomRule

glvan true Omm¢ eaivetot oty ypouun evioing 10.
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1. for (int d = @; d < randomRule.length; d++) {
2

3 // generates random number from @ to 1
4. random = rand.nextInt(2);

5.

6 if (random == @) {

7 randomRule[d] = false;

8 removedMetaRules.add(d);

9. } else {

10. randomRule[d] = true;

1.}

12.

13. }

21 vmoOAOWmEG  EMOVOANYELS Yivetar Tuyoio €mAOY NG €vEPYOmoinomg Kot
amevepyomoinong néxpt k xovovov 1o omoio avtimpoownedere omd TN UETAPANTY
numberOfLoops. Ztnv ypapur EVIOANG 4 TopokdTm, TapayeTon TuYoio Evag apltOpoc omd
10 0 péypt tov aplud TV pETO-KAVOVOV, OTOV OVTITPOCHOTEVEL TNV CAAXYN TNG
KATAOTOONG TOL CLUYKEKPIUEVOL KOovova. Av gival evepyomoinpévog tote 1 Béon Tov oTovV
nwivako randomRule omd true yivetonw false wkou agapeiton amd ™V Aota
OTTEVEPYOTONUEVOV KOVOV®V OTMG POIVETOL OO TIC YPOUUES EVIOADV 7-8. AlOPETIKA,
0 Kavovog evepyomoteitol Kot agoipeitor and ™ Moto Pe TOVG OTEVEPYOTOUUEVOLS

Kavoveg, Omwg paivetal and Tig Ypoupég eviodmv 10-11.

1. for (int i = @; i < numberOfLoops; i++) {
2

3 // random here is the rule to be removed
4, random = rand.nextInt(numrules);

5.

6 if (randomRule[random]) {

7 randomRule[random] = false;

8 removedMetaRules.add(random);

9. } else {

10. randomRule[random] = true;

11. removedMetaRules.remove(random);

12. }

13.

14. }
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4.6 Yhomoinon tov aryopiOpov Green Planner

O aryopiBuog GP ypnoyomotel 10 6GHVOLO OE00UEVOV Y10l SOUEPICLO 1] KOTOIKIO 1] Yo
QOUNTIKES €0TIEG, TOV TivaKa LETA-KOVOVOVY KoL TO PEYL0TO AdB0g Tov voAoyileTot amd
tov oAyopiBuo No-Rule. O aiyopiBuog vmoroyiler to opdAipa gvkoriog (Fce) v

katavaimon evépyetag (Fe) ko tig ekmounég CO2 (Fr).

1. for (int i = @; i < iotdata.size(); i++) {
2.

3. String[] dataSplitted = iotdata.get(i);
4. double tempDayChange = getDay(dataSplitted[@]);
5.

6. if (dayChange == tempDayChange) {

7.

8. if (i == iotdata.size() - 1) {

0. recordsDaily.add(iotdata.get(i));

10. double hourly ms = calculateKWH(recordsHourly);
11. total ms = total ms + hourly ms;

12. recordsDaily.clear();

13. } else {

14. recordsDaily.add(iotdata.get(i));

15. }

16.

17. } else {

18. dayChange = tempDayChange;

19. hourly ms = calculateKWH(recordsDaily);
20. total ms = total_ms + hourly ms;

21. recordsDaily.clear();

22. recordsDaily.add(iotdata.get(i));

23.  }

24,

25. }

Mo «éBe xotaypaen amd to cOvoro dedopévov PAémovpe moOTe aAlalel  pépa Kot
vroloyiletar n kaAvTeP ADON ava dpa, e xpnorn tov Amortization Plan. T kéBe pépa
vToA0YileTON N KATAVAAW®GT EVEPYELNG, TO COAALN AABOVS Kol 1) eKTouTr] d10&E16i0V TOV
avBpaxa yio TV KaAvTEPT OAKT AVoN UE ¥piomn TG nebddov calculateKW, n omoia givar
EUMVELGUEVT OO TNV TPOGOopolmuéEVN avontnon (simulated annealing). KaAvtepn Avon
amoTeELEL TO SLAVUCUO TOV EVEPYOTOUUEVOV KOL OTEVEPYOTOMUEVAOV KAVOV®V, Y10l TO
omoio T0 GEAALN EVKOMOG, M KOTAVAAMOTN EVEPYEWNG KOL 1) EKTOUTY] O10&E1diov TOV

avBpaxa, etvan eddyrota. H calculateKW givon recursion péfodog 6mov extereiton yia Eval
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GLYKEKPIUEVO aplBud emavoryemy Yo KaOe Kataypagn. Xe Kabe TpdTN eKTEAEOT TNG
puefodov yivetar Tuyaio ETIAOYN TG EVEPYOTOINGONG KOl OTEVEPYOTOINGNG TOV KOAVOV®V
OmmG £xel g oKOAOVOWS. TNV eVIOAN o1 Ypopuun 4 emAéyetal tuyoio £vag apOpog amod
10 0 péyxpt o 1. Av givan 0 1618 0 péta-kovovag Bo elvarl amevepyomompévos Kot M
avtiotoryn B€om tov otov Tivaka pe 6vopo randomRule givan false, 6Tmg eaiveTon ot
YPOUUN EVTOANG 7 KOl TPOGHETETE GOV ATEVEPYOTOINIEVOS KAVOVAG GTNV MOTO LLE OVOLLOL
removedMetaRules, 6ntmg paiveTon otny ypopun evioAng 8. AlapopeTiKd 0 HETA-KOVOVOS
Ba etvar evepyomompévog kat 1 avtictoyn B€om tov otov mivaka pe d6vopo randomRule

elvar true 6mmg eaivetal oy ypoauun evrong 10.

1. for (int d = @; d < randomRule.length; d++) {
2

3 // generates random number from © to 1
4, random = rand.nextInt(2);

5.

6 if (random == @) {

7 randomRule[d] = false;

8 removedMetaRules.add(d);

9. } else {

10. randomRule[d] = true;

11.  }

12.

13. }

21 vmoéAowmeg  EMOVOANYES Yivetar Tuxodio €mAoyr] NG €vepyomoinomng Ko
amgvepyomoinong péxpt k xoavovov to omoio avimpoownevetre omd TN HETAPANTY
numberOfLoops. Ztnv ypappr eVIoAng 4 mopokdtm, Tapaystot Tuyoio Evag aptOuoc omd
t0 0 péypt tov aplud TOV HETA-KOVOV®V, OOV OVTITPOCMTEVEL TNV OAAXYN TNG
KATAGTOGNS TOL CLYKEKPLUEVOL Kavova. Av gival evepyomoinpévog tote 1 B€omn Tov oToV
nwivaxo randomRule omd true yivetow false wkor agapeiton amd Vv Aota
OTTEVEPYOTONUEVAOV KOVOVMV OTMG QOIVETOL OO TIC YPOUUES EVIOADV 7-8. AlpOopETIKA,
0 KOVOVOGC EVEPYOTOLEITOL Kol OPOIPEITOL Omd TN AIOTO HE TOVE OMEVEPYOTOMUEVOVG

Kavoveg, Omwg paivetal amd Tig Ypapupég eviodmv 10-11.
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1. for (int i = @; i < numberOfLoops; i++) {
2

3 // random here is the rule to be removed
4, random = rand.nextInt(numrules);

5.

6 if (randomRule[random]) {

7 randomRule[random] = false;

8 removedMetaRules.add(random);

9. } else {

10. randomRule[random] = true;

11. removedMetaRules.remove(random);

12.  }

13.

14. }

2TOV TAPOKATO KOO GoiveTal Eva Tapdoely o VTOAOYICHOD TNG EKTOUTNG S10EESTIOV
Tov GvOpaxa. To dt2 avTiTpocMOTEVEL TNV NUEPOUN VIO KOl PO TNG KOTOYPAPNS OO TO
oVUVOA0 dedopévav. Edv 11 dpa katoypagng eivon petad tov doetiuatog 6mov o Péta-
Kkavovog woyvet (opiletar amd ) petafintr ruleFrom kot ruleTo) kot edv o kopdg eivor
NAMOAOLGTOG, TOTE 1| GLVOAIKT) EKTOUTT S10EE10T0V TOV AvOpaKa avEdvetal katd span. To
span givot 1 O1dpkela yio TNV omoio To GOTO 1) TO KAMUOTIOTIKO €lvan evepyomomuéva. H
TOPOKATO 00ENCN NG EKTOUTNIG TOL O0&ewiov Tov GvBpoka yivetor av vLEapPyEt

wapofiocn Tov PETO-KOVOVE OLLPOPETIKE dgv avEdvetal 1 ekmoumn O010EEdiov Tov

avOpaxa.
1. if (dt2.getHours()>=ruleFrom && dt2.getHours()<=ruleTo) {
2
3 if (dataSplitted[4].equals("sky is clear")) {
4. daily ms_CO2 += span;
5.}
6
7. }
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Kepararo 5

Aema@ég Avompocmneiog

5.1 ANPIOVPYIO AOYOPLUGLOU ceeveereernrecsssressssnesssnesssssesssssssssssssssssosssssossssssssssssssssssses 40
5.2 Exoay®@yn TOU YP1OTI] OTO CUCTIIOccerrereesssressssressssssssssssssssssssssssssssssssssssssssssses 41
5.3 Xehioa Aoy eipnong METU-KOUVOVOV..uueiirirerinnseressseressnnssssesssssssssssssssssssssssssses 42
5.4 Excay@yN KOVOVE METOU-KUVOVO .uciruiineinsniiieinsaiisnissnicsnisssnssnnssseesssssssssssssens 42
5.4 EneCepyoacio METO-KOVOVO ..cccueiiiniriissricssnninssnnissssnesssnesssssosssssossssssssssssssssssses 43
5.6 LVOKEVEG CUVOEOEPUEVES OTO CUOTIILI cevererrneressrnresssssssssssssssssssssssssnsssssnsssssnsssses 44
5.7 ATTOTEAECPUTO EKTEAEGT|G ceverrresssaressaresssssssssssssssssessssssssssssssssssssssssssnsssssnssssssssssss 46

2€ QT TNV EVOTNTO TEPLYPAPETAL TO GUGTNLO GTO OTOI0 VOIS YPTOTNG UTOPEL var UTteL
Aol ONUOVPYNGEL TOV AoYaplacd TOL Kol €16Ayel kdmolovg kovoveg (Meta-rules) yio

TOVG omoiovg ypnotpomnotei o adyopdpog Energy Planner (EP) kou o Green Planner (GP).

5.1 Aypovpyia Aoyaprocpov

O yxpnotg vy va OMpovpynoel Aoyoplacpud oto cvotnuo pe Ovopa “Meta-rules
Management System” Tp€netl vo, El0AYEL GTO GLGTNLLO TO GVOLLOL TOV, TNV NAEKTPOVIKT] TOV

d1evBuveon Kot TOV KMOKO TOV.
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Register

Name
E-Mail Address
Password

Confirm Password

2mua 5.1 Aquiovpyio Aoyopiacuod

5.2 Exocaymyn Tov (p1oTn 6T0 GUGTI O

O ¥pNoTNG Y10 TNV EI0AYMYT] TOL GTO GUCTNUO KOAEITAL VO YPAWEL TNV NAEKTPOVIKT] TOV

d1evBLVoT KoL TOV KMOKO TOV.
Login

E-Mail Address |

Password

[J Remember Me

Forgot Your Password?

2ymua 5.2 Eiooywyn ato abotnuo
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5.3 Xehioa Awayeipnong Méta-Kavovov

21 oehlda drayeipiong HETO-KOVOVAOV 0 ¥pNoTNG Umopel va TPocBEGEL, Vo ApapEGEL Ko

Vo eneEePYAOTEL TOVG KAVOVES TPOTIUNGEDY TOVG,.

Meta-rules configuration

Meta-Rules Table

Description

Morning Heat. Edit
Morning Lights Edit
Afternoon preheat house Edit
Cosmetic Lights Edit
Midday Lights Edit
Spot lights Edit
kWh Preferred Limit Edit

2xnuo 5.3 Kavoveg Meta-Rules

5.4 Evocaymyn kavove Méta-Kavova

‘Evag ypniotg pmopet var €16Aayel €va KOvovpylo HETO-KOVOVO TOTMOVTOS TO KOV

“Create meta-rule” an6 v cerida “Meta-Rules”, Balovtag o meptypaer| Tov Kovova,
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T0 “action” 1o omoio ywpiletow oe Tpelg Kotnyopies, avdbeong ewtdc, avdbeong
Bepuoxpacioc, avadeong opiov kWh, dpa yio tnv omoio TpEmet va, 1y 0EL 0 KOvOvos (oTnV

nepintoon avdBeong opiov kWh dev amonteitar) ko v tiun.

Create meta-rule

Description

Action

A3

Please select an action

Time Duration

From: Ta:

Value

2mua 5.4 Aquiovpyio kavovo, Meta-Rule

5.4 Enelepyacia Méta-Kavova

e mepintwon AdBovg, 1 omolodnmote AOyov 0 ypnotng umopel va emeEepyaotel Eva
Kavova tatdvtog to kovpni “Edit” and v oedida “Meta-Rules” kon va tov aArdet.

[oatovtag to kovpni “Submit” propel va amodnkevoet onowadmote aAroyn £xel KAVEL.
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Edit meta-rule

Description

Morning Heat.

Action

@

Set temperature level

Time Duration

From: To:

04:00 ) 07:00 ®

Value

25

2ynuo 5.5 Enelepyocio kavova Meta-Rule

5.6 Lvokevég 6vvoedepéveg 610 GVGTI IO

"Evog ypfiomc umopel va 0et T1g 014popeg EELTVEC GLOKEVEG IOV EYEL GLUVOEOEUEVES GTO
ocvommuo IMCF pali pe v xatdotaon tovg (ON/OFF) omv ocelda pe dvouo
“OpenHAB Local”. Ot dbgopeg ovokevég mpobBétoviar oamd to OpenHAB ot

napovstalovtal HEcw NG xpPNoms Tov Anyplace.
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[ 0] : Living Room Lights | Living Room Lighis

OpenHAE Configurations - Local Controller

OpenHAB Rules Table

Description Type State Mode

Living room Air-Conditioner Temperature 1874°C m
Kitchen Lights Light 20 % m
Bedroom Air-Conditioner Temperature 18.0°C m
Bedroom Lights Light 20 % m
Kitchen Air-Conditioner Temperature 1726 °C n
Living Room Lights Light 40 % n

2ynuo. 5.6 EComves 00OKEDES TOVOEEUEVES TTO TOOTHUA
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5.7 Anoteléopata ektéreong

Yy oehida pe 6vopa “Results” o ypiotng pmopel va del ToL AmOTEAEGULATO TOL EXEL
TAPOyGYEL TO GUGTNLA. XTO GYUA 5.7 UTOPOVUE VO SOVUE LE TNV YPOPIKT TAPACTOCT
NV UNvieio. KoTovaAmoorn NAEKTPIKOL pEVUATOG, TO TOGO TOIS EKOTO EILAGTE AVETA, TO

OG0 TOIC EKATO PPIOKOLAOTE EVTOS TPOVTOLOYIGHOD KO TOGO TOLG EKOTO KATUVOUADGOLLE

EVEPYELQL.

loT Meta-Control Firewall (IMCF)_- Results

~LConvenien

\ G

97.56

Breakdown of the Energy Consumption per month (kKWh)
12,000 —— ik Budgat
Threshald
= KiVh
Consumed

Fobmatthodr )

Nionfhs

Breakdown of the Energy Consumption Budget (kWh)

@ KWh Consumed
@ KWh Available

2ynuo. 5.7 AroteAéoporta Extéleong 1
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IMCF Results

Energy Planner - Results

Description Value
Kilowatt hour (KAWh): 9768.74 KWh
Total Average Errar: 2.44 %
Convenience Average Error: 2.44 %
Budget Average Error: 0.0 %
Standard Deviation: 3.20 %
Convenience Average Error for user: Soteris Constantinou 1.40 %
Convenience Average Error for user. Antonis Vasileiou 1.05 %

2ymua 5.8 Aroteléouoto Extédeong 2

2mv mepintoon O0mov o aAiydpifuog mov ypnoyomodnke givar o Green Planner ta

arotedéopata £xovv g e€Ng (Ta amoteléopata eival Yo GEVAPLO QOITNTIKMOV ECTIDV).

IMCF Results

Green Planner - Results Refresh Page
Description Value
Kilowatt hour (KWh): 384366.0 kWh
Kilowatt hour (kWh) with CO2 emissions: 333549.34 KWh
Kilowatt hour (kKWh) without CO2 emissions: 50816.68 kWh
CO2 emissions: 149763.66 kgCO2e
Total Average Error; 0.93 %
Convenience Average Error: 0.93 %
Budget Average Error: 0.0%
Standard Deviation: 1.05 %
Convenience Average Error for user: Antonis 0.93 %

2ynuo 5.9 Aroteréouoto Green Planner
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Kepaiaro 6

Hewpapatikn MebBodoroyia & Amotipnon

0.1 TTAOTQOPILO cvvvveernrrensuricssnnicssarncssnsncssssesssssessssesssssessssssssssssssssssssssssssnsssssssssssssssses 48
6.2 ZUOVOAD OEOOHEVIV evevererssresssanssssassssssesssssssssssssssssessssssssssssssssssssssssssnsssssssssssssssses 49
0.3 IMETPUKEG cuveeersrnressrnncssanscssanesssasssssasssssasssssasesssssssssssssssssssssssssssssssssssessnsssssssssssnssssss 51
0.4 ALYOPLOOL....cneeiiniinninseiisninsnensniesssissstsssssssstssssssssssssssssssessssssssessssssssessssssssssssssns 51
6.4.1 ALyoptOpot NR Kot MR ......oiiiiiiiiiieeee e 51
6.4.2 AhyopBpog If-This-Then-That (IFTTT) ..c.cooeeiinieniniiieeeereeeeeeeee 52
6.4.3 AAyOop1Ou0og Energy Planner .........cccooovveieiiieiiiiecieceeeee e 52
6.4.4 AhyoptOpog Green Planner ...........ooeevieviiiiiiiniiniicnecccceeseee e 52
6.5 AEL0AOYNOT GTTOO0GTG cevvvrrcrnrrcssarrcsssressssresssssesssssesssssesssssssssssssssssossssssssssssssssssses 53
6.6 ZopTEPAONOTO OO TNV TELPORATUKT] EPOUPLLOYNccrrrrersrsrcsssrssssssessssssssssssssssssses 55

g T TNV vOTNTA TOPOoLGLALETAL | TEWPOUATIKY peBodoAoyia oV Ypnoiomo|OnKe
KO 1) AOTIUNon TV oAyOplOpmy. AvagEPETat N TAATQOPLLOL TTOV YPTGLLOTOONKE TV
EKTEAEOT TOV SLAPOPOV TEPAUATOV KOL TAL SLAPOPA GUVOAD SEGOUEVMV, O1 LETPLKES TTOV
petpnOnkav  yoo Vv mEPAPOTIK)  omotipnon kabmdg kot ot adyopiBuotr mov
ypnoworomOnkav. Eniong meprypdoete n aglohdynon anddoong Pdon melpdpatoc, mov
ekBétel ta facikd 0QEAN TOV TAAGIOV OGS Kot TOV E0mTEPIKOL adyopiBuov GP kot EP
o€ oLYKPLoTN UE TIG PACIKES TEYVIKEG.

6.1 IMhateoppa

H o&ordynon mpaypatonomdnke oto kévipo dedopuévov DMSL vCenter laaS, éva

wWwwtikd cloud, 1o omoio mepiapPaver 8 IBM System x3550 M3, Lenovo ThinkSystem
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SR590 Server ka1 HP Proliant DL 360 G7 rackables pe povi vrodoyn (8 mupnvec) 1§ dSutn
vrodoyn (16 mopnvec) Intel (R) Xeon (R) CPU E5620 @ 2.40GHz, avtictoya. Avtoi ot
Kevtpkol vohoylotég Exovv cvAroykd 300 GB xkvpag pviung, 25 TB amobrkevong
RAID-5 o¢ éva IBM 3512 kot cuvoéovton peta&h toug péow evog otktvov Gigabit. To
Kkévtpo dedopévov dwuyepiletar péom evog VMWare VSphere mov cuvdéetal e Tovg
avTioToloVg KEVIPIKOHS LIToAoYIoTéE VM Ware ESXi 6.7.0. O kOpupog vtoAoylotdv Hog
amotedeiton amd po eikova oakoptotn Ubuntu 18.04, mov dwobéter 8 GB RAM pe 2
ewovikovg enefepyaotés (@ 2.40GHz) H ewdva ypnoyromotel ypriyopovg tomikods
dtoxovg RAID-5 LSILogic SCSI 10K PM, popgomompévoug pe VMES 6 (uéyebog pmiok
IMB).

6.2 XOVoLa 0EO0UEVOV

Yi00etOnke pia mepapotikny pebodoroyia [11] mov Paciletor o {yvn oty omoia Ta
TPAYUOTIKG GOVOAO SEQOUEVMV TPOPOOOTOVVTOL GTOV TPOGOUOLMTN LOG TOV EKTEAEITOL
oto testbed. Avtd emrpénel v emavorapPovopevn ekTEAESN QOPTOV €PYAciag VIO
OLLPOPETIKES TOPaPETPOVG EAEYYoL. [To cvykekpéva, ypnopomomdnKay avavVoLEG
UETPNOELS OO EVOL TPAYUATIKO SIOUEPIGIO KOTOKLMV TOV OMOTEAEITOL QIO L0l TOIKIATOL
acOntpov, vropétpov kot mepimov 5.668.878 avayvooelg (1,09 GB ocvvolikad).
[Ipodxertar yio Tpoypatikd cOVoAd SES0UEVOV OIKIGTIKMV dEG0UEVOV TTOL GLAAEYOVTOL
and 1o "Kévtpo [Iponyuéveov Meletav oe [pocappoopéva Xvotuata’ (CASAS) [22]
oto Washington State University otn XxoAn Hiektpordymv Mnyavikdv kot Emotiung
Ynoroyotdv. To CASAS e€umnpetel v KAALYT EPELINTIKOV OVAYKADV GYETIKA LLE TN
SOKIUN TV TEYVOAOYLDV YPNCLOTOIDOVTOS TPAYLATIKA dedopEVA HECH TNG XPNONG EVOS
¢Evmvov omttiov mov Ppioketan oty mavemioTnuovmoin WSU Pullman. To wpaypotico
GUVOAO JEOUEVOV TTPOYVOONG KalpoL amoktnonke ypnoonoimvrog to Weather API
otov ototomo tov OpenWeatherMap kot mepiéyet ~ 5 ypdvia (2012-2017) dedopévemv
VYNNG YPOVIKNG avaivong Phoel oplaimv HETPNCEDV SOPOPOV YOPUKTNPIOTIKOV
Kapov, Ommg Beppokpacio, vypacia, wieon aépa, TEPLYPAPN KOpov, KoTevhuven Kot

TaOTNTO OVELOV.
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2voio dedopévav Oeppokpaciog

Eivon éva ovoro dedopévav peyébovg 700 MB ko mepiéyet 3.555.238 avayvaocelg o€
devtepn Paon petald OktmPpiov 2013 ko AskepuPpiov 2016. Ot peTpnoelc, ol omoieg
KAToypaeovtol o€ €va oKIoTIKO dtopépiopo evog eBehovty eviilika, mepthappdvovv

petpnoels Beppokpaciog Kot aeOntipa toptag / mapaddpov.

2VoA0 0EO0NEVOV PMTOG

Eivon éva cvoro dedopévav peyébovg 416 MB ko mepiéyetl 2.113.640 avayvaocelg o€
devtepn Paon petald OktmPpiov 2013 ko AskepuPpiov 2016. Ot peTpnoelc, ol omoieg

KATOYPAPOVTOL GE OWKIOTIKO Olapépiopa evog eBehovty] evijlika, mepthappdvovv

LLETPNOELS PMOTOC.

2OVOA0 OEOOUEVMV TTPOYVOGTS KOLPOD

Eivon éva ovolo dedopévov peyéboug 71,23 MB kot mepiéyet 271.561 avoyvmoelg ova
opa petash OxktopPpiov 2012 kot Noegpppiov 2017. Ta wotopikd dedopéva Kopod eivar
dwbéopa yio 30 morelg tov HITA kon tov Kavadd, kabmg Kot yio 6 molelg tov lopana,
ocvumepthapfavouévng e Bepuokpaciag, g vypaciag, Tov aépa mieon, mePLypapn

KOpov, Kotehhuvon Kot ToyuTNTo oVELOL.

V00 0EO0NEVMV SLONEPIGRATOG

Eivor éva oOvolo dedopévov yia Evav ypNotn Tov KOTOKEL 6€ SIUEPICUE TO OTOi0
amoteAeiton amd £va LIVOd®uUATo, £va pumavio kot o kovliva. To dwapépiopa gival
ney£ovg 50 m?2, Sradétet po eviaio povada yia 0éppoven / yoén. To chvolo Sedopévav

éxet péyebog 1,09 GB.

2UV0A0 0EOONEVOV KATOKIOG

Etvon éva ohvoro dedopévmv Katolkiog mov OnovpyiinKke e TV ovomapoymyn, Ty
AVAUEIEN TOV LETPHGE®V KO TOV TOALATAAGIAGLO TOV TPOLYUATIKOD GUVOAOL OEOOUEVMV
(cvvolo dropepioparog) ent 4 popéc. H katoucio tvon peyédovg 200 m? kar amotekeitar

a6 3 vavodwudTio Kot 4 eviaieg povades yuo B€ppavon / woén.
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2UVOA0 OEOOUEVOV POLTNTIKAV ECTIAOV

Eivor éva oOvolo dedopévov yio po outnTikn €otio, to omoio €xel onuovpynOei
cuvleTiKd amd ta cOvoAd dedopévev bootstrap. AmoteAeitar and 50 Kort®VeS mOL
amotelovvTal and 6v0 vevodwpdtio (10 m? / dwpdtio) pe Kowvoypnoto Urdavio, kovliva
Kot 000 yoprotég povaoes. To cuvolikd péyeboc tov kottdvev givar tepimov 2000m?2

Kot T0 6GOVOAO dedopévav £xet néyebog 20 GB.

6.3 MeTpikég

Ov petpwcég [11] amotedodvion amd v katavdilwon evépyswg Fe, v exmounn
owoéewdiov tov dvBpaka Fr kon to cedipa evkoriog Fce kat o ypdvog enelepyaot Fr
OOV YpMNOIUOTOlEiTAL Vi cVUYKPlon ot peAétn omddoons. To Fr eivor o ypodvog
enefepyaciag mov omouteitol omd TOV EAEYKTN Y TNV €KTEAEOT NG Agttovpyiog
BedtioTomoinong Kot tov VToAoYiopd TG 5050V Yo GAOVG ToVg péTa-Kavoves. O HEcog
OPOC KO 1) TUTTIKT) OTOKALOT] TOV ATOTEAEGLATOV TOPOLGLALOVTOL LE YPAUUESG COAALATOG

o€ OAEG TIG TEWPAUATIKEG LEAETEG TOV aKOAOVOOVV, e BAoT OéKka ETOVOANYELS.

6.4 AhyoprOpor

2g 0T TNV LIOEVOTNTO AVOPEPOVTOL Ol AAYOPIBLOL TOL YPNCLOTOWONKAV Yo TV

TEPOUATIKY 0EOAOYNON.

6.4.1 AkyoprOpor NR kar MR

O aiyopiBuog No-Rule (NR) [11] ayvoel 6Aovg Tovg HETO-KOVOVES TOL Tivaka UETO-
KOVOVAOV KOl OEV TPOTOTOLEL TH CUUTEPIPOPE TOV OVTOVOU®V GLUCKELMOV. ATO TNV AAAN
0 akyopiBuog Meta-Rule (MR) [11] ayvoel v g&otkovounon KatavaAmong evEPYELNg

Kol eKTELEl OAOVG TOVG HETO-KAVOVEG LE OTANCTIO.
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6.4.2 A yoprOpog If-This-Then-That (IFTTT)

Avt| o aAydpiBpog exterel tovg kavoveg mpotiunoewv tomov IFTTT oto ocbvoro

dedopévev dapepiopartog kot vroroyilel to Fe kot to Fck.

IF THIS THEN THAT
Season Summer Set Temper. 25
Season Winter Set Temper. 20

Weather Sunny Set Temper. 20
Weather Cloudy Set Light. 22
Weather Sunny Set Light. 0
Weather Cloudy Set Temper. 40
Temperature >30 Set Temper. 23
Temperature <10 Set Temper. 24
Light Level >15 Set Light. 9
Door Open Set Light. 0

Ilivaxog 6.1 Kavoveg IFTTT [11]

6.4.3 AlyoprOpoc Energy Planner

Mo tov adyopBpo EP [11] €xer opiotel apBudg evepyomoinong / amevepyomoinong
kavévov oe ke emovainym (k), éva mocootd (1) e€owovounong kat o apluodg Tov

EMOVOAMYEDV (Tmax).

6.4.4 AlyoprOpog Green Planner

Mo tov adyopiBpo GP [21] éxer oprotel apiBuog evepyomoinong / amevepyomoinong
kavévov oe kB emovainym (k), éva mocootd (1) e€owovounong kat o apluodg Tov

EMOVOAMYEDV (Tmax).
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6.5 A&oroynon amddoong

Xg auThv TV vIoevotnta, aflodoyeite N amddoon Tov Tpotevdevoy mhatsiov EP kot
GP évavtt OAwv Tov adyopiBumv og 0o To. GOVoAd dedopévev Tov £yovv eloaydel, o€
GY£0T HE TNV KATAVAA®GON EVEPYELNG Ko TO GPAApa evKoAlag. To oyfua 6.2 deiyvel v
avtioTddpon petadd g kotavaioong evepyews (Fe), Tov cpdipatog evkoriag (Fck)
kot Tov xpovov ektéreonc s CPU (Fr) petaéd tov Bacikodv npoceyyicemv kot g EP,
eva o oynpa 6.3 delyvel v avtiotddpion petadd g katovilmong evépyetag (Fi), Tov
oc@aipatog evkoriog (Fce), v ekmount) CO2 (Fr) kot tov ypoévov ektéreong g CPU
(Fr) peta&d tov Pacwav npoceyyicemv kar e GP. H mpocéyyion NR anéktnoe to
xepotepo Fce = 62-72% ywo Oha ta. cOvora dedopévarv, o kaivtepo Fe = 0 kWh ko v
kaAvtepn ekmounn COz2. O akyopBpoc EP élafe éva evtvnwoiakd Fee mepinov 2-4% kot
t0 tpito youniotepo Fe. O aryopiBuog GP éhafe éva Fce mepimov 6.5-8%, to devtepo
younAdtepo FE ko m oebtepn pukpotepn exmouny CO2 petd v NR. Ot adydpiBuot
IFTTT & MR eglvor dnAnctor 6Gov agopd TNV KOTOVAA®GCT EVEPYELNS, ETOUEVMS M
katavaioon kWh kot n exkmounny CO2 tovg givan moAd vymAn. H xdpila dwopopd petaly
TtV 600 givan 011 10 IFTTT £€yer Fce = 26% oto dwapépiopa, Fce = 29% oty nepintwon
¢ xoatowiog kat Fce = 39% omv mepintowon tov gortntikev kottovev, evo 1 MR
Kavomotel OAOVG TOVG pETa-KOVOVEG, £T61 10 Fek Tov givar 0%, To onoto gtvat To kol tepo

ouvoTo.

O alyopBuog EP yio v mepintwon tov dtopepiopotog Katagepe v eE0IKOVOUNGEL £MG
kot 10% g evépyetlag, mov eivon mepimov 9500 kWh yio tov mpotipudpevo evepyetaxo
npobmoroyiopud twv 11000 kWh kot ya ta tpia ypdvia, pe Fee mov éptace oe Aoyikég
Tpeg tov  2-3%. Xtnv mepintmorn €vOG OMITION, O TPOTIUMUEVOS EVEPYELUKOG
TpobmoroyIoudc dopopeandnke oto 25500 kWh kot yuo to tpia ypdvie kot 1 EP
Katdeepe va emtvyet mepimov 22300 kWh, pe Fce mepimov 2-2,5%. Lty nepintmon tov
KOLTAOV®V, 0 TPOTIUADUEVOS TPOVTOAOYIGHOG eVEPYELS Olapopedinke ota 480.000 kWh
Kot yuo to Tpio ypdvia ko 1 EP katdoeepe va emtdyel mepimov 410.000 kWh, pe v tuq
tov Fce va gtavel tv Loyum T tov 2,5-3%. Edo eivar onpovtd vo mapoatnpndei, 6t
n opopd petatd tov MR kot tov EP 6cov apopd v xatavdilmon evépyelag, ivat

oxetikd vynAn kot ovykekpyéva ~5.000kWh ywo 10 oOvoAo dedopévev Tov
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Convenience Emar Fog (%)

=

2 8 & 8 B
| —

=

dwpepiopatoc, =10.000kWh yia to 6Ovoro dedopévmv katokiog kKot =150.000kWh yia

TO GUVOAO JESOUEVOV TOV QOLTNTIKMOV KOITAOV®V.

O aiyopBuog GP yio v mepintmon tov SopePIGHOTOS KATAPEPE VO, EE0TKOVOUNGEL MG
kot 10% g evépyetlag, mov eivon mepimov 9500 kWh yio tov mpotipuduevo evepyetaxo
npobmoroyiopud twv 11000 kWh kot ya ta tpia ypdvia, pe Fee mov éptace og Aoyikég
TpeEg tov 6.5-7% ko ekmounéc CO2 =3600 Kg. Xtmnv mepintwon evog omitiov, o
TPOTILMDUEVOG EVEPYELOKOS TPODTOAOYIGHOG dtapopemdnke ota 25500 kWh kot yo ta
tpia ypovia ko 1 GP katdeepe va emtdyet mepimov 22300 kWh, pe Fce nepimov 7-7,5%
kot ekmouneg CO2 =~8700 Kg. v mepintmon tov KOUTOVOV, 0 TPOTIUOMUEVOG
TPpoOTOAOYIGUOC evépyetag dlapopembnke ota 480.000 kWh kot ya Ta tpia ypdvia kot
n GP xotdoeepe va emtdyel mepimov 410.000 kWh, pe v tyun tov Fee va @téver v
Aoy Ty tov 7,5-8% kot exmounés CO2 =135,000 Kg. To koéctog avd kWh omnv
Kompo eivon 0.181 eupw [23], €101 0 TTivakag TTou akoAouBei pag deixvel TNV e§oikovounon

TWV XpNUATWY O€ OX£EON UE TO OPIO TTOU £XEI OPIOTEI.

Kotavaimon pe E&owovopnon
Tvmog Evepyeroké Opro
EP/GP Xpnparov
Awpépiopo 11000 kWh 9500 kWh 271.5 gvp®d
Koartowia 25500 kWh 22300 kWh 579.2 gvp®
Porntikég Eotieg 480000 kWh 410000 kWh 12,670 gvpw

Iivaxog 6.2 Eéoikovounon Xpnuatwv ue ypnon twv alyopiQuwmv

O tayvtepog ypovog extéreong emttevynke and v NR, kabdc aniog extelel Evav

VIOAOYIOUO GOAALOTOG OyVOMVTOG OAOVG TOVG Kavovee. H mpocéyyion avappiynong tov
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AO@ov ¢ EP, and v dAAn, avalntd to xdpo ANYns amopacemy yio. po Ao tov Ha
BeATioTOMOMGEL TNV AVEGT TOV XPNOTH Kot Ba IKOVOTOGEL TOV EVEPYELOKO TEPLOPIGHLO,
TOVTOYXPOVO, TOL &gfvor e oAV mo ypovoPopa dwdikacic. O aiydpiBuoc GP
YPNOCLOTOLEL TNV TPOCOUOIWUEVT] TTPOGEYYIOT avonTnong ovalntdviag po PEATIO
Abon vy tov ypnotn Aaupdvoviag vmoyn Tov TPOTIUDOUEVO TEPLOPIGUO  TOL
EMTPEMOUEVOD EVEPYELOKOD TPOVTOAOYIGHOV Kol TOV TEPLOPIoUO TV ekmounmv CO2,
emopévmg tvon 1 o ypovoPopa péBodoc. Téhog, ) drAnotn tpocéyyion tov MR eotidlet
puoévo oty ELYIGTONOINGT TOV GOAAUATOG EVKOALOG, TTOL oNUaivel TNV EKTELECT) OA®V
TOV PETO-KOVOVOV YOPIC EMAVIAAUPOVOUEVES O1UOIKOGIES | VTTOAOYIGUOVGS, 0poL FcE =

0%.
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2ynua 6.2 Acioroynon amoooans Green Planner [21]

6.6 XopumepaopoTO OO TNV TEPUNRATIKI] EQUPLOYT

Ot akyopBpot £xovv Katapépet va Letvouv evidg Tov evepyelakol otdyov mov €0cay ot
yxpNoteg Kot va yivel e€otkovounon 10% tng evépyeLag KpaTMVTOS TOVS YPNOTEG KATE 2-

8% un evyoapomuévovs. To ocpdipa gvkoMag Fce otoug adydpiBuovg Energy Planner
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kot Green Planner @tdvel ota 2-3% xot 6.5%-8% avtictoryo. Avtd onuaivel 0tt, ot
YPNOTEG UEVOLV OPKETE IKOVOTOMUEVOL YOPIG Vo EMNPEGCEL TOAD TNV EVKOAID OTNV
KaOnpeptvotNTO TOLG, OMANON OTL dlatnpovvTal Ot péTa-Kavoves mov £0ecav evd TO
gvepyelakod 0pio mov €0ecav dev Eemepdotnke. 'ETol KOATAAYOVLE GTO GUUTEPAGLOL TWG
01 0AYOPIOLOL £YOVV EKTANPDOGCEL LE EMLTVYIA TOV GTOYO TOV OECALE, TO VO LELWGOLVLLE TNV

KOTOVAA®ON EVEPYELOG KO TIG EKTTOUTES pimmV Oeppoknmiov.
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Kepaiaro 7

Yopunepdopata
71 ZUOPTEPAOILOT covvrrersarecsssrecsssresssssesssssesssssesssssssssssessssssssssssssssssssssssssssssssssssssnsssses 57
7.2 MELAOVTUKT] OOUVAELN cevrerunrecssaresssaressasesssnsessssssssssssssssssssssssssssssssnsssssnsssssssssssnsssses 58

7.1 Xvpnepdopata

AVOoKEQAANIOVOVTOS, OUTH 1 OWAMUATIKY g€pyacio &iye okomd tnv emilvomn tov
TPoPANUATOG TNG EMITELENG HAKPOYPOVIDV GTOY®OV eVEPYELNS o€ €va EEVTTVO KTNplo,
00TMG MOTE VO GUVEICPEPOVUE OeTIKE OTIC SAPOPES TPOCTADEIES TV YWPDOV VO
HELDOGOLY TNV KaTavAAlmon evépyelog Kot T peimon pirtov d1o&gdiov tov dvOpaka, yio
M peioon Tov eawvopévov tov Beppoknmiov. ['a v enilvon avtov ToV TPOPANHATOG
vAOTOWONKE TO TANIG10 KAVOV®V TPOTIUNGEMV Y1a EMITEVEN LAKPOYPOVI®DV CTOYWOV OTMG

1 GUVOAIKY] KOTAVAAMOT EVEPYELQG OE EVa EEVTTVO KTNP1O.

H viomoinon avtod tov mAaiciov copmeptiapfavet Ty viAomoinon tv alyopibuwy tov
GLGTNATOG PETA-KAVOVOVY 01001KTHOL TV Tpayudtov (IMCF). Apyucd peietidnkoy ot
Olapopot akydpiBpol texvnINg VONUOGHVNG TOV YPTCILOTOIOVVTOL GTOVS OAYOPIOOVG
Energy Planner ka1 Green Planner obtwg dote va emtevybel 1 koddtepn kotovonon
TOVG, KOG Kot kdmoleg EVTVEG GLOKEVEG Yo TIG omoieg Umopel vo. epapprooctel To
mhaico pog. Emiong 6mmg éxovv peietn el o poég avtopatiopod (RAW) kat to if-this-
then-that mov ypnowomomOnkav yw v vAomoinon v ddeopwv aiyopibumy. Ot
alyopifpol ktionkav BAcN TNG APYITEKTOVIKNG KOl EVOMUATOONKAY GTO OAOKANPOUEVO

cvotnua IMCF.
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Bdon tov dwpopwv mEPAUITOV Kol OTOTIUNCEOV TOV oAyopiBuwmv mov &ywvav,
KOTOANEQUE OTO CLUTEPAGHO OTL TO TANIGI0 TO OOl avamTOYONnKeE givol £vag KaAOG
TPOTOG Y10 EMITEVEN TOV LAKPOYPOVIOV GTOY®OV AT Kavovmv Tov pumopel va BEGouv ot
YPNOTES, aPov katapépape va emtoyovpe 10% peiwon oty katovilmon evépyelog
KPOTMVTOS TOLG YPNOTES OPKETA IKAVOTOUNUEVOLS KOODS TO0 c@AAL0 EVKOAMOG EPTACE
pévo oto 2-4% oty mepintwon ypnong tov aiyopibuov Energy Planner kot oto 7-8%
otV mepintmon ypriong tov aiyopibuov Green Planner. Amotéleoua avtod givor
EMITEVEN TOL GTOYOL UEIMONG KOTAVAAMOTNG EVEPYELNG KOt LEIMONG TNG EKTOUTNG piTmV

Beppokmnmiov.

7.2 MglhovTiKi| dovAerd

To mAaic10 EKTELEGNC KOVOV®V TPOTIUNCEMV £XEL AMOOELYTEL OG EVOG OTOSOTIKOG TPOTOG
vy peiowon g Kotavdlmong eveEpyelag kol Helmong Tov pimmv Tov doéewdiov Tov
avBpaxa. Q¢ ex to0TOV, 6T0 UEALOV TO TAOUGLO OVTO UTOPEl Vo €QAPUOCTEL GE €val
TPAYHOTIKO ELTVO KTNPLO PECH EVOMUATOONG 6€ EEVTTVES TAATQOPLES EvEPYOTOINONG
Kot vo peAetn0ovv ta Tpoypotikd oA Tov. Emiong oto mAaicto, pmopel va avamtuyel
10 CMC controller [11] to omoio pmopel va eAéyyet To mhaiclo péow gvog cloud, ya va
UTOpOoVV 01 YPNOTES VO TO YPNOULOTOOVV EKTOC TOV TPOCSHOTIKOV OIKTVOV TOLG. AKOUO
610 péALov umopet va pedetnBotv péBodot avayvapiong poOPTov EPYACig Yo GUCKEVES
OV KOTOVOADVOLV EVEPYELD KOl TAOC VO OVOTPOYPOUUOTIOTOOV HE OIMKO TTPOS TO

nepaiiov TpoTO.
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Hopaptnpa A

210 mopdpTnUe ovTOd TOPAOETETE O OAOKANPOUEVOS KOJKAG TV oAyopiBumv tov

TANLGTOV

eKTEAEONG KavOVmV, TOL VAomombnkav ota mAaicle G TApovGOC

OUTAMUOTIKNG EPYOCIOG.

importData.java

import
import
import
import
import
8 import
import

S, T RSV Ry

r }

package lotprojectpackage;

java.io.BufferedReader;
java.io.File;
java.io.FileWriter;
java.io.InputStreamReader;
Java.net.*;
java.util.ArrayList;
java.util.Scanner;

ArrayList<String[]» IotData = new ArrayList<String[]>();
ArrayList<String[]>» IFTTrules = new ArrayList<String[]1>();
ArrayList<String[]> MRTrules = new ArrayList<Stringl[l]>():
String pathIFTTrules;

String pathMRTrules;

String pathIoTdata;

= public importData(String mrtpath, String IFTTpath, String pathData) {

pathIFTTrules = IFTTpath;
pathMRTrules = mrtpath;
pathIoTdata = pathData;

= public void get updated MRTrules() {

String urlString =
try {

StringBuilder result = new StringBuilder();

URL url = new URL({urlString);

HttpURLConnection conn = (HttpURLConnection) url.openConnection() ;
conn.setRequestMethod ("G "y,

conn.connect () ;

int responsecode = conn.getResponseCode()

if (responsecode I= VR |
throw new RuntimeExcepticon(” " + responsecode) ;
} else {
BufferedReader br = new BufferedReader (new InputStreamReader (conn.getInputStream()));
String line;
while ((line = br.readLine()) != null) {

result.append(line) ;

br.close() ;
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o

result.deleteCharAt (result.length() - 1);
result.deleteCharAt (0) ;

String[] stemp = result.toString() .split("}");
StringBuilder stringbld = new StringBuilder () ;

=] for (String s : stemp) {
s = s.replace("(", "");
s = s.replace("\"", "");
String stemp2[] = s.split(”,");
= for (String sl : stemp2) {

// System.out.println(sl);

String stemp3[] = sl.split(":");

if (stemp3[0].equals("tim=")) {
if (stemp3[1].

[ T I T T T R R T T B BT RN
Wwom @ W R

a
=
THI

63 stringbld.

64 stringbld.append (" |");

65 } else {

(1] stringbld.append(stemp3[.]);

67 stringbld.append(”:");

8 stringbld.append(stemp3[2]) ;

€9 stringbld.append(”:");

70 stringbld.append(stemp3[3]);

71 stringbld.append (" ") ;

72 - }

73 } else if (stemp3[0].equals("acticn™)) {
74 stringbld.append(stemp3[1]) ;

75 stringbld.append(” ") ;

76 } else if (stemp3[C].eguals("valu=")) {
77 stringbld.append(stemp3[.]) ;

8 stringbld.append(”|");

79 stringbld.append(stemp3[1]);

80 stringbld.append(”\n") ;

81 }

82 }

8 // System.out.println(s);

5 r }

] // System.ocut.printlni(stringbkld);

7 FileWriter myWriter = new FileWriter (pathMRTrules) ;
8 myWriter.write ("TIME| TEMPER./LIGHT FROM TO ')
9 B myWriter.write(

-

(¥

myWriter.write(stringbld.toString(}):;
myWriter.closel() ;

1D WD W W W WD MmO
T

o B W
T
-

97 } catch (Exception e) {

98 e.printStackTrace() ;

99 System.out.println(e.getMessage()) ;

100 r }

101

102 L }

103

104 2 public void get_updated MRTrules GP() {

105 // call api for data for location and date of today

106 // put in dame structure as data I already have

107 // put date and T105 and the value of temp the other put whatever
108 // First store in text file and then import them like before

109 // String API_KEY = "c5c€l330eca67b966249e£f80724111a6";

110 // String LOCATION = "Limassol,CY

111 String urlString = "http://10.16 imcfgp/api/get-metarules™;
112

113 O try {

114

115 StringBuilder result = new StringBuilder();

116 URL url = new URL({urlString);

117 HttpURLConnection conn = (HttpURLConnection) url.openConnection() ;
118 conn.setRequestMethod ("GET") ;

118 conn.connect () ;

120 int responsecode = conn.getResponseCode();

121 & if (responsecods 200y A

122 throw new RuntimeException("HttpResponseCode: " + responsecode) ;
123 } else {

124 BufferedReader br = new BufferedReader (new InputStreamReader (conn.getInputStream()));
125 String line;

126 o while ((line = br.readLine()) != null) {

127 result.append(line);

128 L }

129

130 br.close();

131

132 result.deleteCharat (result.length() - 1);

133 result.deleteCharat (U) ;

134 String[] stemp = result.toString().split("}");

135 StringBuilder stringbld = new StringBuilder() ;

136

137 & for (String s : stemp) {

138 s = s.replace("{ "y

139 s = s.replace(” A I

140 String stemp2[] = s.split(",");

141 o for (String sl : stemp2) {

142 // System.out.println(sl):

143 String stemp3[] = sl.split(":");

144 if (stemp3[0].equals("time")) {
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145 © if (stemp3[.].equals("kWh")) {

l4e stringbld.append ("kWh") ;

147 stringbld.append(” ") ;

148 } else {

149 stringbld.append(stemp3[1]1);
150 stringbld.append(":");

151 stringbld.append (stemp3[”1) ;
152 stringbld.append(”:");

153 stringbld.append(stemp3[3]) ;
154 stringbld.append (" ") ;

155 r }

156 } else if (stemp3[U].equals("action™)) {
157 stringbld.append(stemp3[1]);

158 stringbld.append(”|");

159 } else if (stemp3[U].equals("valu=")) {
160 stringbld.append(stemp3[]);

161 stringbld.append(”|") ;

162 stringbld.append(stemp3[1]);

163 stringbld.append(”\n") ;

le4 L }

165 I }

166 // System.out.println(s);:

167

168 }

169 // System.out.println(stringbld);

170 FileWriter myWriter = new FileWriter {pathMRTrules) ;
171 myWriter.write("TIME| TEMPER./LIGHT FROM TO \n");
172 o myWriter. write(

173 F e
174

175 myWriter.write(stringbld.toString());

176 myWriter.close () ;

177

178 L }

179

180 } catch (Exception e) {

181 e.printStackTrace() ;

182 System.out.println(e.getMessage());

183 * }

184

L e }

186

187 © public void import IoT data() {

188

189 int counter = 0;

190 String line;

191

192 // Read the file and display it line by line.

193 File file = new File(pathIoTdata);

194

185 [ try {

196 System.out.println("Importing Data:\t” + file.getName());
197 long startime = System.nanoTime();

198 Scanner inputFile = new Scanner(file);

199 // loop through every line

200

201 o while (inputFile.hasNextLine()) {

202 line = inputFile.nextLine();

203 // string[] col = line.split(™|");

204

205 String temp[] = new String[7];

206 H if (counter > 1) {

207 String[] col = line.split("\\|");

208 temp[0] = col[0].trim();

209 temp[l] = col[1].trim();

210 temp[2] = 2] .txim{() ;

211 temp[3] = col[3].trim();

212 temp([4] = col[4].trim();

213 temp[5] = col[=].trim();

214 temp[6] = col[&].trim() ;

215

216 IotData.add({temp); // fills a list with all the input IoT data
217 r }

218

2119 countexr++;

220 F } // end of while loop

221

222 inputFile.close() ;

223

224 long finishtime = System.nanoTime () - startime;

225 System.out.println("Tmport Completed!”) ;

226 system.out.println("Import Dataset Time:\t" + finishtime / 1000000 + "ms");
227 } catch (Exception e) {

228 System.out.println("Error with Import of TIoT data."”);
229 System.out.println(e);

(S }

231

232 System.out.println("Number of records imported: " + IotData.size());
233

234 5 }

235

236 H public void import IFTTT rules() {

237 int counter = 0;

238 String line;

239

240 // Read the file and display it line by line.
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File file = new File(pathIFTTrules) ;

System.out.println("Importing IFTT Rules:'t" + file.getName()):

try {
long startime

System.nancTime () ;
new Scanner (file);

Scanner inputFile =

// loop through every line

while (inputFile_ hasNextLine())

{

line = inputFile.nextLine();
String[] col =

String temp[] =

line.split (" \\|");

new String[Z];

if (counter > 1)

temp[0] = col[0].trim();
temp[l] = col[l].trim();
temp[2] = col[5].trim();
temp[3] = col[3].trim();
temp[4] = col[€].trim();
temp[S5] = col[7].trim();
temp[€] = col[S].trim();
temp[7] = col[Z].trim();
IFTTrules.add(temp) ;

} // end of inner while loop

counter++

;

} // end of outer while loop
long finishtime

System.out.println("Imp

= System.nanoTime () - startime;

rt Completed!™);

System.out.println("Import IFTT rules Times:\t" + finishtime /
inputFile.close() ;
System.out.printf("There were %d lines.\n", counter);
} catch (Exception =) {

System.out.println("Ex

System.out.println(e);

}

// return IFTTrules;

public void import MRT rules() {

int counter = 0;
String line;

ith Import of IFTT rules.");

// Read the file and display it line by line.

File file = new File(pathMRTrules) ;
System.out.println("Ir

try {
long startime

System.nanoTime () ;

rting MRT Rules:\t" + file.getName());

[ O O SR SR SR SR R}
WW W W W W0 W00 WO
5]

Wm0 W

307
308
309
310

311

Scanner inputFil,

e

= new Scanner (file) ;

// loop through every line

while (inputFile.hasNextLine()) {

line = inputFile.nextLine();
line.split ("\\1");

String[] col

String temp[
if (counter

temp [0]
temp[']
temp[Z]
temp[Z]

} // end of
counter++;

1
>

if

= new String[4];

aHd

col[0].trim();
col[2].trim() ;
col[3].trim() ;
col[l].trim() ;
MRTrules.add(temp) ;

} // end of while loop

long finishtime

System.out.println(”
System.out.println(

inputFile.close(

)

System.nancTime ()
rt Completed!™);

ort MRT rules

- startime;

Time:\t" + finishtime /

System.out.printf("There were %d lines.\n", counter);
} catch (Excepticn e) {

System.out.println("Error

System.out.println(e) ;

}

ith T

}// END OF - Meta-rule Config SCENARIO 2

public ArrayList<String[]> getIctData() {

}

return IotData;

rt of MRT rules.™);

public ArrayList<String[]> getIFTTTrules() {

}

public ArrayList<String[]> getMRTrules() {

}

return IFTTrules;

return MRTrules;
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nolFTT.java

package iotprojectpackage;

import java.io.FileWriter;
import java.math.RoundingMode;
import java.text.DecimalFormat:
import java.util.Arraylist;

Bpublic class noIFTT {

private static Arraylist<string[]> IotData = new ArrayList<String[l>();

private ArrayList<String[]> IotDatal = new arrayList<string[l>(); // for use in nol
private ArraylList<Strings TemplotData = new Arraylist<Strings();

private static Arraylist<String[]> IFTTrules;

private sta ArraylList<5tring[]> MRTrules;

private String errorline = "":

private double formaliseMaxBrror =

17 private String pathNoIFTTresults;

0

B public nolfPTT(ArrayList<string[]l> ifttrules, Arraylist<String[]> mrtrules, ArrayList<string[]> data,
(1] String pathForResulrs) {
2 IFTTrules = new ArrayList<String([]>(ifttrules):
MRTrules = new ArrayList<String[]>(mrtrules);
IotData = new ArrayList<String[]>{data);
pathNoIFTTresults = pathForResults;
)

public void printLine(string[] array) {
int length = array.length;

int count = 0;

for (String temp : array) {

if (count == length - 1) {
System.out.println{temp) ;
1 else {
System.out.print (cemp + "|");

a7 E:nunr.-d--i-;
3@ }
=1
an
41 [0 public String makeDataline{String[] array) {
42 string s = "";
43 string seperator = " |";
44 int count = 0;
15 int length = array.length;
46
47 for (String temp : array) |
43 O if (count == length - 1) {
49 s = s.concat (temp) ;
50 } else {
51 5 = s.concat (temp) ;
52 5 = s5.concat (seperator) ;
53 - }
54 count++;
55 | }
56
57 return s;
58 o}
59
60 // returns formaliseMaxError value
61 B public double method() {
62
63 String listRanges[][] = MRTrules.toRArray(new String[0][]);
64
65 double dTotalError = 0
66 double dTempError = 0;
67 double dLineError = 0;
68
69 long startime = System.nanoTime () ;
70 double maxError = 0;
71 double minError = 100;
72 boolean errorFound = false;
13 int errorCounter = 0;
74
75 int line = 0;
76 H try {
17 E
78 H for (int i = 0; i < IotData.size(); i++) {
79 // gets the total record line error in regards of all the ranges
80 dLineError = (;
81
52 © for (int k = 0; k < listRanges.length; k++) {
83 String[] rangessSplitted = listRangesl[k];
84 errorLine = makeDataline (IotData.get(i));
85
86 String[] IotDataSplitted2 = IotData.get(i);
87 // gets T for temperatures
88 H if (IotDataSplitted2[2].startsWith("T")) {
89
90 // checks time and temperature and if season is empty
91




Yl
92 if ({!(rangesSplitted[0].equals("SUMMER")} || !(rangesSplitted[0].eguals ("WINTER")))
93 && (rangesSplitted[3].equals({"TEMPER."))) {
94
95 H if ((Double.parseDouble(IotDatasSplitted2[0].substring(ll, 13)) >= Double
96 .parseDouble (rangesSplitted[(].substring(l, 2))
97 && Double.parseDouble (IotDataSplitted2[0].substring(.., 13)) <= Double
98 - .parseDouble (rangessplitted[0].substring(c, ©8)))
1] && Double.parseDouble(IotDataSplitted2[3]) >= Double.parseDouble (rangesSplitted[!])
100 && Double.parseDouble (IotDataSplitted2[2]) <= Double
101 .parseDouble (rangesSplitted[21)) {
102 IotData3.add(IotData.get(i));
103 // its already on the list no need to add it twice
104 break;
105
106 } else {
107 // assigns TOTAL ERROR AND CURRENT RECORD ERROR
108 H if (Double.parseDouble (IotDataSplitted2[2]) < Double.parseDouble(rangesSplitted[1])) {
109 dTotalError += Double.parseDouble (rangesSplitted[.])
110 - Double.parseDouble (IotDataSplitted2[2]);
111 dLineError += Double.parseDouble (rangesSplitted[1])
112 - Double.parseDouble(IotDataSplitted2[3]);
113 TempIotData.add (makeDataline (IotData.get (1)) + "| Er " 4+ dLineError) ;
114 H if (dLineError > maxError) {
115 maxError = dLineError;
116 }
117 © if (dLineError < minError) {
118 minError = dLineError;
IS - }
120 errorFound = true;
121 } else if (Double.parseDouble(IotDataSplitted2[3]) > Double
122 .parseDouble (rangesSplitted[2])) {
123 dTotalError += Double.parseDouble (IotDataSplitted2[2])
124 - Double.parseDouble (rangesSplitted[2]);
125 dLineError += Double.parseDouble(IotDataSplitted2[3])
126 - Double.parseDouble (rangesSplitted[2]) ;
127 TempIlotData.add (makeDataline (IotData.get (1)) + "| Er " + dLinsError) ;
128 H if (dLineError > maxError) {
129 maxError = dLineError;
130 1
121 H if (dLineError < minError) {
132 minError = dLineError;
133 o }
134 errorFound = true;
135
136 | }

}

if (((rangesSplitted[0].equals("SUMMER")) || (rangesSplitted[(U].equals{"WINTER"}))
&& (rangesSplitted[3].equals ("TEMPER."))) {
int iSeason = Integer.parselnt(IotDataSplitted2[0].substring(5, 7)});

// checks if SUMMER
if ({(iSeason == &) || (iSeason == 7) || {iSeason == ©)) {
if (Double.parseDouble {IotDataSplitted2[3]) »= Double.parseDouble(rangesSplitted[1])
&& Double.parseDouble (IotDataSplitted2[3]) <= Double
.parseDouble (rangesSplitted[2])) {
IotData3.add(IotData.get(i));
// its already on the list no need to add it twice
break;
else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (Double.parseDouble(IotDatasplitted2[3]) < Double
.parseDouble (rangesSplitted[1]))} {
dTotalError += Double.parseDouble (rangesSplitted[l])
- Double.parseDouble (IotDataSplitted2[3]);
dLineError += Double.parseDouble {(rangesSplitted[.])
- Double.parseDouble (IotDataSplitted2[3]);
TempIotData.add(makeDataline (IotData.get(i}) + "| Er
if (dLineError > maxError) {
maxError = dLineError;
1
if (dLineError < minError) {
minError = dLineError;
}

errorFound = true;

" + dLineError) ;

else if (Double.parseDouble{IotDataSplitted2[3])} > Double
.parseDouble (rangesSplitted[2])) {
dTotalError += Double.parseDouble (IotDataSplitted2[3])

- Double.parseDouble (rangesSplitted[2]);
dLineError += Double.parseDouble(IotDataSplitted2[3]}

- Double.parseDouble (rangesSplitted[2]);
TempIlotData.add(makeDataline (IotData.get(i)) + "| E
// break;
= if (dLineError > maxError) {

maxError = dLineError;
}

if (dLineError < minError) {

fu
~1
=

" + dLineError);




errorFound = true;

}

}

// checks if WINTER

else if ((iSeason == 12) || {(iSeason == 1) || {iSeason == 2)) {
if (Double.parseDouble (TotDataSplitted2[3]) >= Double.parseDouble (rangesSplitted[1])
&& Double.parseDouble(IotDataSplitted2[2]) <= Double

.parseDouble (rangesSplitted[2]1)) {

IotDatal3.add(IotData.get(i)) ;

// its already on the list no need to add it twice

break;

else {

if (Double.parseDouble(IotDataSplitted2[3]) < Double
.parseDouble (rangesSplitted[.]1)) {
dTotalError += Double.parseDouble (rangesSplitted[l])
- Double.parseDouble(IotDatasSplitted2[2]);
dLineError += Double.parseDouble (rangesSplitted[l])
- Double.parseDouble{IotDataSplitted2[3]1);
TempIotData.add (makeDataline (IotData.get(i)) + "| E
// break;
if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}

errorFound = true;

" 4+ dLineError);

else if (Double.parseDouble (IotDataSplitted2([3]) > Double
.parseDouble (rangesSplitted[2])) {
dTotalError += Double.parseDouble (IotDataSplitted2[2])
- Double.parseDouble (rangesSplitted[2]) ;
dLineError += Double.parseDouble (IotDataSplitted2[2])
- Double.parseDouble{rangesSplitted[2]) ;
TempIotData.add (makeDataline (IotData.get(i)) + "
if (dLineError > maxError) {
maxBError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

" 4+ dLineError);

}

if (IotDataSplitted2[2].startsWith("Ls")) // gets LS for light sensor
§
if (rangesSplitted[3].equals{"LIGHT")) {
if ((Double.parseDouble(IotDataSplitted2[0].substring(ll, 13)) >= Double
.parseDouble (rangesSplitted[0] .substring(0, 2))
&& Double.parseDouble (IotDataSplitted2[0].substring(ll, 13)) <= Double
.parseDouble (rangesSplitted[0].substring(s, 5)))
&& Integer.parselnt(IotDataSplitted2[3]) >= Integer.parselnt(rangesSplitted[l])
&& Integer.parseInt(IotDataSplitted2[3]) <= Integer.parselnt(rangesSplitted[2])) {
IotData3.add (IotData.get(i}) ;
// its already on the list no need to add it twice
break;
else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (Double.parseDouble (IotDataSplitted2[3]) < Double.parseDouble(rangesSplitted[11)) {
dTotalError += Double.parseDouble (rangesSplitted[1])

- Double.parseDouble (IotDatasSplitted2[3]);
dLineError += Double.parseDouble(rangesSplitted[1]}

- Double.parseDouble (IotDataSplitted2[3]);
TemplotData.add (makeDataline (IotData.get(i)) + "
// break;
if {(dLineError > maxError) {

maxError = dLineError;

" 4+ dLineError) ;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

else if (Double.parseDouble(IotDataSplitted2[3]) > Double
.parseDouble (rangesSplitted[2]1)) {
dTotalError += Double.parseDouble (IotDataSplitted2[3])
- Double.parseDouble (rangesSplitted[2]) ;
dLineError += Double.parseDouble{IotDataSplitted2[3])
- Double.parseDouble (rangesSplitted[2]) ;

TemplotData.add {makeDatalLine {IotData.get (i)} + "| E " 4+ dLineError) ;
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275 E if (dLineError > maxError) {
276 maxError = dLineError;
277 }
278 ©H if (dLineError < minError) {
279 minError = dLineError;
280 E }
281 errorFound = true;
282
283 E }
284 = }
285 = }
286
287 ©H if (rangesSplitted[3].equals("SUNNY")) {
88 E if ((Double.parseDouble (IotDataSplitted2[0].substring(ll, 13)) >= Double
89 .parseDouble (rangesSplitted[7].substring (0, 2))
290 && Double.parseDouble(IotDatasSplitted2[0].substring(ll, 13)) <= Double
291 E .parseDouble (rangesSplitted[0].substring (o, £)))
292 && Integer.parselnt(IotDatasSplitted2[3]) »>= Integer.parselnt(rangesSplitted[l])
293 && Integer.parselnt(IotDatasSplitted2[:]) <= Integer.parselnt(rangesSplitted[2]1)}) {
294 IotData3.add(IotData.get(i));
295 // its already on the list no need to add it twice
296 break;
297 } else {
298 // assigns TOTAL ERROR AND CURRENT RECORD ERROR
299 H if (Double.parseDouble (IotDataSplitted2[3]) < Double.parseDouble(rangesSplitted[11)) {
300 dTotalError += Double.parseDouble (rangessSplitted[1])
301 - Double.parseDouble (IotDataSplitted2([3]);
302 dLineError += Double.parseDouble (rangesSplitted[l])
303 - Double.parseDouble (IotDataSplitted2[3]);
304 TempIotData.add(makeDataLine (IotData.get(i)) + " E " 4+ dLineError) ;
305 H if (dLineError > maxError) {
306 maxError = dLineError;
307 E }
308 © if (dLineError < minError) {
309 minError = dLineError;
310 = }
311 errorFound = true;
312
313 } else if (Double.parseDouble (IotDataSplitted2([3]) > Double
314 .parseDouble (rangessSplitted[2])) {
315 dTotalError += Double.parseDouble (IotDataSplitted2([3])
316 - Double.parseDouble (rangesSplitted[2]);
317 dLineError += Double.parseDouble (IotDatasSplitted2([3])
318 - Double.parseDouble (rangesSplitted[2])
319 TempIotData.add(makeDataline (IotData.get(i)) + "| & " 4+ dLineError) ;
320 é if (dLineError > maxError) {
321 maxError = dLineError;
BN | }
323 © if (dLineError < minError) {
324 minError = dLineError;
325 - }
326 errorFound = true;
327
328 - }
. 1
330 L }
331
332 @ if (rangesSplitted[3].equals("CLoUuDY")) {
333 E if ((Double.parseDouble(IotDataSplitted2[0].substring(ll, 13)) >= Double
4

.parseDouble (rangesSplitted[0] .substring(0, 2))
&& Double.parseDouble (IotDataSplitted2[0].substring(.l, 13)) <= Double
- .parseDouble (rangesSplitted[0] .substring(c, =)))

33 && Integer.parseInt(IotDataSplitted2[3]) »>= Integer.parselnt(rangesSplitted[l])
338 && Integer.parseInt(IotDataSplitted2[3]) <= Integer.parselInt(rangesSplitted[?])) {
339 IotData3.add(IotData.get(i));

340 // its already on the list no need to add it twice

341 break;

342 } else {

343 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

344 @ if (Double.parseDouble(IotDataSplitted2[2]) < Double.parseDouble (rangesSplitted[.1)) {
345 dTotalError += Double.parseDouble (rangesSplitted[1])

346 - Double.parseDouble (IotDataSplitted2[3]);

347 dLineError += Double.parseDouble (rangesSplitted[1])

348 - Double.parseDouble (IotDataSplitted2[3]);

349 TempIotData.add(makeDataline (IotData.get(i)) + "| E " + dLineError) ;

= if (dLineError > maxError) {
maxError = dLineError;

B }

=) if (dLineError < minError) {
minError = dLineError;

E }

(3 errorFound = true;

else if (Double.parseDouble{IotDataSplitted2[2]) > Double
.parseDouble (rangesSplitted[2])) {

360 dTotalError += Double.parseDouble (IotDataSplitted2[3])

36l - Double.parseDouble (rangesSplitted[2]);

362 dLineError += Double.parseDouble (TotDataSplitted2[3])

363 - Double.parseDouble (rangesSplitted[2]) ;

364 TempIlotData.add (makeDataline (IotData.get(i)) + "| E " + dLineError) ;
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365 E if (dLineError > maxError) {

366 maxError = dLineError;

367 }

368 B if (dLineError < minError) {

369 minError = dLineError;

370 }

371 errorFound = true;

372

373 }

374 }

SN }

376

377 O if (rangesSplitted[3].equals("DOOR OPEN-LIGHT")) |

378 g if ((Double.parseDouble(IotDataSplitted2[0].substring( 1, 13)) >= Double

379 .parseDouble (rangesSplitted[0] .substring(0, 2})

380 && Double.parseDouble (IotDataSplitted2[0].substring(ll, 13)) <= Double
381 - .parseDouble (rangesSplitted[0].substring(c, 2)))

382 && Integer.parselnt(IotDataSplitted2[2]) >= Integer.parselnt(rangesSplitted[l])
383 && Integer.parselnt(IotDataSplitted2[3]) <= Integer.parselnt(rangessSplitted[2]1)) {
384 IotData3.add(IotData.get(i));

385 break; // its already on the list no nesd to add it twice

386 } else {

387 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

388 H if (Double.parseDouble (IotDataSplitted2[3]) < Double.parseDouble(rangesSplitted[l]1)) {
389 dTotalError += Double.parseDouble (rangesSplitted['])

390 - Double.parseDouble (IotDatasplitted2([2]) ;

391 dLineError += Double.parseDouble (rangesSplitted['])

392 - Double.parseDouble (IotDataSplitted2[2]) ;

393 TempIotData.add(makeDataline (IotData.get(i)) + "| Error: " + dLineError);
354 B if (dLineError > maxError) {

395 maxError = dLineError;

396 }

397 H if (dLineError < minError) {

398 minError = dLineError;

EEE. }

400 errorfFound = true;

401

402 } else if (Double.parseDouble (IotDatasSplitted2[2]) > Double

403 .parseDouble (rangesSplitted[2]))

404 dTotalError += Double.parseDouble (IotDataSplitted2[3])

405 - Double.parseDouble (rangesSplitted[2]) ;

406 dLineError += Double.parseDouble (IotDataSplitted2[3])

407 - Double.parseDouble (rangesSplitted[2]) ;

408 TempIotData.add(makeDataline (IotData.get(i)) + "| Error: " + dLineError);
408 @ if (dLineError > maxError) {

maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

errorFound = true;

}

if (errorfound == true) {
errorCounter = errorCounter +
errorfound = false;

)
} catch (Exception ex) {
System.out
.println("error first(comparison data with meta-range rules): " + errorlLine + ", error msg: " + ex);

// save formalized max error
formaliseMaxError = maxError;

dTotalError = dTotalError * 10;

DecimalFormat df = new DecimalFormat ("#.##é¢
df . setRoundingMode {(RoundingMode . CEILING) ;

Error: " + Math.round((dTotalError) / formaliseMaxError};
" 4 df.format({maxError) * / formaliseMaxError) + "%";
" + df.format ((minError) * / formaliseMaxError) + "%";

String 1blErrorl =
String labeléd =
String labelS9 =

Double averageErrorTotal = Double parseDouble (df. format ( (dTotalError / IotData.size()))):
String label7l = "Total Ave Error: " + df.format((averageErrorTotal * ) / formaliseMaxError) + "%";

TempIotData.clear();
IotDatal.clear();




455 System.out.println(lblErrorl);

456 System.out.println(label60);

457 System.out.println(label59);

458 // System.out.println(labelS8):;

459 System.out.println(label7l);

460 ‘(‘o‘ litlillitllsecand runill!ltiilll'ill

461

462 Double meansSum = (.07

4€3 maxError = 0;

464 minError = 100;

465 dTotalError = 0;

466 dTempError = 0;

487

468 | try {

469

470 for (int i = 0; i < IotData.size(); i++) (

471 for (int k = 0; k < listRanges.length; k++) {

472 Stringl[] rangesSplitted = listRanges[k]:

473

474 errorLine = makeDataline(IotData.get(i));

475

476 String[] IotDataSplitted2 = IotData.get(i);

477

478 if (IotDataSplitted2[Z].startsWith("T"}) // gets T for temperatures
479 {

480 // checks time and temperature and if season is empty

481 if ((!{rangesSplitted([(].equals("SUMMER")) || !{rangesSplitted(0].equals ("WINTER"}))
482 && (rangesSplitted[Z).equals("TEMFER."))) {

483 if ((Double.parseDouble(IotDataSplitted2(0].substring(ll, 13)) >= Double
484 .parseDouble (rangesSplitted[(] .substring(0, 2))

485 && Double.parseDouble (IotDataSplitted2([(].substring(ll, 13)) <= Double
486 .parseDouble (rangesSplitted[0]).substring(c, 9)))

487 && Double.parseDouble (IotDataSplitted2([:]) >= Double.parseDouble (rangesSplitted(l])
488 && Double.parseDouble(IotDataSplitted2([3]) <= Double

489 .parseDouble (rangessSplitted[2])) {

4a0 IotData3.add(IotData.get(i));

491 break; // its already on the list no need to add it twice

492 )} else {

4493 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

494 B if (Double.parseDouble(IotDataSplitted2([2)) < Double.parseDouble (rangesSplitted([1])) {
495 TempIotData.add(makeDataLine (IotData.get(i)));

496 dTotalError += Double.parseDouble(rangesSplitted([l])

497 - Double.parseDouble(IotDataSplitted2(2]);

498 dTempError = Double.parseDouble (rangesSplitted[1])

495 - Double.parseDouble (IotDataSplitted2([i]);

500 break;

501 } else if (Double.parseDouble(IotDataSplitted2(]) > Double
502 .parseDouble (rangesSplitted[2])) {

503 TempIlotData.add (makeDataline (IotData.get(i)));

504 dTotalError += Double.parseDouble (IotDataSplitted2([2])

505 - Double.parseDouble (rangesSplitted[2]);

506 dTempError = Double.parseDouble (IotDataSplitted2[2])

507 - Double.parseDouble (rangesSplitted(2]);

508 break;

509 }

510

511 }

512 1

513

514 H if ({(rangesSplitted[0].equals("SUMMER")) || (rangesSplitted[0].equals("WINTER"}))
515 && (rangesSplitted([3].equals("TEMPER."))) {

516 int iseason = Integer.parselnt(IotDataSplitted2[0].substring(5, 7)):
517

518 // checks if SUMMER

519 g if ((iSeason == ¢) || (iSeason == 7} || (iSeason == 5)) {

520 if (Double.parseDouble (IotDataSplitted2([3]) >= Double.parseDouble (rangesSplitted([l])
521 && Double.parseDouble (IotDataSplitted2([:]) <= Double

522 .parseDouble {rangesSplitted([2])) (

523 IotData3l.add(IotData.get(i));

524 break; // its already on the list no need to add it twice
525 } else {

526 // assigns TOTAL ERRCR AND CURRENT RECORD ERROR

527 Ej if (Double.parseDouble (IotDataSplitted2([3]) < Double

528 .parseDouble (rangesSplitted[1])) {

529 TempIotData.add (makeDataline (IotData.get(i)));

530 dTotalError += Double.parseDouble (rangesSplitted[!])

531 - Double.parseDouble (IotDataSplitted2([3]);

532 dTempError = Double.parseDouble (rangesSplitted[!])

533 - Double.parseDouble(IotDatasSplitted2[2]);

534 break;

535 } else if (Double.parseDouble(IotDataSplitted2[:]) > Double
536 .parseDouble (rangesSplitted[2])) {

537 TempIotData.add (makeDataline (IotData.get(i)));

538 dTotalError 4= Double.parseDouble (IotDataSplitted2[:])
539 - Double.parseDouble (rangesSplitted(2]);

540 dTempError = Double.parseDouble (IotDataSplitted2[:])

541 - Double.parseDouble (rangesSplitted([2]);

542 break;

543 |- }

544 | ]
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545 ]

546 // checks if WINTER

547 else if ((iSeason == 12) || (iSeason == !) || (iSeason == 2)) {

548 E if (Double.parseDouble (IotDataSplitted2[2]) >= Double.parseDouble(rangesSplitted([l])
549 && Double.parseDouble (IotDataSplitted2[?]) <= Double

550 .parseDouble (rangessSplitted[2])) {(

551 IotData3.add(IotData.get(i));

552 break; // its already on the list no need to add it twice

553 } else {

554 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

555 A if (Double.parseDouble(IotDataSplitted2[3]) < Double

556 .parseDouble (rangesSplitted[1]1)) {

557 TempIotData.add(makeDataline(IotData.get(i}));

558 dTotalError += Double.parseDouble (rangesSplitted([1])

559 - Double.parseDouble (IotDataSplitted2(2]);

560 dTempError = Double.parseDouble (rangesSplitted(l])

561 - Double.parseDouble (IotDataSplitted2([2]);

562 break;

563 } else if (Double.parseDouble(IotDataSplitted2[3]) > Double

564 .parseDouble (rangesSplitted[2])) {

565 TempIotData.add(makeDataLine (IotData.get(i)});

566 dTotalError += Double.parseDouble (IotDataSplitted2(3])

567 - Double.parseDouble {rangesSplitted([2]);

568 dTempError = Double.parseDouble (IotDataSplitted2[2])

569 - Double.parseDouble (rangesSplitted([2]);

570 break;

571+ }

ST200 - }

573 }

574

575 B }

576

577 | }

578

579 if (IotDataSplitted2(2].startsWith("L5")) // gets LS for light sensor

580 B {

581 © if (rangesSplitted[Z].eguals("LIGHT")) {

582 O if ((Double.parseDouble (IotDataSplitted2[(].substring(ll, 13)) »= Double
583 .parseDouble (rangesSplitted[(] .substring(0, 2))

584 && Double.parseDouble (IotDataSplitted2(0].substring(ll, 13)) <= Double
585 .parseDouble (rangesSplitted[(].substring(c, 2)))

586 && Integer.parselnt(IotDataSplitted2[3]) >= Integer.parselnt(rangesSplitted[.])
587 && Integer.parselnt (IotDataSplitted2[?]) <= Integer.parselnt(rangesSplitted[2])) {
588 IotData3.add(IotData.get(i)):

589 break; // its already on the list no need to add it twice

590 } else {

591 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

582 © if (Double.parseDouble (IotDataSplitted2[3]) < Double.parseDouble (rangesSplitted(l])) {(
593 TempIotData.add (makeDataLine (IotData.get(i)));

594 dTotalError += Double.parseDouble (rangesSplitted[1])

505 - Double.parseDouble (IotDataSplitted2([2]).;

596 dTempError = Double.parseDouble (rangesSplitted[1])

597 - Double.parseDouble (IotDataSplitted2(3]);

598 break;

599 } else if (Double.parseDouble (IotDataSplitted2[3]) > Double

600 .parseDouble (rangessSplitted([2])) {

601 TempIotData.add (makeDataLine (IotData.get(i))):

602 dTotalError += Double.parseDouble (IotDataSplitted2([3])

603 - Double.parseDouble (rangesSplitted[2]);

604 dTempError = Double.parseDouble (IotDataSplitted2[3])

605 - Double.parseDouble (rangesSplitted(2]);

606 break;

607 | }

608 | ¥

609 }

610

611 % if (rangesSplitted[3].equals("SUNNY"}) {

612 H if ((Double.parseDouble (IotDataSplitted2[0].substring(ll, 13)) >= Double
613 .parseDouble (rangesSplitted([0].substring(0, 2))

614 && Double.parseDouble (IotDataSplitted2[0].substring(ll, 13)) <= Double
615 .parseDouble (rangesSplitted(0].substring(c, ©)))

616 && Integer.parselnt(IotDataSplitted2[3]) >= Integer.parselnt(rangesSplitted[l])
617 && Integer.parselInt(IotDataSplitted2[?]) <= Integer.parselnt{rangesSplitted[2])) {(
618 IotData3.add(IotData.get(i));

619 break; // its already on the list no need to add it twice

620 } else {

621 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

622 © if (Double.parseDouble (IotDataSplitted2([3]) < Double.parseDouble (rangesSplitted[i]1)) {
623 TempIotData.add(makeDataline (IotData.get(i))});

624 dTotalError += Double.parseDouble (rangesSplitted[1])

625 - Double.parseDouble (IotDataSplitted2([2]);

626 dTempError = Double.parseDouble (rangesSplitted(1])

627 - Double.parseDouble (IotDataSplitted2([:]);

628 break:

629 } else if (Double.parseDouble (IotDataSplitted2[3]) > Double

630 .parseDouble (rangesSplitted[2])) (

631 TempIotData.add (makeDataLine (IotData.get(i)));

632 dTotalError += Double.parseDouble (IotDataSplitted2([])

633 - Double.parseDouble (rangesSplitted([2]):

634 dTempError = Double.parseDouble (IotDataSplitted2([?])
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635

- Double.parseDouble (rangesSplitted[2]);

636 break;

637 ]

638 | 3

639 | }

640

641 E if (rangesSplitted[:].equals{"CLOUDY")) {

642 © if ((Double.parseDouble (IotDataSplitted2(0].substring{l!, 13)) >= Double

643 .parseDouble (rangesSplitted(’].substring{l, 2))

644 && Double.parseDouble (IotDataSplitted2(0]).substring(ll, 13)) <= Double

645 | .parseDouble (rangesSplitted(’].substring(c, ©)))

646 && Integer.parselnt(IotDataSplitted2([3]) »>= Integer.parselnt{rangessSplitted([l])
647 && Integer.parseInt(IotDataSplitted2[?]) <= Integer.parselnt(rangesSplitted[2])) {
648 IotData3.add(IotData.get{i));

649 break; // its already on the list no need to add it twice

650 } else {

651 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

652 © if (Double.parseDouble({IotDataSplitted2[3]) < Double.parseDouble(rangesSplitted[1])) {
653 TempIotData.add(makeDataLine (IotData.get(i)));

654 dTotalError += Double.parseDouble (rangesSplitted[1])

655 = Double.parseDouble (IotDataSplitted2([3]);

656 dTempError = Double.parseDouble {rangesSplitted[1])

657 - Double.parseDouble {IotDataSplitted2([3]);

658 break;

659 } else if (Double.parseDouble(IotDataSplitted2([:]) > Double

660 .parseDouble {(rangesSplitted([2]1)) {

661 TempIotData.add(makeDataLine (IotData.get(i)));

662 dTotalError += Double.parseDouble (IotDataSplitted2([3])

663 - Double.parseDouble (rangesSplitted[2]1);

664 dTempError = Double.parseDouble {IotDataSplitted2[3])

665 - Double.parseDouble (rangesSplitted[2]};

666 break:

667 }

668 }

669 1

670

671 E if (rangesSplitted(3].equals("DOOR OPEN-LIGHT")) |

672 H© if ((Double.parseDouble(IotDataSplitted2(0].substring(ll, 13)) >= Double

673 .parseDouble (rangesSplitted([(].substring{l, 2)}

674 && Double.parseDouble (IotDataSplitted2([0].substring(l!l, 13)) <= Double

675 | .parseDouble (rangessSplitted[0].substring(c, 9)))

676 && Integer.parselnt(IotDataSplitted2([3]) >= Integer.parselnt(rangesSplitted(!])
617 && Integer.parseInt(IotDataSplitted2([3]) <= Integer.parseInt{rangesSplitted([2])) {
678 IotData3.add(IotData.get{i));

679 break; // its already on the list no need to add it twice

671 Ié'! if (rangesSplitted(2].equals("DOOR OPEN-LIGHT"))} {

672 82 if ((Double.parseDouble(IotDataSplitted2[(].substring(ll, 13)) >= Double

673 .parseDouble (rangesSplitted[(].substring{0, 2))

674 && Double.parseDouble (IotDataSplitted2[0].substring(ll, 13}) <= Double

675 | .parseDouble (rangesSplitted([0].substring(s, £)))

676 && Integer.parselnt(IotDataSplitted2[3]) >= Integer.parselnt(rangesSplitted[l])
677 && Integer.parselnt(IotDataSplitted2[3]) <= Integer.parselnt(rangesSplitted([21)) {
€78 IotData3.add(IotData.get(i));

679 break; // its already on the list no need to add it twice

680 } else {

681 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

682 o if (Double.parseDouble(IotDataSplitted2[3]) < Double.parseDouble (rangesSplitted([!])) {
€83 TempIotData.add(makeDataLine (IotData.get(i)));

6B4 dTotalError += Double.parseDouble (rangesSplitted[l])

685 - Double.parseDouble (IotDataSplitted2([3]);

686 dTempError = Double.parseDouble (rangesSplitted(!])

687 - Double.parseDouble (IotDataSplitted2([3]);

688 break;

689 } else if (Double.parseDouble(IotDataSplitted2(3]) > Double

&80 .parseDouble (rangesSplitted([2])) {

691 TempIotData.add(makeDataLine (IotData.get(i)));

692 dTotalError += Double.parseDouble (IotDataSplitted2[2])

693 - Double.parseDouble (rangesSplitted([2]);

694 dTempError = Double.parseDouble (IotDataSplitted2[3])

6585 - Double.parseDouble (rangesSplitted([2]);

696 break;

697 - }

698 - }

699 }

700

701 }

702

703 - }

704

705 meansSum = meansSum + Math.pow(dLineError - averageErrorTotal, 2);

706

307 | | }

708 } catch (Exception e) {

708 O System.out.println(

F10 - "error second(comparison data with meta-range rules): " + errorLine # " , Error message: " + e);
711 System.out.println("Number of line:\t" + e.getStackTrace()[2].getLineNumber());

712 - }

F13

714 double standardDeviation = Math.sqrt(meansSum / IotData.size()):
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716 String label57 = "Standard Deviation: " + df.format((standardDeviation) * 10
717 System.out.println(label57);

718

719 IotData3.clear(); // clears the entire list

720 TempIotData.clear():;

721

q22 B try (

723

724 FileWriter myWriter = new FileWriter (pathNoIFTTresults):;
725 myWriter.write (lblErrorl);

726 myWriter.write ("\n");

727 myWriter.write (labelé0) ;

728 myWriter.write ("\n"

729

730 myWriter.write (label59) ;

731 myWriter.write("\n"};

732

733 // System.out.println(label58);

734 myWriter.write(label7l);

735 myWriter.write("\n");

736

737 myWriter.write (label57);

738 myWriter.write("\n"};

739 myWriter.close();

740

741 } catch ({Exception e) {

742 System.out.println("Unable to write data for nolIFTT.");
743 | }

744

745 return formaliseMaxBrror;

746 + )} // end of comparison imported data and meta rule ranges
747

748

748 L

EnergyPlanner.java
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1 g/*

2 This file implements the Energy Plannser algorithm.

3 Copyright (C) 2021 I&ntonis Vasileiou

4 This program is free software: you can redistribute it and/or modify
5 it under the terms of the GNU General Public License as published by
6 the Free Software Foundation, either wersion 3 of the Licenss, or

7 (at your option) any later wersion.

8 This program is distributed in the hope that it will be useful,

] but WITHOUT ANY WARRANTY; without even the implied warranty of

10 MERCHANTABILITY or FITNESS FCR A PARTICULAR PURPOSE. See the

11 GNU General Public License for more details.

12 You should have received a copy of the GNU General Public License

13 along with this program. If not, see https://www.gnu.org/licenses/gpl-3.0.html.
14 L/

15

16 package ilotprojectpackage;

18 import java.io.BufferedReader;
19 import java.io.DataOutputStream;
20 import java.io.FileWriter;

21 import java.io.InputStreamReader;
22 import java.math.RoundingMode;

23 import java.net.HttpURLConnection;
24 import java.net.URL;

25 import java.nio.charset.StandardCharsets;
26 import java.text.DecimalFormat;

7 import java.text.ParseException;

3 import java.text.SimpleDateFormat;
29 import java.time.Zoneld;

30 import java.util.ArrayList;

31 import java.util.Date;
32 import java.util.Random;
33 import java.text.DateFormatSymbols;

34
35 import com.google.gson.Gson;
36 import com.google.gson.Jsonkrray;

T import com.google.gson.JsonObject;

8 import com.google.gson.JsonParser;
FH2
40 public class EnergyPlanner {
41
42 private String errorline;// global
43
44 private SimpleDateFormat simpleFormatter = new SimpleDateFormat ("vyyy-MM-dd HH:mm:ss");
45 private Date dtTemp;
46 private double contiguous ms = 0;

7 private String monthlyKWH:listAssiqnment = "original™; // to help identify allowed kwh list->original, 1%, 5¢

/ 20%

private ArrayList<String[l> copiediotdata;
private ArrayList<String[]> EnergyPlannerData;

) o @

4

4

4

50

51 private ArrayList<String[l> copiediotdata3;

52 private ArrayList<String[]> MRTrules;

53 private String kwhpermonth = "";

54 private Boolean solutionsFound;

55 private ArrayList<String[]> recursionResults = new ArrayList<Stringl[]l>();
56 private double public ms = 0;

57 private int recursiveIterator = 0;

58 private String urlString = "http://10 73/api/update-results";
59 private double totalaverageerror = 0.0;

60 private double budgeterror = 0.0

61 private double convinienceerror = 0.0;

62 private double deviation = 0.0;

63 private double totalkwh = :

64 private String listRanges[]1[];

65

66 H public EnergyPlanner() {

67 solutionsFound = false;

68 }

69

70 H public void ArrayList fromString toStringArray(ArrayList<String> list from, ArrayList<String[l> list to) {
71

T2 z for (int i = 0; i < list_from.size(); i++) {

73 string temp[] = list_ from.get(i).split("\\|");
T4 list_to.add(temp);

75 F }

16

o }

78

79 // call in line 1313

{1}
{1}

public void updateQOpenhabRules(String type, String state) {

i/get-openhabrules™;
i/update-openhabrules”™;

String geturl = "http://10.1
String posturl = "http://10.16
String postdata = "";

= try {

oUW N

StringBuilder result = new StringBuilder() ;

URL url = new URL{geturl);

HttpURLConnection conn = (HttpURLConnection) url.openConnection();
conn.setRequestMethod ("GET") ;

conn.connect () ;

w0 m

W W D MDD Mo

et
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92 $ int responsecode = conn.getResponseCode() ;

93 H if (responsecode != 200)

G4 throw new RuntimeException("HttpResponseCods: " + responsecode) ;
95 } else {

96 BufferedReader br = new BufferedReader (new InputStreamReader (conn.getInputStream()));
97 String line;

98 B while ((line = br.readLine()) != null) {

99 result.append(line) ;

100 o }

101

102 br.close();

String temp = result.toString();
JsonArray array = (JsonArray) JsonParser.parseString(temp);
int size = array.size();
if (type.equals("Light")) {
for (int i = 0; 1 < size; i++) {
JsonCbject obj = array.get (i) .getAsJIsonCbiect();
if (obj.get("category").gethAsString() .equals("Temperature”)) {
String state value = obj.get("state").getAsString().trim();
stringl] str = state_value.split("\\s+");

obj.remove ("state") ;
ob]j.addProperty("state”, str[0] + " ‘\ull

}; // This is to handle the Celcious sign
}

if (obj.get("category").getAsString() .equals("Light”)) {

obj .remove ("stateONOEE") ;
obj.addProperty("stateONOFE", state);

}
array.set(i, obij);

}

postdata = array.toString();
String urlParameters = "rules=" 4 postdata;
136 byte[] postData = urlParameters.getBytes(StandardCharsets.UTF 8) ;

int postDatalength = postData.length;
url = new URL(posturl) ;
conn = (HttpURLConnection) url.openConnection();

conn.setDoOutput {txue) ;

conn. setRequestMethod ("POST") ;
conn.setRequestProperty ("Content-Type", "app
conn.setRequestProperty(“"Charset™, "UTE-8");
conn.setRequestProperty("Content-Length™, Integer.toString(postDatalength));
conn.setUseCaches (false) ;

ication/x— form-urlencoded") ;

conn.connect () ;

DataOutputStream wr = new DataOutputStream(conn.getOutputStream()) ;
wr.write(postData) ;
conn.getResponseCode () ;

. } // End of If
g else if (type.equals("Temperature")) {
= for (int i = 0; 1 < size; i++) |

JsonObject obj = array.get(i).getRAsJsonCbject() ;

B if (obj.get("category”).getaAsString() .equals("Temperature”)) {
String state value = obj.get("state").getAsString().trim();
stringl] str = state_value.split("\\s+");

obdj.remove ("state™) ;
obj.addProperty("state”, str[0] + " ‘\ulC
obj .remove ("stateONOFEF") ;
ob]j.addProperty ("stateONOEE", state) ;

// This is to handle the Celcious sign

o Wl o w

1] }
array.set(i, obij);
k }

postdata = array.tostring();

String urlParameters = "rules=" + postdata;

byte[] postData = urlParameters.getBytes(Standardcharsets.UTF_S};
int postDatalength = postData.length;

url = new URL(posturl) ;

conn = (HttpURLConnection) url.openConnection();

conn.setDoOutput (true) ;
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conn

conn.

.setRequestMethod ("POST™) ;
conn.
conn.
conn.
conn.

setRequestProperty("Content-Type", "application/z-www-form-urlencoded");
setRequestProperty("Charset”, "UTE )

setRequestProperty ("Content-Tength", Integer.toString(postDatalength)) ;
setUseCaches (false) ;

connect () ;

DatadutputStream wr = new DataOutputStream(conn.getOutputStream()) ;
wWr.write(postData) ;

conn.

}

getResponseCode () ;

} catch (Exception e) {
e.printStackTrace() ;
System.out.println(e.getMessage());

// converts string to double
public double toDouble(String str) {

return Double.parseDouble(str) ;

}

// converts string to double
public int toInt(String str) {

return Integer.parselnt(str);

}

// returns hour from

record datetime

public int getHour(String date) {

return toInt(date.substring(ll, 13));

}

// returns month from record datetime
public int getMonth{String date) {

return tolnt(date.substring(5, 7)):

}

// returns the hour the rule starts
public int ruleHourFrom(String ruletime) {

return toInt(ruletime.substring(?, 2));

}

// returns the hour the rule ends
public int ruleHourTo(String ruletime) {

return toInt(ruletime.substring(c, £));

}

public void postData() {

try {

String urlParameters
+ "&ep_convenienceE

" + totalkwh + "&ep totalE =" 4+ totalaverageerror
" + convinienceerror + "&ep budgetError=" + budgeterror

+ "&ep standardDeviation=" + deviation + "skwh per month=" + kwhpermonth;
byte[] postData = urlParameters.getBytes(StandardCharsets.UTF 8);
int postDatalength = postData.length;

URL url = new URL(urlString) ;
HttpURLConnection conn = (HttpURLConnection) url.openConnection();

conn.setDoCutput (true) ;
conn.setRequestMethod ("POST") ;

conn.setRequestProperty ("

ntent-Type", "application/z-www-form-urlencoded");

conn.setRequestProperty("Charset™, "UTE-8");
conn.setRequestProperty("Content-Length™”, Integer.toString(postDatalength));
conn.setUseCaches (false) ;

conn.connect () ;

DataOutputStream wr = new DataOutputStream{conn.getOutputStream());
wr.write (postData) ;
conn.getResponseCode () ;

} catch (Exception &) {
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272 for (StackTraceElement s : e.getStackTrace())
273 System.out.println(s);
274+ }
275 + }
276
277 ©H public String makeDataline(String[] array) {
278 String s = "";
279 String seperator = "|";
int count = 0;
8 int length = array.length;
8
= for (String temp : array) {
g if (count == length - 1) {
5 = s.concat(temp) ;
} else {
5 = s.concat(temp) ;
288 5 = s.concat (seperator);
S }
290 count++;
291 - }
292
293 return s;
284 }
295
296 H public static Stringl] addx(String myarray[]l, String ele) {
297
298 int n = myarray.length;
299 String newhrrayl[] = new String[n + 11;
300 // copy original array into new array
for (int 1 = 0; 1 < n; i++)

newkArray[i] = myarrayl[i];

// add element to the new array
newhArray[n] = ele;

return newhArray;

}

private double calculateKWH3 (ArrayList<String[l> sRecordsHourly) {
ArrayList<String[]> copiediotdatakwh = new ArrayList<Stringl[]>(sRecordsHourly) ;
ArraylList<Integer> removedMetaRules = new Arraylist<Integer>();
boolean randomRule[] = new boolean[MRTrules.size()];
Random rand = new Random() ;
int numrules = MRTrules.size();
int random;

Boolean startRlLLzeros = false;
Boolean startALLrandom = false;
int numberOfLoops = 3;

if (removedMetaRules.size() == 1) {
if (startRLLzeros == true) {
for (int d = 0; d < randomRule.length; d++) {

randomRule[d] = false;
removedMetaRules.add(d) ;
}
} else if (startAlLrandom == true) {
for (int d = 0U; d < randomRule.length; d++) {
// generates random number from 0 to 1
random = rand.nextInt(2);
if (random == 0)
randomRule [d] = false;
removedMetaRules.add(d) ;
} else {
randomRule [d] = true;

: }
r }
} else {
= for (int d = 0; d < randomRule.length; d++) {
randomRule[d] = true;

. }
. }

B for (int i = 0; i < numberOfLoops; i++) {

random = rand.nextInt (numrules) ;

// random here is the rule to be removed

= if (randomRule[random]) {

8 randomRule [random] = false;

9 removedMetaRules.add (random) ;

} else {
randomRule [random] = true;
removedMetaRules. remove (Integer.valueOf (random) ) ;

WL W W WL W W W WL

* }

= if (solutionsFound == false) {

for (int i = 0; i < number0OfLoops; i++) {
random = rand.nextInt (numrules) ;
// random here is the rule to be removed
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362 B if (randomRule[random]) {

363 randomRule [random] = false;

364 removedMetaRules.add (random) ;

365 } else {

366 randomRule [random] = true;

367 removedMetaRules.remove (Integer.valueOf (random}) ;

368 - }

369 - }

370 } else if (solutionsFound == true) {

371 H for (int d = 0; d < randomRule.length; d++) {

372 randomRule [d] = true;

EAE }

374

375 o for (int 1 = 0; i < removedMetaRules.size(); i++) {

376 randomRule [removedMetaRules.get (i) ] = false;

S }

S8 }

379

380 int IFTTTconstraintsApplied = 0;

381 double milliwatts = 0;

382 Date dtl = dtTemp;

383 Date dt2;

384 double span;

385 double ms = 0;

386 double localContiguous ms = contiguous _ms;

387 ArrayList<Double> monthlyKWH = new ArrayList<Double>() ;

388

385 o if (monthlyKWH_listAssignment.equals("original™)) {

390 monthlyKWH = new ArrayL13t<Dou_ble>() B // 0.24

391 Double[] d = new Double[] { 1.04, 0.71, O 19, 24, 28, .43, 28, 28, =7 0);
392 for (int i = 0; i < d.length; i++)

393 monthlyKWH.add (d[1]1) ;

394 } else if (monthlyKWH listAssignment.equals("1")) {

395 monthlyKWH = new ArrayL13t<Double>() H

396 Double[] d = new Double[] { 0, 19, . 28, 42, 28, 23, 28, 1
397 for (int i = 0; i < d.length; 1++)

398 monthlyEWH.add (d[1]) ;

399 } else if (monthlyKWH listAssignment.equals(“"5")) {

400 monthlyKWH = new ArrayList<Double>();

401

402 Double[] d = new Double[] { 18, 27, .41, 27, 0.27, 0.54 });
403 for (int i = 0; i < d.length; 1++)

404 monthlyKWH.add (d[1]) ;

405 } else if (monthlyKWH_listAssignment.equals(

406 monthlyKWH = new ArrayList<Double>() ;

407

408 Double[] d = new Double[] { 0.%4, 0.¢4, 17, 0.21, , 26, 0.21, 510}
409 for (int i = 0; i < d.length; i++)

410 monthlyKWH.add(d[i]) ;

411 } else if (monthlyKWH_listAssignment.egquals("20")) {

412 monthlyEWH = new ArrayList<Double>();

413

114 Double[] d = new Double[] { 57, 0.27, 0.15, 0.19, 27, 19, 0.23, 0.45 };
415 for (int i = 0; i < d.length; 1++)

416 monthlyKWH.add (d[i]) ;

417 } else if (monthlyKWH_listAssignment.equals("20")) {

418 monthlyKWH = new ArrayLlst(Double)()

419 Double[] d = new Double[] { 0.73, 0.50, 13, 0.17, 0.20, 20, 0.17, 0.20, 0.40 };
420 for (int i = 0; i < d.length; i++)

421 monthlyKWH.add (d[1]) ;

422 } else if (monthlyKWH listAssignment.eguals("40")) {

423 monthlyKWH = new ArrayLlst(Double>() H

424 Double[] d = new Double[]l { 0.43, 7, 17, 0.34 };
425 for (int i = 0; i < d.length; i++)

426 monthlyKWH.add(d[1i]) ;

427 o }

428 H try {

429

430 ArrayList<String> listRules = new ArrayList<String>();

431 for (int d = 0; d < randomRule.length; d++) {

432 if (randomRule[d]) {

433

434 // temperature

435 if (listRanges[d][3].equals("TEMPER.")) {

436 O listRules.add(listRanges[d][0] + "|" 4+ "+" + listRanges[d][1] + "|" + "—" 4+ "|"

437 + listRanges[dl[1] + "|" + "—-" + "|" + "——-" 4 "|" 4 """ 4 "|" 4 VSET TEMPERATURE");
438 - }

439 // light

440 H if (listRanges[d][7].equals("LIGHT")) {

441 g listRules.add(listRanges[d][0] + "|" + "— + "|" + "+" + listRanges[dl[1] + "|"

142 + listRanges[d][1] 4 "|" + "——=" 4 "|" 4 "o—o¥ 4 V[N 4 U___¥ 4 0N 4 USET LIGHT') ;
443 | }

444 IFTTTconstraintsipplied++;

445 i }

446 | }

447

448 for (int i = 0; i < copiediotdatakwh.size(); i++) {

449

450 for (int k = 0; k < listRules.size(); k++) |

451 errorlLine = String.join("|", copiediotdatakwh.get(i)):;
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String[] copiediotdataSplitted = copiediotdatakwh.get (i) ;
String[] rulesSplitted = listRules.get(k).split("\\|");

if (copiediotdatasplitted[2].startsWith("T")) // gets T for temperatures
{
// checks time and temperature and if season,wether,door is empty
if ((!'rulesSplitted[!].equals("--—-")) && (rulesSplitted[4].equals("-—-"))
&& (rulessplitted[S].equals("-—-")}) && (rulessSplitted[f].eguals("---"))) {

if ((getHour (copiediotdataSplitted[0]) »>= ruleHourFrom(rulesSplitted[0])
&& getHour (copiediotdataSplitted[0]) <= ruleHourTo(rulesSplitted[0]))) {
dt2 = simpleFormatter.parse(copiediotdataSplitted[0].substring(J, 18));
span = Math.abs(dt2.getTime() - dtl.getTime());
ms += span;
dtl = dt2;

localContiguous ms += span;

double secondsTemp = localContiguous ms / 1
double hoursTemp = secondsTemp [/ H
double kWhTemp = ({hoursTemp * /1000y * 24

copiediotdataSplitted = addX (copiediotdataSplitted, String.valueOf (kWhTemp)) ;

milliWatts = milliWatts + 320;

copiediotdataSplitted[2] = rulesSplitted[:];
copiediotdatakwh.set (i, copiediotdatasSplitted);

break; // its already on the list no need to add it twice

}

if (copiediotdataSplitted[2].startsWith("L3")) // gets L3 for light sensor
{

// checks LIGHT , and if weather,door is empty
if (('rulesSplitted[2].equals("---")) && (rulesSplitted[-].equals("---"))
&& (rulesSplitted[c].equals("—-"))) {
// checks time and light value
if ((getHour (copiediotdataSplitted[0]) >= ruleHourFrom(rulesSplitted[0])
&& getHour (copiediotdataSplitted[U]) <= ruleHourTo(rulesSplitted[0]))) {
dt2 = simpleFormatter.parse(copiediotdataSplitted[0].substring(d), 18));
span = Math.abs(dt2.getTime() - dtl.getTime()});
ms += span;
dtl = dt2;

localContiguous_ms += span;

double secondsTemp = localContiguous ms / 1000;

double hoursTemp = secondsTemp / 5

double kWhTemp = ((hoursTemp * 320) / 1000) * 24;

copiediotdataSplitted = addX(copiediotdataSplitted, String.valueOf (kWhTemp)):;

copiediotdataSplitted[3] = rulesSplitted[3];
copiediotdatakwh.set(i, copiediotdataSplitted);
break;

}
} // end of : //checks LIGHT and if weather is empty
}
if {(k == listRules.size() - 1) {
dtl = simpleFormatter.parse (copiediotdataSplitted[0].substring(0, 18));

}

}

string[] copiediotdataSplittedAfterIFTTT = copiediotdatakwh.get (i) ;
if (copiediotdataSplittedAfterIFTTT.length < 5) {

copiediotdatakwh.set (i, add¥(copiediotdataSplittedAfterIFTTT, "00"));
}
}

} catch (Exception ex) {

LWL WL WU WL

6 System.out.println(” B: " 4 errorLine + " => Exception: " + ex);
. }

8

9 double seconds =ms / |

0 double hours = seconds /

31

32 double kWh = ((hours * 220)

33

34 string[] copiediotdataSplitted Month = copiediotdatakwh.get(0);

Date getMonth;

536 int currentMonth = 0;

537 B try {

538 getMonth = simpleFormatter.parse (copiediotdataSplitted Month[0].substring(J, 18));

539 currentMonth = getMonth.toInstant () .atZone(Zoneld.systemDefault()) .toLocalDate() .getMonthvalue ()
540

541 } catch (ParseException 1) {
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542 // TODO Auto-generated catch block
543 el.printStackTrace() ;
544 }
545 double allowedMonthly kiwh = toDouble (monthlyKWH.get (currentMonth - 1).toString{()) * ¢ €.5, *7.9
546
547 // ¥%¥kx*x%xxSECOND AND LAST
548 f'/ FH_ASE'A‘AJ'l"lAJ"l"lAJ"l'lJ'l"lAJ"l"lAJ"l'lJ'l"lAJ"l"lAJ"l'lJ'l"lAJ"l"lAJ"l'lJ'l"lAJ"l"lAJ"l'lJ'l"l»\l"l"l»\l"l‘l//‘
549 double dTotalError = 0;
0 double dLineError = 0;
1 double dTotalError kwh = 0;
2 double maxError =
3 double minError = 0;
4 boolean errorfFound = false;
5 int errcorsize = 0;
try {
for (int i1 = 0; i < copiediotdatakwh.size(); i++) {
dLineError = 0;// gets the total record line error in regards of all the ranges
for (int k = 0; k < listRanges.length; k++) {

errorLine = String.join("|", copiediotdatakwh.get(i)):;

String[] copiediotdataSplitted2 = copiediotdatakwh.get(i);
// System.out.println(copiedictdatakwh.get(i)):
String[] rangesSplitted = listRanges[k];

1 L1l L

if (copiediotdatasplitted2[Z].startsWith("T")) // gets T for temperatures
{

// checks time and temperature and if season is empty
if (((!'rangesSplitted[0].equals("SUMMER")) || (!rangesSplitted[0].equals ("¥
&& (rangesSplitted[3].equals("TEMPER.")})) {
if ((getHour (copiediotdataSplitted2[0]) >= ruleHourFrom{rangesSplitted[0])
&& getHour (copiediotdatasSplitted2([0]) <= ruleHourTo (rangesSplitted([(0]))
&& toDouble (copiediotdataSplitted2 } >= toDouble(rangesSplitted[!])
&& toDouble (copiediotdataSplitted2[3]) <= toDouble(rangesSplitted[2])) {
copiediotdata3.add(copiediotdatakwh.get(i)) ;

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if ((getHour (copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo (rangesSplitted([0]))
&& toDouble (copiediotdataSplitted2[3]) < toDouble(rangesSplitted[11}) {
dTotalError += toDouble (rangesSplitted[!]) - toDouble(copiediotdataSplitted2[2]);

dLineError += toDouble(rangesSplitted[1]) - toDouble(copiediotdataSplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}
errorFound = true;
} else if ((getHour (copiediotdatasSplitted2([0]) »= ruleHourFrom(rangesSplitted[01)
&& getHour (copiediotdatasplitted2[0]) <= ruleHourTo(rangessplitted[01))
&& toDouble (copiediotdatasplitted2[2]) > toDouble (rangessplitted[21)) {
dTotalError += toDouble(copiediotdatasplitted2[3]) - toDouble (rangessSplitted([2]);
dLineError += toDouble(copiediotdataSplitted2[3]) - toDouble(rangesSplitted([2]);

if {(dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}

errorFound = true;

}

if (((rangessplitted[0].equals("SUMMER")) || ({(rangessplitted[0].equals("w
&& (rangessplitted[3].equals("TEMPER."))) {
int iseason = getMonth(copiediotdatasplitted2[0]);

NTER")))

// checks if SUMMER
if ((iSeason == ©) || (iSeason == 7) || {iSeason == 5)}) {
if (toDouble (copiediotdataSplitted2[3]) >= toDouble(rangesSplitted[!])
&& toDouble (copiediotdataSplitted2[3]) <= toDouble(rangesSplitted[2])) {
copiediotdata3.add(copiediotdatakwh.get (1)) ;

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[3]) < toDouble (rangesSplitted[1]1)) {
dTotalError +4= toDouble (rangesSplitted[1])
- toDouble (copiediotdataSplitted2[3]);
dLineError += toDouble (rangesSplitted[1]) =- toDouble (copiediotdataSplitted2[3]);

if (drLineError > maxFrror) {
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maxBError = dLineError;
}
if (dLineError < minError) {

minError = dLineError;
}
errorFound = true;

} else if (toDouble(copiediotdatasplitted2[3]) > toDouble(rangessplitted[2])) {
dTotalError += toDouble (copiediotdataSplitted2[3]1)
- toDouble (rangesSplitted[2]1);

dLineError += toDouble(copiediotdataSplitted2[’]) - toDouble(rangesSplitted[’]);

if (dLineError > maxError) {
maxBError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorfFound = true;

}
}
// checks if WINTER
else if ((iSeason == ' 2) || (iSeason == 1) || (iSeason == 2)) {
if (toDouble(copiediotdatasSplitted2[3]) >= toDouble(rangesSplitted[11)
&& toDouble (copiediotdataSplitted2[2]) <= tcDouble(rangesSplitted[Z])) {
copilediotdata3.add(copiediotdatakwh.get (1)),

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdataSplitted2[3]) < toDouble(rangesSplitted[11)) {
dTotalError += toDouble (rangesSplitted[1])
- toDouble (copiediotdataSplitted2[3]);
dLineError += toDouble (rangesSplitted([!]) - toDouble (copiedictdataSplitted2([3]);

if (dLineError > maxError) {

maxError = dLineError;
}
if (dLineError < minError) {

minError = dLineError;
}
errorfFound = true;

} else if (toDouble(copiediotdataSplitted2[?]) > toDouble(rangessSplitted[2])) {
dTotalError += toDouble (copiediotdataSplitted2[31)
- toDouble(rangesSplitted[2]);

dLineError += toDouble(copiediotdatasplitted2[3]) - toDouble(rangesSplitted([2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (rangessplitted[0].equals("kwh")) {
if (toDouble(copiediotdataSplitted2[7/]) <= toDouble(rangesSplitted[!])} {
copiediotdata3.add(copiediotdatakwh.get(i))
} else {
dTotalError kWh += toDouble{copiedictdataSplitted2[7]) - toDouble(rangesSplitted([Z]);
dTotalError += toDouble (copiediotdataSplitted2[7]) - toDouble(rangesSplitted[2]);
dLineError += toDouble(copiediotdatasSplitted2[7]) - toDouble(rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (copiediotdatasSplitted2([2].startsWith("Ls")) // gets LS for light sensor
{
// checks LIGHT
if (rangesSplitted[3].equals("LIGHT")) {
if ((getHour (copiediotdataSplitted2([0]) >= ruleHourFrom(rangesSplitted[(])
&& getHour (copiediotdatasplitted2[0]) <= ruleHourTo(rangessSplitted[0]))
&& toInt(copiediotdataSplitted2[3]) >= tolInt{rangesSplitted[!])
&& toInt(copiediotdataSplitted2([3]) <= tolInt(rangesSplitted[2]1}) {
copiediotdata3.add (copiediotdatakwh.get (1)) ;

} else {
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// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if ((getHour{(copiediotdatasSplitted2[(])} >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdatasplitted2[0]) <= ruleHourTo(rangessplitted[01))
&& toDouble (copiediotdatasplitted2[2]1) < toDouble(rangessplitted[11)) {
dTotalError += toDouble(rangesSplitted[l]) - toDouble(copiediotdataSplitted2[3]);
dLineError += toDouble (rangesSplitted[l]) - toDouble(copiediotdataSplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorfFound = true;
} else if ((getHour (copiediotdatasplitted2[0]) >= ruleHourFrom(rangessplitted[0]1)
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]) > toDouble (rangesSplitted[2])) {
dTotalError += toDouble (copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble (copiediotdataSplitted2[3]) - toDouble{rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < mingrror) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of: checks LIGHT

// checks SUNNY
if (rangesSplitted[3].equals("SUNNY")) {
if ((getHour (copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toInt(copiediotdataSplitted2[3]) >»= toInt(rangesSplitted[l])
&& toInt{copiediotdatasSplitted2[3]) <= toInt{rangesSplitted[?])) {
copiediotdata3.add(copiediotdatakwh.get (1))

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble {copiediotdataSplitted2[3]) < toDouble{rangesSplitted[ 1)) {
dTotalError += toDouble (rangesSplitted[.]) =- toDouble(copiediotdataSplitted2[2]);
dLineError += toDouble(rangesSplitted[1]) - toDouble(copiediotdataSplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

} else if (toDouble(copiediotdatasplitted2[3]) > toDouble(rangessplitted[2])) |
dTotalError += toDouble (copiediotdataSplitted2[3])

- toDouble ({rangesSplitted[2]) ;
dLineError += toDouble (copiediotdataSplitted2[2])

- toDouble (rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
} // end of :checks SUNNY

// checks CLOUDY
if (rangesSplitted[3].equals("C vy A
if ((getHour{copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[01))
&& toInt(copiediotdataSplitted2[3]) >= tolInt(rangesSplitted[l])
&& toInt(copiediotdataSplitted2[3]) <= toInt(rangesSplitted[2])) {
copiediotdata3.add(copiediotdatakwh.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasplitted2[3]) < toDouble(rangesSplitted[1])) {
dTotalError += toDouble (rangesSplitted[!]) - toDouble(copiediotdataSplitted2[3]);
dLineError += toDouble (rangesSplitted[1]) - toDouble (copiediotdataSplitted2[31);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdataSplitted2[3]1) > toDouble(rangesSplitted[21)) {
dTotalError += toDouble{copiediotdatasSplitted2[2]1) - toDouble(rangesSplitted[2]);
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dLineError += toDouble (copiediotdataSplitted2[2]) - toDouble(rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}
errorFound = true;
}
}

} // end of :checks CLOUDY

// checks DOOR OPEN-LIGHT
if (rangesSplitted[3].equals("DOOR OPEN-LIGHT")) {

if ((getHour (copiediotdataSplitted2[0]) »= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdatasplitted2([0]) <= ruleHourTo(rangessplitted[0]))
&& toInt(copiediotdatasSplitted2[?]) >= toInt(rangesSplitted[!])
&& tolInt(copiediotdataSplitted2[3]) <= toInt(rangesSplitted[2])}) {
copiediotdata3.add(copiediotdatakwh.get (1)) ;

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasplitted2[3]) < toDouble (rangessplitted[l])) {
dTotalError += toDouble(rangesSplitted[!]) - toDouble(copiediotdatasSplitted2[3]);
dLineError += toDouble(rangesSplitted[']) - toDouble(copiediotdataSplitted2[3]1);

if (dLineError > maxError) ({
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}
errorFound = true;

} else if (toDouble(copiediotdataSplitted2[3]) > toDouble(rangesSplitted[2])) {
dTotalError += toDouble (copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble(copiediotdataSplitted2[3]) =- toDouble(rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

o mm o m e o

8

O WP W W om0 MmmoDMmomooEon oM

}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
}
}
} // end of :checks DOOR OPEN-LIGHT
if (rangesSplitted[0].equals (" "¥) 4

if (toDouble(copiediotdataSplitted2[7]) <= toDouble (rangesSplitted[1]))

copiediotdata3.add(copiediotdatakwh.get (1)) ;
} else {

dTotalError kith += toDouble(copiediotdataSplitted2[7])} - toDouble(rangesSplitted[2]);
dTotalError += toDouble (copiediotdataSplitted2[7]) - toDouble (rangesSplitted[2]);
dLineError += toDouble(copiediotdatasplitted2[7])} - toDouble{rangessSplitted[2])

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) f{
minError = dLineError;
}
errorFound = true;
}
} // end of kwh check
} // end of LS
}
if (errorfFound == true) {
errorsize++;
errorFound = false;
}
}
} catch (Exception e) {
System.out.println("Second B: " + errorlLine + "\tEzception:\t" + e);

e.printStackTrace() ;

}

// TempIlotData.clear();
copiediotdata3.clear();

Jf EEEEERGk kGG Ak k Rk kkkkkxkkxskiiend of second phase (calculating Error
/1 Dhase) &k k& khhkkkrhk sk
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902 if ((kwh > allowedMonthly kwh) && (solutionsFound == false)) {
903

904 if (removedMetaRules.size() == numrules) {

905 removedMetaRules.clear() ;

906 | }

907 calculateKWH3 (sRecordsHourly) ;

908 return public ms;

909

910 } else if (recursiveIterator < 5) {

911 if (recursionResults.size() == 0)// check if result found first time
812 o {

913 String temp[] = new Stringl[3]:;

914 String t = "";

915 boolean first = true;

916 o for (int d = 0; d < removedMetaRules.size(); d++) |

917 E if (first) {

918 t = removedMetaRules.get(d).toString();

919 first = false;

920 } else {

921 t = t.concat(","” + removedMetaRules.get(d));
922 | }

923 | }

924 temp[0] = t;

925 temp[!] = String.valueoOf (kWh) ;

926 temp[?] = String.valueoOf (dTotalError) ;

927 recursionResults.add (temp) ;

928 } else {// now check if new result is better than the previous and replace it
929

930 String[] splitted = recursionResults.get(0);

931 3 if (dTotalError < toDouble(splitted[2])) {

932 String temp[] = new String[3];

933 String t = "";

934 boolean first = true;

9 for (int d = 0; d < removedMetaRules.size(); d++) {
9 if (first)

g t = removedMetaRules.get(d) .toString();

9 first = false;

9 } else {

g t = t.concat("," + removedMetaRules.get(d)):
g }

g }

] temp[0] = t;

9 temp[l] = String.valueOf (kWh) ;

g temp[2] = String.valueOf (dTotalError) ;

9 // recursionResults.set(0, String.jein(", ", removedMetaRules) + "|"™ +

// String.valueOf (kWh) + "|™ + String.valueOf (dTotalError));
recursionResults.set (0, temp);

}

recursiveIlterator++;

if (removedMetaRules.size() == numrules) {
removedMetaRules.clear () ;

}

if (recursiveIterator == 5) {
solutionsFound = true;
removedMetaRules.clear () ;
String[] rs = recursionResults.get(0);
Stringl[] splitted = rs[0].split(",");

for (int i = 0; i < splitted.length; i++) {
if (splitted[0].length() == 0)
break;

removedMetaRules.add (Integer.valueof (splitted[il)) ;

}
calculateKWH3 (sRecordsHourly) ;
return public _ms;

} else {
contiguous_ms = localContiguous_ms;
dtTemp = dtl;
EnergyPlannerData.addall (copiediotdatakwh) ;
removedMetaRules.clear () ;
recursiveIterator = 0;
recursionResults.clear();
solutionsFound = false;

WM = O

public_ms = ms;
return public _ms;

r }
] }// END OF CALCULATE KWH METHOD - number of modifications

=] public void energyplanner (ArrayList<String[]l> data, ArrayList<String[]> MRTrulesOriginal,
Double formaliseMaxError) {

copiediotdata = new ArrayList<Stringl[l>({(data); // clone original dataset list

MRTrules = new ArraylList<String[]>(MRTrulesOriginal) ;

listRanges = MRTrules.toArray(new String[0]1[1);

LW W WO WY O.WoWoewooweoe:eeoeoewo.eeoeee.ewo.ee.e.ee.ee.ee.ee e
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992 J]

%93 H try {

994 dtTemp = simpleFormatter.parse("2013-10-22 02:32:2 "}y; // temp date
agg5

996 } catch (Exception e) {

997 System.out.printlin(e);

) }

9

3

contiguous ms = 0;

ArrayList<String[]> recordsHourly = new ArrayList<String[]1>():
double hourChange = 2;
double total ms
int monthchange =
int yearchange = 1858;
DecimalFormat dfl new DecimalFormat ("#
dfl.setRoundingMode (RoundingMode . CEILING) ;

String monthString;

EnergyPlannerData = new ArraylList<String[]>() ;

copiediotdata3 = new ArrayList<String[]l>(); // clone original dataset list
boolean first = true;

aam

try {
for (int i = 0; i < copiedictdata.size(); i++) {
// System.out.println(i);
String[] copiediotdataSplitHour = copiediotdata.get(i);
int tempHourChange = getHour (copiediotdatasSplitHour([0]);
int tempmonthchange = getMonth (copiediotdataSplitHour[0]);

if (hourChange == tempHourChange) {

if (i == copiediotdata.size() - 1) {
recordsHourly.add(copiediotdata.get(i))
double hourly ms = calculateKWH3{recordsHourly) ;
total ms = total ms + hourly ms;
recordsHourly.clear() ;

} else {
recordsHourly.add(copiediotdata.get(i));

}

} else {
hourChange = tempHourChange;
double hourly ms = calculateKWH3 {recordsHourly) ;
total ms = total ms + hourly ms;
recordsHourly.clear () ;
recordsHourly.add (copiediotdata.get (i)) ;

}
// this is the calculation for the kwh per month

if (monthchange != tempmonthchange) {
monthchange = tempmonthchange;
// first is first month
if (first)
double secondsl = total ms /
double hoursl = secondsl /
double kWhl = ((hoursl * J 1000y * 24

kwhpermonth = kwhpermonth.concat (dfl. format (kWhl)) ;
first = false;

} else {
double secondsl = total ms /
double hoursl = secondsl /
double kWhl = ((hoursl *

kwhpermonth = kwhpermonth.concat("," + dfl.format (kWhl)) ;

}
}
// END of calculation for the kwh per month
}
} catch (Exception ex) {
System.out.println("F
ex.printStackTrace() ;

L: " 4 errorline + " => Exception: " 4 ex):

- }

[
& o

copiediotdata.clear() ;

[
& o
O o -

copliediotdata = new ArrayList<String[]>(EnergyPlannerData) ;
EnergyPlannerData.clear() ;

DecimalFormat df = new DecimalFormat("#.##");
df . setRoundingMode (RoundingMode . CEILING) ;

double seconds = total_ms [ 1000;
double hours = seconds / B
double kWh = ((hours * J 1000) * 24

String labellS54 = "Kilowatt hour (kWh): " + df.format(kwh) + " kwh";
System.out.println(labell54);

totalkwh = toDouble (df. format (kWh)) ;

double dTotalError = 0;
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1082 double dLineError = 0;

1083 double dTotalError kWwh = 0;

1084

1085 /f kkkk kXXX *SECOND AND LAST PH_ASEJJIAAAJJIAlllllllllff

1086

1087 Double maxError =

1088 Double minError = .0;

1089 Boolean errorfFound = false;

1090 int errorsize = 0;

1091

1092 try {

1093

1094 for (int i = 0; i < copiediotdata.size(); i++) {
dLineError = 0;// gets the total record line error in regards of all the ranges
for (int k = 0; k < listRanges.length; k++) {

errorLine = makeDataline(copiediotdata.get(i));

String[] copiediotdataSplitted2? = copiediotdata.get(i);
String[] rangesSplitted = listRanges[k];

if (copiediotdataSplitted2[2].startsWith("T")) // gets T for temperatures
{

// checks time and temperature and if season is empty
if ({{'rangesSplitted[0].equals("SUMMER")) || (!rangesSplitted[0].equals("WINTER")))
&& (rangessplitted[3].egquals("TEMPER."))) {
if ((getHour(copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[(0])
&& getHour {(copiediotdataSplitted2[0]) <= ruleHourTo({rangesSplitted[0]))
&& toDouble (copiediotdatasplitted2[2]) >= toDouble(rangessSplitted[l1])
&& toDouble (copiediotdataSplitted2[3]) <= toDouble(rangesSplitted[2]1)) {
//updateOpenhabRules ("Temperature”, "ON");
copiediotdata3.add(copiediotdata.get(i)) ;

} else {
//updateOpenhabRules ("Temperature", "OFF");
// assigns TOTAL ERROR AND CURRENT RECORD ERRCR
if ((getHour (copiediotdataSplitted2[0]) »= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdatasplitted2[0]) <= ruleHourTo(rangessplitted[l]))
&& toDouble (copiediotdataSplitted2[3]) < toDouble(rangesSplitted[1]))} {

dTotalError += toDouble (rangesSplitted[.]) - toDouble(copiediotdataSplitted2[31);
dLineError += toDouble (rangessSplitted[.]) - toDouble(copiediotdatasplitted2[3]1);

if (dLineError > maxError)
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}
errorfFound = true;
} else if ((getHour (copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[(])
&& getHour (copiediotdatasplitted2[(]) <= ruleHourTo(rangessSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]) > toDouble{rangesSplitted[2])) {
dTotalError += toDouble (copiediotdatasplitted2[2]) - toDouble(rangessSplitted[?]):
dLineError +4= toDouble (copiediotdataSplitted2[2]) - toDouble (rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;
}

if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
}
}
}
if (((rangessSplitted[0].equals("SUMMER")) || (rangessSplitted[(].equals("”

&& (rangesSplitted[2].equals("TEMPER."))) {
int iSeason = getMonth(copiediotdatasplitted2[0]);

// checks if SUMMER
if ((iseason == ©) || (iSeason == 7) || (iSeason == 2)) {
if (toDouble(copiediotdataSplitted2[3]) >= toDouble(rangesSplitted[!])
&& toDouble(copiediotdatasSplitted2[2]) <= toDouble(rangesSplittedl[2])) {
copiediotdata3.add(copiediotdata.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdataSplitted2[3]) < toDouble (rangesSplitted[1])) {
dTotalError += toDouble(rangesSplitted[1])
- toDouble (copiediotdataSplitted2[3]) ;
dLineError += toDouble(rangessSplitted[!1]) - toDouble(copiediotdatasplitted2[3]):

if (dLineError > maxError) {
maxBError = dLineError;
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}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiedictdataSplitted2[?]) > toDouble(rangesSplitted[2])) {
dTotalError += toDouble(copiediotdataSplitted2[3])
- toDouble(rangesSplitted[Z]);
dLineError += toDouble(copiediotdataSplitted2[2]) - toDouble(rangesSplitted[2]1);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}

errorFound = true;

}
}
// checks if WINTER
else if ((iSeason == 12) || (iSeason == 1) || (iSeason == 2)) {
if (toDouble(copiediotdatasplitted2[3]) »= toDouble(rangessplitted[!])
&& toDouble (copiediotdataSplitted2[2]) <= toDouble(rangesSplitted[2])) {
copiediotdatal3.add(copiediotdata.get(i))

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasplitted2[3]) < toDouble(rangessplitted[!1])) {
dTotalError += toDouble (rangesSplitted[l])
- toDouble(copiediotdatasplitted2[3]) ;
dLineError += toDouble(rangesSplitted[l]) - toDouble (copiediotdataSplitted2[3]);
if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiedictdataSplitted2[?]) > toDouble(rangesSplitted[2])) {
dTotalError += toDouble(copiediotdataSplitted2[3])
- toDouble({rangesSplitted[’]);
dLineError += toDouble(copiediotdataSplitted2[3])

- toDouble (rangesSplitted[2]) ;

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (rangesSplitted[0].equals("kwh")) {
if (toDouble(copiedictdataSplitted2[7]) <= toDouble(rangesSplitted[1])) {
copiediotdata3.add(copiediotdata.get(i));
} else {
dTotalError_kWh += toDouble(copiediotdataSplitted2[7]) - toDouble(rangesSplitted[”1);
dTotalError += toDouble (copiediotdatasSplitted2[7]) - toDouble(rangessplitted[2]);
dLineError += toDouble (copiediotdataSplitted2[7]) - toDouble (rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (copiediotdataSplitted2[2].startsWwith("Ls")) // gets LS for light sensor
{
// checks LIGHT
if (rangessplitted[2].equals("LIGHT")) {
if ((getHour (copiediotdataSplitted2[0]) »= ruleHourFrom({rangesSplitted[U])
&& getHour (copiediotdatasplitted2[0]) <= ruleHourTo(rangessSplitted[0]))
&& toInt(copiediotdataSplitted2[2]) »= toInt(rangesSplitted[.])
&& tolInt(copiediotdatasplitted2[2]) <= toInt(rangessSplitted[2])) {
copiediotdata3.add (copiediotdata.get(i));
//updateopenhabRules ("Light", "ON"):

} else {

A-27



(R R
=

//updateOpenhabRules ("Light", "OFF");
// assigns TOTAL ERROR AND CURRENT RECORD ERRCR
if ((getHour (copiediotdatasplitted2[0]) >= ruleHourFrom(rangessSplitted[(])
&& getHour (copiediotdataSplitted2([0]) <= ruleHourTo (rangesSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]) < toDouble(rangesSplitted[11)) {
dTotalError += toDouble(rangesSplitted[!]) - toDouble(copiediotdataSplitted2[3]);
dLineError += toDouble(rangesSplitted[!]) - toDouble(copiediotdataSplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLinsError < minError) {
minError = dLineError;
}
errorFound = true;
} else if ((getHour (copiediotdataSplitted2([0])} >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdatasplitted2[l]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]) > toDouble(rangesSplitted[2]1))
dTotalError += toDouble (copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble(copiediotdataSplitted2[3]) - toDouble{rangesSplitted[2]):

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of: checks LIGHT

// checks SUNNY
if (rangessplitted[2].equals("s "y o
if ((getHour (copiediotdatasSplitted2[(]) >= ruleHourFrom(rangesSplitted[(])
&& getHour (copiediotdataSplitted2[(]) <= ruleHourTo(rangesSplitted[0]))
&& toInt(copiediotdataSplitted2[3]) >= tolInt(rangesSplitted['])
&& toInt(copiediotdatasSplitted2[3]) <= toInt(rangesSplitted[2])) {
copiediotdata3.add(copiediotdata.get(i));

} else if (toDouble(copiediotdataSplitted2[3]) < toDouble(rangesSplitted[!1)) {
// assigns TOTAL ERROR AND CURRENT RECORD ERRCR

drotalError += toDouble(rangessSplitted[l]) - toDouble(copiediotdatasplitted2[2]);
dLineError 4= toDouble(rangesSplitted[l]) - toDouble(copliediotdataSplitted2[2]);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdataSplitted2[3]) > toDouble(rangesSplitted[2])) {
dTotalError += toDouble (copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble (copiediotdatasplitted2[2]1) - toDouble(rangessplitted[2]);

if (dLineError > maxgrror) {
maxError = dLineError;

}

if (dLineError < minError) ({
minError = dLineError;

}

errorFound = true;

}
} // end of :checks SUNNY

// checks CLOUDY
if (rangesSplitted[3].equals("CLoUDY")) {
if ((getHour(copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toInt(copisdiotdataSplitted2[3]) >= toInt(rangesSplitted['])
&& toInt(copiediotdataSplitted2[3]) <= toInt(rangesSplitted[2])}) {
copiediotdata3l.add(copiediotdata.get(i)) ;

} else {
// assigns TOTAL ERROR RND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[2]) < toDouble(rangesSplitted[11)) {
dTotalError += toDouble(rangesSplitted[']) - toDouble(copiediotdataSplitted2[3]);
dLineError += toDouble(rangesSplitted[']) - toDouble(copiediotdataSplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}
errorfFound = true;
} else if (toDouble (copiediotdataSplitted2[2]) > toDouble(rangesSplitted[2]1)) {
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dTotalError += toDouble (copiediotdataSplitted2[3]) - toDouble (rangesSplitted[2]);
dLineError += toDouble(copiediotdataSplitted2[2]) =- toDouble({rangessSplitted[2]1);

if (dLineError > maxgerror) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of :checks CLOUDY

// checks DOOR OPEN-LIGHT
if (rangesSplitted[3].equals("DOOR OPEN-LIGHT"}) {
if ((getHour (copiediotdataSplitted2[0]) »= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted([0]))
&& toInt(copiediotdatasplitted2[3]) >= tolInt(rangesSplitted[l])
&& toInt(copiediotdatasplitted2[2]) <= toInt(rangessplitted[2])) {
copiediotdata3.add(copiediotdata.get (i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasplitted2[2]) < toDouble(rangessplitted[l1}) {
dTotalError += toDouble(rangesSplitted[l]) - toDouble(copiediotdataSplitted2[3]);
dLineError += toDouble(rangesSplitted[l]) - toDouble(copiediotdataSplitted2[3]1);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdatasSplitted2[3]) > toDouble(rangesSplitted[2])) |
dTotalError += toDouble(copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble (copiediotdataSplitted2[3]) - toDouble{rangesSplitted[2]);

if (dLineError > maxBrror) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;
}
}
} // end of :checks DOOR OPEN-LIGHT

if (rangesSplitted[0].equals{"kwh")) {
if (toDouble(copiediotdataSplitted2[7]) <= toDouble(rangesSplitted[1]1)) {
copiediotdata3.add(copiediotdata.get (1)) ;
} else {
dTotalError kWh += toDouble(copiediotdataSplitted2[7]) - toDouble(rangesSplitted[2]);
dTotalError += toDouble (copiediotdataSplitted2[7]) =- toDouble(rangesSplitted[Z]);
dLineError += toDouble (copiediotdataSplitted2[7]1) - toDouble(rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
} // end of kWh check

} // end of L3
}
if (errorFound == true) {

errorsize++;
errorFound = false;

} catch (Exception ) {
System.out.println("Second: " + errorline + "\tException:\t" + e);

new DecimalFormat ("#.#4%4");
df . setRoundingMode (RoundingMode . CEILING) ;

dTotalError = dTotalError *
String labellél = "Total E
String labell58 = "Max E
String labell537 = "Min Error: " + df.format({minError * 10

// 1075
" 4 df.format{(dTotalError * 00} / formaliseMaxError);
" 4 df.format ((maxError * 1 / formaliseMaxError) + "
/ formaliseMaxError) + "
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// calculate Total Average Error

double averageErrorTotal = toDouble(df.format ((dTotalError / copiedictdata.size()))):

String labell53 = "Total A age Error: " + df.format((averageErrorTotal * 100) / formaliseMaxError) + "%";
totalaverageerror = toDouble(df.format((averageErrorTotal * 100) / formaliseMaxError));

// calculate Budget Average Error

double averageError Budget = toDouble(df.format((dTotalError kWh / copiediotdata.size())));

String labell51 = "Bud sy age Error: " + df.format((averageError_Budget * 100) / formaliseMaxError) + "%";

budgeterror = toDouble(df.format((averageError Budget * 100) / formaliseMaxError));

// calculate Convenience Average Error

double averageError Concenience tobouble(df. format (((dTotalError - dTotalError kWh) / copiediotdata.size()))):

String labell52 = rag
+ df.format ((averageError_Concenience * 100) / formaliseMaxError) + "3";

convinienceerror = toDouble (df.format ({averageError_Concenience * 100) / formaliseMaxError));

.on

Average Er

System.out.println(labellél) ;
System.out.println(labell58) ;
System.out.println(labell57) ;
System.out.println(labell53) ;
System.out.println(labell51) ;
System.out.println(labell52) ;

copiediotdata3.clear() ;

// AkkkAkkkAkAkX XX KGECOND RUN* A A *kkkkk kA h Ak kA kA XAk Ak AKXk hhkx %k
Double meansSum = 0.0

maxError = 0.0;
minError = 100.0;
dTotalError = 0;
dLineError = 0;
try {
for (int i = 0; i <« copiediotdata.size(); i++) {
dLineError = 0;// gets the total record line error in regards of all the ranges
for (int k = U; k < listRanges.length; k++) {

errorLine = makeDataline (copiediotdata.get(i));

String[] copiediotdatasplitted? = copiediotdata.get(i);
String[] rangesSplitted = listRanges[k];

if (copiediotdataSplitted2[2].startsWith("T")) // gets T for temperatures
{

// checks time and temperature and if season is empty

if ((('rangesSplitted[0].equals("SUMMER")) || ('rangesSplitted[0].equals("WINTER")))
&& (rangesSplitted[3].equals("TEMPER."))) {
if ((getHour (copiediotdataSplitted2[0]) >= ruleHourFrom{rangesSplitted[(])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]1) »>= toDouble(rangesSplitted[l])
&& toDouble (copiediotdatasplitted2[3]) <= toDouble(rangessplitted[2])) {
copiediotdata3.add(copiediotdata.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if ((getHour(copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdatasplitted2[l]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]) < toDouble(rangesSplitted[1])) {
dTotalError += toDouble (rangesSplitted[1]) - toDouble (copiediotdataSplitted2[3]);
dLineError += toDouble(rangesSplitted[']) - toDouble(copiediotdataSplitted2[3]1);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLinsError < minError) {
minError = dLineError;
}
} else if ((getHour (copiediotdataSplitted2[0]) >= ruleHourFrom{rangesSplitted[0])
&& getHour (copiediotdatasplitted2[l]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble (copiediotdataSplitted2[3]) > toDouble(rangesSplitted[2])) {
dTotalError += toDouble (copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLinsError += toDouble({copiediotdataSplitted2[3]) - toDouble{rangesSplitted[2]):;

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLinsError < minError) {
minError = dLineError;

}

}

if (((rangesSplitted[(].equals("SUMMER"))} || {(rangesSplitted[(].equals{"¥
&& (rangessSplitted[3].equals("TEMEER."))) {
int iSeason = getMonth(copiediotdataSplitted2[01);

NTER"}))

// checks if SUMMER
if ((iSeason ©) || (iSeason == 7) || (iSeason =
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f—] if (toDouble (copiediotdatasplitted2[3]) >= toDouble(rangessplitted[1])
&& toDouble (copiediotdataSplitted2[3]) <= toDouble(rangesSplittedl[21}) {
copiediotdata3.add (copiediotdata.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
=] if (toDouble (copiediotdataSplitted2[3]) < toDouble (rangesSplitted[11)) {
dTotalError += toDouble(rangesSplitted['])
- toDouble (copiediotdatasplitted2[3])
dLineError += toDouble(rangesSplitted[!]) =- toDouble(copiediotdataSplitted2[3]);

= if (dLineError > maxError) {
maxError = dLineError;
}
-] if (dLineError < minError) {
minError = dLineError;
r }
} else if (toDouble(copiediotdataSplitted2[3]) > toDouble(rangesSplitted[Z]1)) {
dTotalError += toDouble (copiediotdataSplitted2[3])
- toDouble (rangesSplitted([2]);
dLineError += toDouble (copiediotdatasSplitted2[3]) - toDouble(rangessSplitted[2]);
P

> maxError
dLineError;

&= if {dLineError
maxError =

}

-] if (dLineError < minError) {

minError = dLineError;

f }

r }
r }
// checks if WINTER
= else if ((iSeason == 12) || (iSeason == 1) || (iSeason == 2)) {
g if (toDouble(copiedictdataSplitted2[3]) >= toDouble(rangesSplitted[1])
&& toDouble (copiediotdatasplitted2[2]) <= toDouble(rangessplitted[?]1)) {
copiediotdata3.add(copiediotdata.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
=] if (toDouble (copiediotdataSplitted2[3]) < toDouble(rangesSplitted[1]1)) {
dTotalError += toDouble(rangesSplitted['])
- toDouble (copiediotdataSplitted2([3]);
dLineError += toDouble (rangesSplitted[1]) - toDouble (copiediotdataSplitted2[3]);

= if (dLineError > maxError) {
‘maxError = dLineError‘;
}
= if (dLineError < minError) {
minError = dLineError;
F }
} else if (toDouble (copiediotdataSplitted2[2]) > toDouble (rangesSplitted[2]1)) {
dTotalError += toDouble(copiediotdataSplitted2[i])
- toDouble (rangessSplitted[2]);
dLineError += toDouble(copiediotdataSplitted2[3]) - toDouble (rangesSplitted[2]);
= if (dLineError > maxError) {
maxError = dLineError;
}
=i if (dLineError < minError) {
minError = dLineError;
I }
r }
r }
r }
r }
E if (rangesSplitted[(0].equals{"kwh")} {
=i if (toDouble (copiediotdatasplitted2[7]) <= toDouble (rangessSplitted[1]))} {
copiediotdata3.add(copiediotdata.get(i));
} else {
dTotalError += toDouble (copiediotdatasSplitted2[7]) - toDouble(rangessplitted[?]);
dLineError += toDouble (copiediotdataSplitted2([7]) - toDouble (rangesSplitted[2]);
/1
=] if (dLineError > maxError) {
maxError = dLineError;
}
1610 H if (dLineError < minError) {
1611 minError = dLineError;
lel2 H }
1613 errorFound = true;
1614 H }
1615 H }
16l6
1617 | }
1618
1619 if (copiediotdatasplitted2[2?].startswith("Ls")) // gets LS for light sensor
1620 H {
1621 [lj // checks LIGHT
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if (rangesSplitted[2].equals("LIGHT")) {
if ((getHour{copiediotdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toInt(copiediotdataSplitted2[2]) »= tolInt(rangesSplitted[1])
&& toInt(copiediotdataSplitted2[3]) <= tolInt(rangesSplitted[2])) {
copiediotdata3.add(copiediotdata.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if ((getHour (copiedictdataSplitted2[0]) >= ruleHourFrom(rangesSplitted[(])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble(copiediotdatasplitted2[3]) < toDouble(rangesSplitted[1])) {
dTotalError += toDouble(rangesSplitted[1])

- toDouble {copiediotdataSplitted2[3]) ;
dLineError += toDouble(rangesSplitted[l1])

- toDouble (copiediotdatasSplitted2[2]);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
} else if ((getHour (copiediotdatasplitted2([(]) >= ruleHourFrom(rangesSplitted[0])
&& getHour(copiediotdataSplitted2[U]) <= ruleHourTo(rangesSplitted[0]))
&& toDouble(copiediotdataSplitted2[3]) > toDouble{rangesSplitted[2])) {
dTotalError += toDouble(copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble (copiediotdataSplitted2[2]) - toDouble(rangesSplitted[2]):;

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

}
}
} // end of: checks LIGHT

// checks SUNNY
if (rangessplitted[3].egquals("sU "y o
if ((getHour(copiediotdataSplitted2[U]) >= ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo(rangesSplitted[0]))
&& toInt(copiediotdataSplitted2[3]) >= tolInt(rangesSplitted[1])
&& toInt(copiediotdataSplitted2[3]) <= tolInt(rangesSplitted[2]1)) {
copiediotdata3.add(copiediotdata.get(i));

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[3]) < toDouble(rangesSplitted[1])) {
dTotalError += toDouble (rangesSplitted[l])
dLineError += toDouble(rangesSplitted[1])

- toDouble (copiediotdataSplitted2[3]);
- toDouble (copiediotdataSplitted2[3]);

if (dLineError > maxgrror) {
maxError = dLineError;
}
if (dLineError < minError) ({
minError = dLineError;
}
} else if (toDouble{copiediotdataSplitted2[2]) > toDouble(rangesSplitted[?]1)) {
dTotalError += toDouble (copiediotdatasSplitted2[3])

- toDouble {rangesSplitted[2]);
dLineError += toDouble(copiedictdataSplitted2[3])

- toDouble{rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLinsError;

}

if (dLineError < minError) {
minError = dlLineError;

}

}
} // end of :checks SUNNY

// checks CLOUDY
if (rangessplitted[3].equals({"CL ")
if ((getHour (copiediotdatasplitted2[0]) »= ruleHourFrom(rangesSplitted[01)
&& getHour (copiediotdatasplitted2[0]) <= ruleHourTo(rangessplitted[01))
&& toInt{copiediotdatasplitted2[3]) >= tolInt(rangesSplitted[l])
&& toInt(copiediotdatasplitted2[2]) <= toInt(rangessSplitted[2]1)) {
copiediotdata3.add(copiediotdata.get(i});

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasplitted2[3]1) < toDouble(rangessplitted[l]1)) {
dTotalError += toDouble(rangessplitted[l]) - toDouble(copiediotdatasSplitted2[2]);
dLineError += toDouble(rangessplitted[1])} - toDouble(copiediotdatasplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) ({
minError = dLineError;
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} else if (toDouble(copiediotdataSplitted2[3]1) > toDouble(rangesSplitted[21}) ({
dTotalError += toDouble(copiediotdataSplitted2[3]) - toDouble(rangesSplitted[2]);
dLineError += toDouble (copiediotdataSplitted2[3]) - toDouble (rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

I
}
}
} // end of :checks CLOUDY

// checks DOOR OPEN-LIGHT
if (rangesSplitted[3].equals("DOOR OPEN-L 7)) {4
if ((getHour (copiediotdatasplitted2[0]) >= ruleHourFrom{rangesSplitted[(]}
&& getHour (copiediotdataSplitted2[0]) <= ruleHourTo{rangesSplitted[0]))
&& toInt(copiediotdataSplitted2[3]) >= tolnt(rangesSplitted[l])
&& toInt{copiediotdataSplitted2[3]) <= toInt({rangesSplitted[2])) {
copiediotdata3.add(copiediotdata.get(i)) ;

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdatasplitted2[3]) < toDouble(rangesSplitted[11)) {
dTotalError += toDouble(rangesSplitted[']) - toDouble(copisdiotdataSplitted2[3]1);
dLineError += toDouble (rangesSplitted[l]) - toDouble (copiediotdataSplitted2[3]);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
} else if (toDouble (copiediotdataSplitted2[3]) > toDouble (rangesSplitted[2]1)) {
dTotalError += toDouble (copiediotdataSplitted2[2]) =- toDouble(rangesSplitted[Z]);
dLineError += toDouble (copiediotdatasSplitted2[3]) - toDouble(rangesSplitted[2]);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}

}
}
} // end of :checks DOOR OPEN-LIGHT

if (rangesSplitted[(].equals{"kWh")) {
if (toDouble {copiediotdataSplitted2[7]) <= toDouble(rangesSplitted[1]1)) {
copiediotdata3.add(copiedioctdata.get(i));
} else {
dTotalError += toDouble (copiediotdataSplitted2[7]) - toDouble(rangesSplitted[2]);
dLineError += toDouble(copiediotdataSplitted2[7]) - toDouble(rangesSplitted[2]);

if {dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;
}
} // end of kWh check

} // end of LS

meansSum = meansSum + Math.pow(dLineError - averageErrorTotal, 2);

}
} catch (Exception e) {
System.out.println("Second: " + errorLine + "\tException:\t" + €);

df = new DecimalFormat ("#
df . setRoundingMode (RoundingMode . CEILING) ;

paaany -

double standardDeviation = Math.sqgrt(meansSum / copiediotdata.size());

String labellSé = "Standard Deviation: ™ + df.format((standardDeviation * 100) / formaliseMaxError) + "%";
deviation = toDouble(df.format({(standardDeviation * 100) / formaliseMaxError)):;
System.out.println{labell5e) ;

copiediotdata3.clear();

postData() ;
}// END OF ENERGY PLANNER - number of modifications
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GreenPlanner.java

1 o/*

2 This file implements the Green Planner algorithm.

3 Copyright (C) 2021 Antonis Vasileiou

4 This program is free software: you can redistribute it and/or modify
5 it under the terms of the GNU Gensral Public License as published by
[} the Free Software Foundation, either version 3 of the License, or

7 (at your opticn) any later version.

8 This program is distributed in the hope that it will be useful,

2] but WITHOUT ANY WARRANTY; without even the implied warranty of

10 MERCHANTABILITY or FITNESS FOR A PRRTICULAR PURFOSE. See the

11 GNU General Public License for more details.

12 You should have received a copy of the GNU General Public License

13 along with this program. If not, see https://www.gnu.org/licenses/gpl-3.0.html.
14 Lxf

15 package iotprojectpackage;

le

7 import java.io.BufferedReadesr;

8 impert java.io.DataOutputStream;

13 import java.io.FileWriter;
20 import java.io.InputStreamReader;

21 impeort java.math.RoundingMode;
22 import java.net.HttpURLConnection;
23 impeort java.net.URL;

24 impert java.nio.charset.StandardCharsets;
25 import java.text.DecimalFormat;
26 import java.text.ParseException;
7 import java.text.SimpleDateFormat;
8 impeort java.time.ZoneId;
29 import java.util.ArrayList;
30 impeort java.util.Calendar;
31 import java.util.Date;
32 import java.util.GregorianCalendar;
33 impeort java.util.Random;
34
35 import com.google.gson.Gson;
36 import com.google.gson.JsonArray;
7 impeort com.google.gson.JsonObject;
8 import com.google.gson.JsonParser;
39
40 public class GreenPlanner {
41
42 private String errorlLine;// glohal
43
44 private SimpleDateFormat simpleFormatter = new SimpleDateFormat ("vyyyy-M¥M-dd HH:mm:ss™)
45 private SimpleDateFormat getHour = new SimpleDateFormat("HH") ;
46 private Date dtTemp;
7 private double contiguous_ms = 0;
private String monthlyRWH_listAssignment = "original"; // to help identify allowed kwh ArrayList->original,

5 o o0

// 1%,5%,10% or 20%

private Arraylist<String[]> copiediotdata;

1 private Arraylist<String[]> GreenPlannerData;

2 private ArrayList<String[]> copiediotdata3;

3 private ArraylList<String[]> MRTrules;

4 private boolean solutionsFound;

5 private Arraylist<String[]> recursicnResults = new ArraylList<Stringl[l>();
6 private double public ms = 0;

7 private int recursivelterator = 0;

8 private String urlString = "http://10.16.30.73/imcfgp/api/update-results";
=) private double totalaverageerror = 0.0;

private double budgeterror = 0

P I L e = = (O, B, B BT BT BT BT BT RV Y T SN

1 private double convinienceerror ;

2 private double deviation = 0.

3 private double totalkwh = 0.0;

4 private double total_daily ms_C02 = 0;

5 private double kwh with CO2 =

66 private double kwh _without CO2 = 0

67 private double CO2_kg emissions = 0;

68

69 private String listRanges[][];
70 private String kwhpermonth = "";
71
72 H public GreenPlanner() {
73 solutionsFound = false;
74 | }
75
76 © public void ArrayArraylList fromString toStringArray(ArrayList<String> ArrayList_ from,
77 ArrayList<String[]> ArraylList_to) {
78
79 H for (int i = 0; i1 < ArraylList_from.size(); i++) {

string templ] = ArrayList_from.get(i).split("\\|");
ArrayList_to.add(temp) ;

}

=] public String makeDataline (String[] array) {
String s = "";

String seperator = "|[";

int count = 0;

int length = array.length;

Ao s W N
T
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92

93

cl

95

96

97

98

99
100
101
102
103
104
105
106
107
108
108
110
111
112
113
114
115
116
117
118
118
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

181

=]

for (String temp : array) {
if (count == length - 1) {
s = s.concat (temp) ;
} else {
s = s.concat (temp) ;
s = s.concat (seperator) ;
}
count++;

}

return s;

}

public static String[] addX(String myarray[], String ele)

int n = myarray.length;

String newArrayl[] = new String[n + 11;

// copy original array into new array

for (int i = 0; 1 < n; i++)
newhArray[i]l = myarrayl[il;

// add element to the new array
newhArray[n] = ele;

return newhrray;

}

// converts string to double
public double toDouble(String str) {

return Double.parseDouble(str);
}

// converts string to double
public int toInt(String str) {

return Integer.parseInt(str);

// returns hour from record datetime
public int getHour(String date) {

return toInt(date.substring(ll, 13)});

// returns meonth from record datetime
public int getMonth(String date) {

return toInt(date.substring(>, 7));
}

// returns month from record datetime
public int getDay(String date) {

return tolInt(date.substring(t, 10));
}

// returns the hour the rule starts
public int ruleHourFrom(String ruletime) {

return toInt(ruletime.substring(0, 2));
}

// returns the hour the rule ends
public int ruleHourTo(String ruletime) {

return toInt(ruletime.substring(é, &));

public void postData() {
try {

String urlParameters " + totalkwh + "&gp_totalE " + totalaverageerror
+ "&gp_conve " + convinienceerror + "&gp budgetError=" + budgeterror
+ "sgp_standardDeviation=" + deviation + "agp _per_month=" + kwhpermonth + "&g
+ kwh with €02 + "&gp kwh without co2=" + kwh without CO2 + "&gp coZ emissions kg
+ C02_kg emissions;

byte[] postData = urlParameters.getBytes(StandardCharsets.UTF 8§);

int postDatalength = postData.length;

P_
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182 URL url = new URL(urlString);
183 HttpURLConnection conn = (HttpURLConnection) url.openConnection();
184
185 conn.setDoCutput (true) ;
186 conn.setRequestMethod ("POST") ;
187 conn.setRequestProperty("Content-Type", "appl form-urlencoded") ;
188 conn.setRequestProperty("Charset™, "UTEF-8");
189 conn.setRequestProperty("Content-Length", Integer.toString(postDatalength));
190 conn.setUseCaches (false) ;
191
182 conn.connect () ;
193
194 DataQutputStream wr = new DataOutputStream(conn.getOutputStream()});
195 wr.write (postData) ;
196 conn.getResponseCode() ;
197
198 } catech (Exception e) {
199 for (StackTraceElement s : e.getStackTrace(})
200 System.out.println(s);
2008 - }
202808 - }
203
204 // STRART OF CALCULATE KWH METHOD - number of modifications (GREEN PLANNER)
205 © public double calculateKWHS (ArrayList<Stringl[]> sRecordsDaily) {
206
207 ArrayList<String[]l> copiediotdatakwh = new ArrayList<String[]l>(sRecordsDaily) ;
208 Arraylist<Integer> removedMetaRules = new Arraylist<Integer>();
209
210 Random rand = new Random() ;
211 boolean startALLzeros = false;
212 boolean startALLrandom = false;
213 int numofloops = 3;
214 boolean randomRule[] = new boolean[listRanges.length];
215 int numrules = listRanges.length;
216 int random;
217 H if (removedMetaRules.size() == 1) {
218 E if (startRLLzeros true) {
219 H for (int d = 0; d < randomRule.length; d++) {
220 randomRule [d] = false;
221 removedMetaRules.add (d) ;
22708 - }
223 } else if (startALLrandom == true) {
224 [H for (int d = 0; d < randomRule.length; d++) {
225 // generates random number from 0 to 1
226 random = rand.nextInt(?) ;
= if (random == ()

randomRule [d] = false;
removedMetaRules.add (d) ;
} else {
randomRule [d] = true;
r }

r }

} else {

= for (int d = 0; d < randomRule.length; d++) {
randomRule [d] = true;

r }

r }

// for predifined times add or remove rules
= for (int i = 0; i < numofloops; i++) {
random = rand.nextInt (numrules);

= if (randomRule[randoml) {

randomRule [random] = false;
removedMetaRules.add (random) ;
} else {

randomRule [random] = true;
removedMetaRules.remove (Integer.valueOf (random) ) ;

r }

randomBRule [random] = true;
removedMetaRules.remove (Integer.valueOf (random) ) ;

= if (solutionsFound == false) {
9 for (int i = 0; i < numofloops; i++) {
0 random = rand.nextInt (numrules);
1
2 if (randomRule[random]) {
3 randomRule [random] = false;
4 removedMetaRules.add (random) ;
5 } else {
6

}

} else if (solutionsFound == true) {

[ R - (=M N~ (O A M = e A O

= o wom

A-36



E for (int d = 0; d < randomBule.length; d+) [
randomRule [d] = true;

)]
=] for (int i = 0; i < removedMetaRules.size(); i+4) {
randomRule [removedMetaRules.get(i)] = false;
)]

}

int IFTTTconstraintshpplied =
double milliWatts = 0;

Date dtl = dtTemp.
Date dt2:

le span;
: ms = 0;

localContiguous ms = contiguous ms;

o daily ms €02 = 0;

ArrayList<Double> monthlyXWH = new ArrayList<Double():
Calendar cdt]l = GregorianCalendar.getInstance()}: // cr
Calendar cdt2 = GregorianCalendar.getInstance();

7.96, 10.23,
double[] d = new double[] { JE1, T44.42, 347.39, .51, 24 4, 297.77, 347.39, 446.65, 297.77, . 17,
for (int i = 0; i < d.length; i++)
monthly¥wWH.add(d[i]} .
} wlse if (monthlyBWH listAssignment.equals{"1")}) {
monthlyKWH = new ArrayList<s():
doublel] d = new doublef] { : .06, 7.96, 4.55, 5.69, €.82, 7.96, .23, 6.82, 5.8%, 6.82, . }:
for (int i = 0; i « d.length; i++)
monthly¥wWH.add(d[i])
} alza if (monthlyEWH listhssigrnment.equals("5")) {
monthlyKWd = new ArrayList<s();
double[] d = new double[] { . .21, 7.56, 4.32, 5.40, €.46, 7.5&, .72, ©€.40, 5.40, ©.48, . }i
for (int i = 0; i < d.length; i++)
monthly¥WH. add (d[i]) ;
} wlse if (monthlyEWH_listRssignment.egquals("10")) {
monthlyKWH = new ArrayList<»().
double[] d = new double[] { . -35, 7.17, 4.09, 5.12, 6.14, 7.17, 9.21, 6.14, 5.12, 6.14, - ¥
317 for (int i = 0; 1 < d.length; i++)
318 monthlyKWH. add (d[1]) ;
319 } else if (monthlyRWH_listAssignment.equals("20")) {
320 monthlyKWH = new ArrayList<>();
321
322 double[] d = new double[] { 20.01, 13.65, 6.37, 3.64, 4.55, 5.46, 6.37, 8 5.46, 4.55, 5.46, 10.92 };
323 for (int i = 0; 1 < d.length; i++)
324 monthlyKWH. add (d[1]) ;
325 } else if (monthlyRWH listAssignment.equals("30")) {
326 monthlyKWH = new ArrayList<>();
327 double[] d = new double[] { 1, %4, 5.57, 3. 5.57, 7 4. 55 );
328 for (int i = 0; 1 < d.length; i++
329 monthlyKWH.add (d[1]) ;
330 } else if (monthlyRWH listAssignment.equals("40")) {
331 monthlyKWH = new ArrayList<>();
332 double[] d = new double[] { 15.01, 10.24, 4. 3.41, 4.09, 4.09, 3.41, 4.09, 8.19 };
333 for (int i = 0; 1 < d.length; i++)
334 monthlyKWH.add (d[1]) ;
EEIE }
336
337 B try {
338
339 ArraylList<String> listRules = new ArrayList<String>():
340
341 H for (int d = 0; d < randomRule.length; d++) {
342 if (randomRule[d]) {
343 // temp
344 if (listRanges[d][?].equals("TEMFER.")) {
345 H listRules.add(listRanges[d][0] + """ 4+ "+" + listRanges[dl[!] + "|" + "——=" + "|"
346 e + listRanges[d][1] + "|" + "——" + "|" + "——" 4+ "|" 4+ "——-" 4 "|" 4 "SET TEMPERATURE");
347 F }
348 // light
349 H if (listRanges[d][2].equals("LIGHT")) {
350 E listRules.add(listRanges[d][0] + " " + "-— + "|" 4 "+" 4 listRanges[d][.] + " "
351 | + listRanges[d][1] # "1™ + "———" 4 T[T 4 M0 4 MW g n__Zwog4onin 4 wSEe [IGETV)
352 ] }
353 IFTTTconstraintsApplied++;
354
. }
356 }
357
358 O for (int i = 0; 1 < copiediotdatakwh.size(); i++) {
359
360 for (int k = k¥ < listRules.size(); k++) {
361 errorline = String.join("|", copiediotdatakwh.get(i));
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62

63 String[] copiediotdataSplitted = copiediotdatakwh.get (i);

64 String[] rulesSplitted = listRules.get(k).split("\\1");

65

66 if (copiediotdatasSplitted[2].startsWith("T")) // gets T for temperatures

67 H {

6 E // checks time and temperature and if season,wether,door is empty

6 = if (!'rulessplitted[!].equals("---") && rulesSplitted[4].equals("-—-")

7 && rulesSplitted[5].equals(”"——-") && rulesSplitted[c].equals("—-")})} {
7 =] if (getHour (copiediotdataSplitted[0]) >=

ruleHourFrom(rulesSplitted[0])
&& getHour (copiediotdataSplitted[U]) <=
ruleHourTo(rulesSplitted[01)) {

dt2 = simpleFormatter.parse (copiediotdatasSplitted[0].substring(0, 10));
span = Math.abs(dt2.getTime() - dtl.getTime());
ms += span;
dtl = dt2;
cdt2 = GregorianCalendar.getInstance(); // creates a new calendar instance
cdt2.setTime (dt2) ; // assigns calendar to given date

=] if ( cdt2.get(Calendar.HOUR) >= [ && cdt2.get(Calendar.HOUR) <= 1°
&& copiediotdataSplitted[4].equals("sky is clear")) {
daily ms CO2 += span;

r }

HdoE WNFE OoOwO-1o0 e WNEFEOWw®
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8
8
88 localContiguous _ms += span;
89 double secondsTemp = localContiguous ms / 1000;
90 double hoursTemp = secondsTemp / H
91 double kWhTemp = ((hoursTemp * 320) / 1000) * 1100;
92 copiediotdatasSplitted = addxX(copiediotdataSplitted, String.valueof (kWhTemp));
93
g4 milliWatts = milliWatts + 2320;
95 copiediotdataSplitted[Z] = rulesSplitted([2];
96 copiediotdatakwh.set (i, copiediotdataSplitted) ;
97 break; // its already on the ArrayList no need to add it twice
98
. }
400
401 E }
402
403 - }
404
405 if (copiediotdataSplitted[2].startsWith("Ls")) // gets LS for light sensor
406 © {
407 // checks LIGHT , and if weather,door is empty
408 H if (!'rulessplitted[2].equals("---") && rulesSplitted[5].eguals("---")
409 && rulessSplitted[c].equals{"——-")) {
410 // checks time and light wvalue
411 ©H if (getHour (copiediotdataSplitted[0]) >=
412 ruleHourFrom(rulesSplitted[0])
413 && getHour (copiediotdataSplitted[0]) <=
414 ruleHourTo (rulesSplitted[01)) {
415 dt2 = simpleFormatter.parse (copiediotdataSplitted[0].substring(0, 18));
416 span = Math.abs(dt2.getTime() - dtl.getTime());
417 ms += span;
418 dtl = dt2;
419 cdt2 = GregorianCalendar.getInstance(); // creates a new calendar instance
420 cdt2.setTime (dt2) ; // assigns calendar to given date
421 ©H if (cdt2.get(Calendar.HOUR) >= £ && cdt2.get(Calendar.HOUR) <= .5
422 && copiediotdataSplitted[4].equals("sky is clear")) {
423 daily ms CO2 += span;
424 }
425
426 localContiguous ms += span;
427 double secondsTemp = localContiguous ms / 1000;
428 double hoursTemp = secondsTemp / 00;
429 double kWhTemp = ((hoursTemp * J 1000) * 1100;
430 copiediotdatasplitted = addx (copiediotdataSplitted, String.valueOf (kWhTemp)) ;
431
432 copiediotdataSplitted[2] = rulesSplitted[2];
433 // copiediotdata2.add(String.Join("|", copiediotdataSplitted))
434 copiediotdatakwh.set (i, copiediotdataSplitted):;
435 break;
436 }
437
438 } // end of : //checks LIGHT and if weather is empty
439
440 1
441
442 H if (k == listRules.size() - 1)} {
443 dtl = simpleFormatter.parse (copiediotdataSplitted[(].substring(0, 19));
444 }
445
446 }
447
448 String[] copiediotdataSplittedAfterIFTTT = copiediotdatakwh.get (i) ;
445 H if (copiediotdataSplittedAfterIFTTT.length < &) {
T copiediotdatakwh.set (i, addX(copiediotdataSplittedAfterIFTTT, "00"));
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}
}
} ecateh (Exception ex) {
System.out.println("First B: " 4 errorline + " => Exception: " 4 ex);

}

// calculations for TIME (hours), watts and kwh

double seconds = ms [/ 10
double hours = seconds /

double kWh = {((hours *

double seconds CO2 = daily ms co2 / 1000;
double hours CO2 = seconds C02 / 3600;
double kWh CO2 = ((hours COZ * 3

String[] copiediotdataSplitted Month = copiediotdatakwh.get(J);
Date Month;
Calendar calendar;
int currentMonth = 0;
try {
Month = simpleFormatter.parse(copiediotdataSplitted Month[0].substring(0, 19));
calendar = GregorianCalendar.getInstance(); // creates a new calendar instance
calendar.setTime (Month) ; // assigns calendar to given date
currentMonth = calendar.get(Calendar.MONTH) ;
} catch (ParseException el) {
el.printStackTrace() ;
}
// months from calendar are indexed from 0 therefore currentMonth=0 is January
double allowedMonthly kWwh = monthlyKWH.get(currentMonth) * £.5;// 6.5, *7.6;

[/ FFExxxsxsxSECOND AND LAST

',"t' PH_ASEIAIAJllllllllllAAIAIAJllllllllllAAAAIAIAJlllllllllllllllllllllllllll'f/
double dTotalError = 0;

double dLineError = 0;

double dTotalError kWh = 0U;

double maxError = 0

double minError = ;
boolean errorFound = false;
int errorsize = 0;

try {

for (int i = 0; i < copiediotdatakwh.size(); i++) {

~J
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dLineError = 0;// gets the total record line error in regards of all the ranges
for (int k = k < listRanges.length; k++) {
errorLine = String.join("|", copiediotdatakwh.get(i));

String[] copiediotdataSplitted? = copiediotdatakwh.get(i);
String[] rangesSplitted = listRanges[k];

if (copiediotdataSplitted2[2].startsWith("T")) // gsts T for temperatures
{

// checks time and temperature and if season is empty

if (('rangesSplitted[(].equals("SUMMER™) || !rangesSplitted[0].equals("WINTER"))

&& rangesSplitted[2].equals("TEMPER.")) {
if ((getHour (copiediotdatasplitted2[0]) >=
ruleHourFrom(rangesSplitted[0]1))
&& getHour (coplediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble(copiediotdataSplitted2[3]) >=
toDouble (rangesSplitted[1])
&& toDouble(copiediotdataSplitted2[2]) <=
toDouble (rangesSplitted[2])) {
copiediotdata3.add(copiediotdatakwh.get(i)) ;
// its already on the ArrayList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if ((getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted[0]))
&& getHour (copiediotdatasSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble (copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[1])) {
dTotalError = dTotalError + ((toDouble (rangesSplitted[.])
- toDouble(copiediotdataSplitted2[31)) / 1):
dLineError = dLineError + ((tcDouble(rangesSplitted[l])
- toDouble(copiediotdatasSplitted2[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

} else if (getHour (copiediotdataSplitted2[0]) >=

ruleHourFrom{rangesSplitted[0])

A-39



N N T |

&& getHour (copiediotdatasplitted2[0]) <=
ruleHourTo (rangesSplitted[0])

&& toDouble (copiediotdatasSplitted2[3]) >
toDouble (rangesSplitted[2]) ) |

dTotalError = dTotalError + ((toDouble (copiediotdataSplitted2[2])

- toDouble(rangessSplitted[2]1)) / 1);

dLineError = dlineError + ((toDouble(copiediotdatasSplitted2[2])

- toDouble(rangesSplitted[2]1)) / 1)

if (dLineError > maxBrror) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

if ((rangessplitted[(].equals("SUMMER") || rangessSplitted[{].equals("WINTER"))

&& rangesSplitted[3].equals("TEMFER.")} {
int iSeason = getMonth(copiediotdatasplitted2[0]);

// checks if SUMMER
if ((issason == ¢) || (iSsason == 7) || (iSeason == 7)) {
if (toDouble(copiediotdatasSplitted2[3]) >=
toDouble (rangessSplitted[1])
&& toDouble (copiediotdataSplitted2[3]) <=
toDouble (rangessSplitted[2])) {
copiediotdata3.add(copiediotdatakwh.get (1)) ;
// its already on the ArrayList no need to add it twice
} else {
// assigns TOTAL ERRCR AND CURRENT RECORD ERROR
if (toDouble (copiediotdataSplitted2[3]) <
toDouble (rangessSplitted[1])) {
dTotalError = dTotalError + ((toDouble(rangessSplitted[l])
- toDouble (copiediotdataSplitted2([21}) / 1) :
dLineError = dLineError + ((toDouble(rangesSplitted[1])
- toDouble (copiediotdataSplitted2[31}) / 1):

if (dLineError > maxError) {
maxError = dLineError;

T

o e WO D

B AR S C X R = Ve =]

if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdataSplitted2[2]) >
toDouble (rangesSplitted[2])) {

dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[3]1)

- toDouble(rangessSplitted[21)) / 1)

dLineError = dLineError + ((toDouble(copiediotdataSplitted2[3])

- toDouble(rangessSplitted[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
// checks if WINTER
else if ((iSeason == .2) || (iSeason == 1) || (iSeason == 2}) {
if (toDouble{copiediotdataSplitted2([:]) >=
toDouble (rangesSplitted[1])
&& toDouble (copiediotdatasSplitted2[3]) <=
toDouble (rangesSplitted[2])) {
copiediotdata3.add(copiediotdatakwh.get (1)) ;
// its already on the ArrayList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasSplitted2[3]) <
toDouble (rangessSplitted[1]1)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[!])
- toDouble (copiediotdatasSplitted2[31)) / 1)
dLineError = dLineError + ((toDouble(rangesSplitted[l]}
- toDouble (copiediotdatasSplitted2[21)) / 1):

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;
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} else if (toDouble(copiediotdataSplitted2[2]) >
toDouble (rangessSplitted[2])) |
dTotalError = dTotalError + ((toDouble(copiediotdatasSplitted2[3])
- toDouble (rangesSplitted[2]1)) / 1)
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[3])
- toDouble (rangesSplitted[2]1)) [/ 1);

W0 W
=W R

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (rangesSplitted[0].equals("kwh"}) {
if (toDouble(copiediotdataSplitted2[7]) <=
toDouble (rangessSplitted[11)) {
copiediotdata3.add(copiediotdatakwh.get (1)) ;
} else {
dTotalError_kWh = dTotalError_kiWwh + ((toDouble(copiediotdatasplitted2[7])
- toDouble(rangesSplitted[2])) / 1)
dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[7])
- toDouble(rangessSplitted([21)) / 1)
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[7])
- toDouble(rangesSplitted[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorfFound = true;

N O OO OO OO OO OO OO OO OO OO DO OO DGO OO O

}

[= = - - =

if (copiediotdatasSplitted2[?].startsWith("1Ls")) // gets L3 for light sensor

// checks LIGHT
if (rangesSplitted[Z].ecuals("LIGHT")) {
= if (getHour(copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2([0]) <=
ruleHourTo (rangesSplitted[0])
&& toInt(copiediotdataSplitted2[3]) >=
toInt(rangesSplitted[ 1)
&& toInt(copiediotdataSplitted2[3]) <=
toInt(rangesSplitted[2]1)) {

OO oD OO Oy Oy

688 copiediotdatal.add(copiediotdatakwh.get{i)) ;

689 // its already on the ArrayList no need to add it twice
690 } else {

691 // assigns TOTAL ERROR AND CURRENT RECORD ERROR

6%2 Ho if (getHour(copiediotdatasSplitted2[0]) »>=

693 ruleHourFrom(rangesSplitted[(])

694 && getHour (copiediotdataSplitted2[0]) <=

695 ruleHourTo (rangesSplitted[T])

696 && toDouble (copiediotdataSplitted2[2]) <

697 toDouble (rangesSplitted[ 1)) {

698 ©H dTotalError = dTotalError + ((toDouble(rangesSplitted[l])
699 E - toDouble (copiediotdataSplitted2[31)) / 1)

dLineError = dLineError + ((toDouble(rangesSplitted[1])
o - toDouble(copiediotdatasplitted2([21)) / 1):

=] if (dLineError > maxkError) {
maxError = dLineError;
r }
=] if (dLineError < minError) {
minError = dLineError;
r }
errorFound = true;
} else if (getHour (copiediotdatasSplitted2[0]) >=
ruleHourFrom(rangesSplitted[(])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[(])
&& toDouble (copiediotdataSplitted2[3]1) >
toDouble (rangesSplitted([2]1)) {
dTotalError = dTotalError + (({toDouble(copiediotdatasSplitted2[3]1)
- toDouble(rangesSplitted[21)) / 1):
dLineError = dLineError + ((toDouble(copiediotdatasSplitted2[3])
- toDouble (rangesSplitted[21)) / 1)

if (dLineError > maxError) {

A-41



722 maxError = dLineError;

723 o }

724 o if (dLineError < minError) {
725 minError = dLineError;
726 | }

127 errorFound = true;
}
}
} // end of: checks LIGHT

// checks SUNNY
if (rangesSplitted[3].equals(" vy {
if (getHour (copiediotdataSplitted2[(]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdatasSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& tolInt(copiediotdatasSplitted2([2]) >=
toInt (rangessSplitted[.])
&& tolInt(copiediotdatasSplitted2[2]) <=
toInt (rangesSplitted[21)) {
copiediotdatald.add(copiediotdatakwh.get(i));
// its already on the ArraylList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble{copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[11)}) {
dTotalError = dTotalError + ((toDouble(rangessSplitted[!])
- toDouble (copiediotdatasplitted2([31)) / 1)
dLineError = dLineError + ((toDouble(rangessSplitted[!])
- toDouble (copiediotdatasplitted2([3]1)) / 1)

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorfFound = true;
} else if (toDouble(copiediotdataSplitted2[2]) >
toDouble (rangesSplitted[21)) {
dTotalError = dTotalError + ((toDouble (copiediotdataSplitted2[:])
- toDouble (rangesSplitted[2]1)) / 1)
dLineError = dLineError + ((toDouble (copiediotdataSplitted2([3]1)
- toDouble (rangesSplitted[2]1)}) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of :checks SUNNY

// checks CLOUDY
if (rangesSplitted[Z].equals("CLO "
if (getHour (copiediotdataSplitted2[l]) »=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toInt(copiediotdataSplitted2[i]) »>=
toInt {rangesSplitted[1])
&& toInt(copiediotdataSplitted2[3]) <=
toInt(rangessSplitted[2]1)) {
copiediotdata3.add(copiediotdatakwh.get (1)) ;
// its already on the Arraylist no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[11)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[l])
- toDouble{copiediotdataSplitted2[31)) / 1)
dLineError = dLineError + ((toDouble(rangesSplitted[!])
- toDouble(copiediotdatasplitted2[31)) / 1);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdataSplitted2[2]) >
toDouble (rangessplitted[21))
dTotalError = dTotalError + ((tcDouble(copiediotdataSplitted2[3]1)
- toDouble({rangesSplitted[21)) / 1)
dLineError = dLineError + ((toDouble(copiediotdatasSplitted2([3])
- toDouble{rangessSplitted[2]1)) / 1);
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if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorfFound = true;

}
}
} // end of :checks CLOUDY

// checks DOOR OPEN-LIGHT
if (rangesSplitted[3].equals("DOOR OPEN-LIGHT")) {
if (getHour (copiediotdataSplitted2[(0]) >=
ruleHourFrom{rangesSplitted[0])
&& getHour (copiediotdatasplitted2([U]) <=
ruleHourTo (rangesSplitted[0])
&& tolInt(copiediotdatasSplitted2([2]) >=
toInt (rangessSplitted[.])
&& tolInt(copiediotdatasplitted2[Z]) <=
toInt (rangesSplitted[2]1)) {
copiediotdata3d.add(copiediotdatakwh.get(i));
// its already on the ArraylList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdataSplitted2[3]1) <
toDouble (rangesSplitted[1]1)) {
dTotalError = dTotalError + {(toDouble(rangesSplitted[1])
- toDouble (copiediotdatasplitted2[31)}) [/ 1};
dLineError = dLineError + ((toDouble(rangessSplitted[1])
- toDouble (copiediotdatasplitted2[31)) [/ 1);

if (dLineError > maxError) {
maxError = dlLineError;
}
if (dLineError < minError) ({
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdataSplitted2[3]) >
toDouble (rangesSplitted[2]1)) {
dTotalError = dTotalError + ((toDouble (copiediotdatasSplitted2[2])
- toDouble (rangesSplitted[21)) / 1)
dLineError = dLineError + ((toDouble(copiediotdatasSplitted2[:]1)
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- toDouble{ranqessﬁiitted[:]f) } 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of :checks DOOR OPEN-LIGHT

if (rangessplitted[0].equals("kwh")) {
if (toDouble (copiediotdataSplitted2[7]) <=
toDouble (rangesSplitted[.1)) {
copiediotdata3.add(copiediotdatakwh.get(i));
} else {

dTotalError_kiWh = dTotalError_kWwh + ((toDouble(copiediotdatasplitted2[7])

- toDouble (rangesSplitted[21)) / 1);

dTotalError = dTotalError + ((toDouble (copiediotdataSplitted2[7])
- toDouble (rangesSplitted([21)) / 1);

dLineError = dLineError + ({toDouble(copiediotdataSplitted2[7]1)
- toDouble(rangesSplitted[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
} // end of kWh check

} // end of LS
}
if (errorFound == true) {

errorsize++;
errorFound = false;
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} catch (Exception e) {
System.out.println("Second B: " + errorLine);

RN

F }

copiediotdata3.clear();

9

90

9

9

90

907

908

909 [/ FEIFERXEI XK KX kA X KX *A*kx*kxkx*k*end of second phase (calculating Error
910 /7 phase) *x*aExrdkkekrrkkrshes

911

912 if ((kWh > allowedMonthly kWh) && (solutionsFound == false))// || (recursivelterator<e))
913 [ i

914 i

915 [ if (removedMetaRules.size() == numrules) {

9le removedMetaRules.clear () ;

917 o }

918

918 calculateKWHS5 (sRecordsDaily) ;

920 return public ms;

921

922 } else if (recursivelterator < .5) {

923 if (recursionResults.size() == 0)// check if result found first time
924 o {

925 String temp[] = new String[4];

926 String t = "";

927 boolean first = true;

928 [ for (int d = U; d < removedMetaRules.size(); d++) {

929 g if (first) {

930 t = removedMetaRules.get(d) .toString() ;

931 first = false;

932 } else {

933 t = t.concat("," + removedMetaRules.get (d));

934 - }

935 | }

936 temp[l] = t£;

937 temp[l] = String.valueOf (kWh) ;

938 temp[?] = String.valueOf (dTotalError) ;

939 temp[2] = String.valueof{kWh_CO2);

940 recursionResults.add (temp) ;

941 } else {// now check if new result is better than the previous and replace it
G942 Stringl] splitted = recursionResults.get(0);

943 int recIterMinusOne = recursivelterator - 1;

944 double anneallingValue = recIterMinusOne - recIterMinusOne * (2 [/ 15);
945 Random randfAnnealing = new Random() ;

946 int numRandAnnealing = randAnnealing.nextInt{l00);

47 é

48 [ if (kWh CO2 >= toDouble(splitted[3]1)) {

49

String temp[] = new String[4]:;
String t = "";
boolean first = true;
for (int d = 0; d < removedMetaRules.size(); d++) {
if (first) {
t = removedMetaRules.get (d) .toString() ;

56 first = false;
57 } else {
58 t = t.concat("," + removedMetaRules.get(d));
59 - }
o0 }
61 temp[0] = t;
62 temp[l] = String.valueOf (kWh);
63 temp[Z] = String.value0f (dTotalError);
64 temp[3] = String.valueOf (kwh COZ2);
65 recursionResults.set (0, temp):;
66 } else if (numRandAnnealing < anneallingValue) {
67 String temp[] = new String[4];
68 String t = "";
69 hoolean first = true;
70 H for (int d = 0; d < removedMstaRules.size(); d++) {
71 E if (first) {
12 t = removedMetaRules.get (d) .toString() ;
73 first = false;
74 } else {
t = t.concat("," + removedMetaRules.get(d)):;

; }

r }

temp[0] = t;

temp[l] = String.valueOf (kWh);

temp[2] = String.valueOf (dTotalError);
temp[3] = String.valueOf (kWwh CO02);
recursionResults.set (0, temp);

r }
recursivelterator++ H

=] if (removedMetaRules.size() == numrules) {
removedMetaRules.clear() ;

. }

B if (recursivelterator == 15) {
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992 solutionsFound = true;

993 removedMetaRules.clear() ;

994 String[] rs = recursionResults.get(U);

995 String[] splitted = rs[0].split(",");

996 o for (int i = 0; i « splitted.length; i++) {

997 if (splittedl[0].length() == 0)

998 break;

999 removedMetaRules.add (Integer.valueOf (splitted[i])) ;

}
calculateKwWHS (sRecordsDaily) ;
return public_ms;
// return 0;

} else {
contiguous_ms = localContiguous ms;
dtTemp = dtl;
GreenPlannerData.addAll (copiediotdatakwh) ;
removedMetaRules.clear() ;
recursivelterator = 0;
recursionResults.clear() ;
solutionsFound = false;

public ms = ms;
total daily ms_CO02 += daily ms_CO2;
return public ms;

}
}// END OF CRLCULATE KWH METHOD - number of modifications

// GREEN PLANNER (CALCULATEkwhS - associated recursion function)
public void greenplanner (ArraylList<String[]> data, ArrayList<Stringl[]> MRTrulesOriginal, double formaliseMaxError) {

copiediotdata = new ArrayList<String[]>(data); // clone original dataset ArrayList
MRTrules = new ArrayList<String[]>(MRTrulesOriginal);
listRanges = MRTrules.toArray(new String[0][]1);
try |
dtTemp = simpleFormatter.parse("2013-10-22 02:32:34.409"); // temp date
} catch (Exception e) {
System.out.println(e);

}

contiguous ms = 0;
ArrayList<String[]> recordsDaily = new ArrayList<String[l>();
double dayChange = 22;

double total ms = 0;
GreenPlannerData = new ArraylList<String[l>();
copiediotdata3 = new ArraylList<Stringl[l>();

int monthchange = 0;
int yearchange = 1956
DecimalFormat dfl = new DecimalFormat ("#.##");
df1.setRoundingMode (RoundingMode . CETLING) ;
String monthString;

boolean first = true;

try {
for (int i = 0; i < copiediotdata.size(); i++) {
Stringl[] copiediotdatasplitHour = copiediotdata.get(i):;

double tempDAYChange = getDay(copiediotdataSplitHour[0]) ;
int tempmonthchange = getMonth (copiediotdataSplitHour[0]) ;

if (dayChange == tempDAYChange) {
if (i == copiediotdata.size() - 1) // only for the last record something...
{
recordsDaily.add(copiediotdata.get(i)) ;
double hourly ms = calculateKWHS (recordsDaily) ;

total ms = total ms + hourly ms;
recordsDaily.clear();

} else {
recordsDaily.add(copiediotdata.get(i)) ;

} else {
dayChange = tempDAYChange;
double hourly ms = calculatekKWHS (recordsDaily) ;

total ms = total ms + hourly ms;
recordsDaily.clear() ;
recordsDaily.add(copiediotdata.get (1)) ;

if (monthchange != tempmonthchange) {
monthchange = tempmonthchange;

if (first) {
double secondsl = total ms / 10
double hoursl = secondsl /[ ° D
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1082 double kWhl = ((hoursl * 2

kwhpermonth = kwhpermonth.concat (dfl.format (kWhl)) ;
first = false;

} else {
double secondsl = total_ms J 1000
double hoursl = secondsl / H
double kWwhl = ((hoursl * 320) / 1000) * 1100;

kwhpermonth = kwhpermonth.concat("," + dfl.format(kWwhl));

F }
F }
// END of calculation for the kwh per month

H }

} catch (Exception ex) {

System.out.println("First A: " + errorLine + " => Exception: " + ex + "\nAt line:\t");
ex.printStackTrace() ;

F }

copiediotdata.clear();
copiediotdata.addall (GreenFPlannerData) ;
GreenPlannerData.clear();

double seconds = total ms /
double hours = seconds /
double kWh = {(hours * 32 J 1000) * 1
String labellB83 = "Total Kilowatt hour (kW
System.out.println(labell§3) ;

totalkwh = Math.round(kWh) ;

double seconds CO2 = total daily ms co2 / 1000;

double hours CO02 = seconds CO2 / 00;

double kWh_CO2 = ((hours CO2 * 3 /1000y * 1100;:// 26

DecimalFormat df = new DecimalFormat ("#.##");

df.setRoundingMode (RoundingMode . CEILING) ;

String labell7é = "Kilowatt hour (kWh) with CO2 emmisions: " + df.format(kwh - kWh_Co2) + " kwh";
System.out.println(labell7€) ;

kwhgwithicoz = toDouble(df.format (kWh - kWh CO2));

String labell77 = "Kilowatt hour (kWh) without CO2 emmisions: " + df.format(kwh CO2) + " kwh";
kwh_yithout_COZ = toDouble (df.format (kWh_C02)) ;

System.out.println(labell77) ;

h): " + Math.round(kWh) + " kwh";

double EgC02 coZ = 0.44%5;
String labell79 = "C issions : " 4+ df.format({(kWh - kWh CO2) * KgCO02 co2) + " kg CO02=";
1127 C02_kg_emissions = toDouble(df.format ((kWh - kWh_co2) * KgC62_CDZ));
1128 System.out.println{labell79) ;
1129 double dTotalError = 0!
1130 double dLineError = [
1131 double dTotalError kWh = 0;
1132
1133 // AFEFEFEFEFSECOND AND LAST PHASESF &4 k4% kx x4 x4k 4x4/
1134
1135 double maxError = 0
1136 double minError = 100;
1137 boolean errorFound = false;
1138 int errorsize = 0;
1139
1140 @ try (
1141 I
1142 o for (int 1 = 0; i < copiediotdata.size(); i++) {
1143
1144 dLineError 0;// gets the total record line error in regards of all the ranges
1145 o for (int k = 0; k < listRanges.length; k++) {
1146 errorline = String.join("|", copiediotdata.get(i));
1147
1148 Stringl[] copiediotdataSplitted2 = copiediotdata.get(i);
1149 String[] rangesSplitted = listRangesl[k];
1150
1151 if (copiediotdataSplitted2[2].startsWith("T")) // gets T for temperatures
1152 H {
1153
1154 // checks time and temperature and if season is empty
1155 H if ((!rangessplitted[0].equals("SUMMER") || !rangesSplitted[0].equals("WINTER"))
1156 I && rangesSplitted[3].equals("TEMPER."}) {
1157 o if (getHour (copiediotdataSplitted2[(]) »>=
1158 ruleHourFrom(rangesSplitted[0])
1159 && getHour (copiediotdatasSplitted2([(]) <=
1160 ruleHourTo (rangesSplitted[0])
1161 && toDouble (copiediotdataSplitted2[3]) >=
1162 toDouble(rangesSplitted[1])
1163 && toDouble (copiediotdataSplitted2[3]) <=
1164 toDouble {rangesSplitted[2]1)) {
1165 copiediotdatal.add(copiediotdata.get(i))
1166 // its already on the ArrayList no need to add it twice
1167 } else {
1168 // assigns TOTAL ERROR AND CURRENT RECORD ERROR
1169 if (getHour(copiediotdataSplitted2[0]) >=
1170 T ruleHourFrom(rangesSplitted([0])
117 && getHour (copiediotdataSplitted2[l]) <=
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1172 ruleHourTo (rangesSplitted[0])
1173 && toDouble (copiediotdatasplitted2[3]) <
1174 toDouble (rangesSplitted[11)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[l])
- toDouble (copiediotdatasplitted2[21)) / 1)
dLineError = dLineError + ((toDouble(rangesSplitted[.])
- toDouble (copiediotdatasplitted2[21)) / 1)

if (dLineError » maxBError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (getHour(copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble (copiediotdataSplitted2[2]) >
toDouble (rangesSplitted[21)) |
dTotalError = dTotalError + (({toDouble(copiediotdataSplitted2[3])
- toDouble(rangesSplitted[21)) / 1) :
dLineError = dLineError + (({(toDouble(copiediotdataSplitted2[3]1)
- toDouble(rangesSplitted[21)) / ) :

1198 H if (dLineError » maxError) {
maxError = dLineError;
r }
= if (dLineError < minError) {
minError = dLineError;
r }
errorFound = true;

F }

1210 H if ((rangesSplitted[0].equals("SUMMER") || rangesSplitted[0].equals ("W
1211 && rangesSplitted[?].equals ("TEMFER.")) {
1212 int iSeason = getMonth(copiediotdataSplitted2[0]);
1213
1214 // checks if SUMMER
1215 H if ((iSeason == ©) || (iSeason == 7) || {(iSeason == 0)) {
1216 if (toDouble (copiediotdataSplitted2[3]) >=
1217 toDouble (rangesSplitted[.])
1218 && toDouble(copiediotdataSplitted2[3]) <=
1219 toDouble (rangesSplitted[21)) (
1220 copiediotdata3l.add(copiediotdata.get(i));
// its already on the ArrayList no need to add it twice
} else {

// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[1]1)) {
drotalError = dTotalError + ((toDouble(rangesSplitted[!])
- toDouble (copiediotdatasSplitted2[3]1)) / 1);
dLineError = dLineError + ((toDouble(rangesSplitted[.])
- toDouble (copiediotdatasSplitted2[31)) / 1);

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdataSplitted2[3]) >
toDouble (rangesSplitted[2]1)) {
dTotalError = dTotalError + ((toDouble(copiediotdatasSplitted2([3])
- toDouble (rangesSplitted[21)) / 1)
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[3])
- toDouble(rangesSplitted[2])) / 1)

if (dLineError > maxBError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
// checks if WINTER
else if ((iSesason == 12) || (iSeason == !} || (iSeason == 2)) {
if (toDouble(copiediotdataSplitted2[3]) >=
toDouble (rangesSplitted[l])
&& toDouble (copiediotdataSplitted2[2]) <=
toDouble (rangesSplitted[21)) (
copiediotdata3l.add(copiediotdata.get (1)) ;
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// its already on the ArrayList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[3]) <
toDouble (rangessSplitted[1])) {
dTotalError = dTotalError + ((toDouble(rangesSplitted['])
- toDouble (copiediotdatasplitted2[31)) / 1):
dLineError = dLineError + ((toDouble(rangesSplitted[.])
- toDouble (copiediotdatasplitted2[31)) / 1):

if (dLineError > maxkError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdatasSplitted2[3]1) >
toDouble (rangesSplitted[2])) {
dTotalError = dTotalError + ((toDouble(copiediotdatasSplitted2[3]1)
- toDouble(rangesSplitted[2])) / 1);
dLineError = dLineError + ((toDouble(copiediotdatasplitted2[3])
- toDouble(rangesSplitted[2])) / 1);

if (dLineError > maxError) {
maxBrror = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (rangesSplitted[(].equals("kWwh")) {
if (toDouble(copisdiotdataSplitted2[7]) <=
toDouble (rangesSplitted[1])) {

copiediotdata3.add(copiediotdata.get(i));

} else {
dTotalError_kWh = dTotalError kWh + ((toDouble(copiediotdataSplitted2[7])

- toDouble (rangessplitted[2])) / 1)

dTotalError = dTotalError + ((toDouble(coplediotdataSplitted2[7])

- toDouble(rangesSplitted[2]1)) / :};
dlLineError = dLineError + ((toDouble(copiediotdataSplitted2[7])
- toDouble(rangesSplitted[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) ({
minError = dLineError;

}

errorFound = true;

}

if (copiediotdataSplitted2[2].startsWith("LS")) // gets LS for light
{

sensor
// checks LIGHT
if (rangesSplitted[:].equals("LIGHT")) {
if (getHour(copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toInt (copiediotdataSplitted2[3]) >=
toInt(rangesSplitted[l])
&& toInt (copiediotdataSplitted2[3]) <=
toInt(rangessplitted[2])) {
copiediotdata3.add(copiediotdata.get(i)) ;
// its already on the ArraylList no need to
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[(]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble (copiediotdataSplitted2[2]) <
toDouble (rangesSplitted[1])) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[l])
- toDouble (copiediotdatasSplitted2[3])) / 1)
dLineError = dLineError + ({toDouble(rangesSplitted[l])
- toDouble (copiediotdataSplitted2([3])) / 1)

add it twice

if (dLineError > maxError) {
maxError = dLineError;
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}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted([0])
&& getHour (copiediotdataSplitted2[U]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble{copiediotdatasSplitted2[3]) >
toDouble (rangesSplitted[2])) {
dTotalError = dTotalError + ((toDouble{copiediotdataSplitted2[3])
- toDouble(rangesSplitted[2]1)) / 1} ;
dLineError = dLineError + ((toDouble(copisdiotdataSplitted2[2])
- toDouble(rangesSplitted[2])) / 1),

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of: checks LIGHT

// checks SUNNY
if (rangesSplitted[3].equals ("SUNNY")) {
if (getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom({rangesSplitted[J])
&& getHour(copiediotdataSplitted2([(]) <=
ruleHourTo(rangesSplitted[0])
&& toInt(copiediotdatasplitted2[3]) >=
toInt (rangesSplitted[.])
&& toInt(copiediotdataSplitted2([3]) <=
toInt(rangesSplitted[2])) {
copiediotdata3l.add(copiediotdata.get(i)) ;
// its already on the ArraylList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdatasSplitted2[3]) <
toDouble (rangesSplitted[1]1)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[!])
- toDouble(copiediotdataSplitted2[21)) / 1) :

e e

W W W
S O O o W
= o w o=

=
[T
o

1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
l4le
1417
1418
1419
1420
1421
1422
1423
1424

dLineError = dLineErrBr + {(toDouble(rangesSplitted[;])
- toDouble (copiediotdataSplitted2[31)) / 1);

if (dLineError > maxError) {
maxError = dLineError,‘
}
if (dLineBrror < minError) {
minError = dLinsError;
}
errorFound = true;
} else if (toDouble(copiediotdatasSplitted2[3]) >
toDouble (rangesSplitted[2]1)) {
dTotalError = dTotalError + (({toDouble(copiediotdataSplitted2[3]1)
- toDouble (rangesSplitted[2])) / 1)
dLineError = dLineError 4 ({{toDouble(copiediotdataSplitted2[3]1)
- toDouble (rangesSplitted[2])}) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorfFound = true;

}
}
} // end of :checks SUNNY

// checks CLOUDY
if (rangesSplitted[3].equals("CLOUDY")) {
if (getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom(rangessSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toInt(copiediotdatasplitted2([3]) >=
toInt (rangesSplitted['])
&& toInt({copiediotdataSplitted2[3]) <=
toInt(rangessplitted[21)) {
copiediotdata3.add(copiediotdata.get(i));
// its already on the ArrayList no need to add it twice
// assigns TOTAL ERROR RND CURRENT RECORD ERRCR
} else if (toDouble(copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[11)) {

dTotalError = dTotalError + ((toDouble(rangesSplitted[.])
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- toDouble{copiediotdataSplittedz[é]))7/ 1)
dLineError = dLineError + ((toDouble(rangesSplitted[l])
- toDouble (copiediotdatasSplitted2[31)) / 1),

if (dLineError > maxError) {
maxError = dLineError;

} else if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

} else if (toDouble(copiediotdataSplitted2[3]) >

toDouble (rangesSplitted[2])) {

dTotalError = dTotalError + ((toDouble(copiediotdatasSplitted2[3])
= toDouble (rangessSplitted[21)) / 1)

dLineError = dLineError + ({toDouble(copiediotdataSplitted2[3]1)
- toDouble (rangesSplitted[2]1)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

} else if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
} // end of :checks CLOUDY

// checks DOOR OPEN-LIGHT
if (rangesSplitted[3].equals("DOOR OPEN-LIGHT")) {
if (getHour (copiediotdatasSplitted2[0]) >=
ruleHourFrom(rangessplitted[0]1)
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[(])
&& tolInt(copiediotdataSplitted2[3]) >=
toInt (rangessSplitted[1])
&& toInt (copiediotdataSplitted2[3]) <=
toInt {rangesSplitted[21)) {
copiediotdata3.add (copiediotdata.get(i)) ;
// its already on the ArrayList no need to add it twice
} else {
// assigns TOTAL ERROR AND CURRENT RECCRD ERROR
if (toDouble(copiediotdatasplitted2[3]1) <
toDouble (rangesSplitted[11)) {
dTotalError = dTotalError + ((tocDouble(rangesSplitted[1])

- toDouhle(copiediotdétaSplittédZ[;]))‘/ 1) )
dLineError = dLineError + ((toDouble(rangesSplitted[1])
- toDouble (copiediotdataSplitted2[2]1)) / 1)

if (dLineError > maxError) {
maxError = dLineError;
}
if (dLineError < minError) {
minError = dLineError;
}
errorFound = true;
} else if (toDouble(copiediotdatasSplitted2[3]) >
toDouble (rangesSplitted[2]1)) {
dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[2])
- toDouble (rangesSplitted[21)) / 1) ;
dLineError = dLineError + ((toDouble (copiediotdataSplitted2[3])
= toDouble (rangessSplitted[2]1)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
}
} // end of :checks DOOR QPEN-LIGHT

if (rangesSplitted[0].equals("kwh")) {
if (toDouble(copiediotdataSplitted2[7]) <=
toDouble (rangesSplitted[11)) {
copiediotdatal3.add(copiediotdata.get(i)) ;
} else {
dTotalError_kWh = dTotalError_kWh + ((toDouble{(copiediotdatasSplitted2([7])
- toDouble(rangesSplitted[2]1)) / 1)
dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[7])
- toDouble(rangesSplitted[2])) / 1}
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[7])
- toDouble(rangesSplitted[21)) / 1};

if (dLineError > maxError) {
maxError = dLineError;

}
if (dLineError < minError) {
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1532 minError = dlLineError;
EEE }

534 errorFound = true;
B }

536 | } // end of kwh check

537

538 F } // end of LS

5aEt

540 il }

541

542 H if (errorFound == true) {

543 errorsize++;

544 errorFound = false;

545 F }

546

547 F }

548 } catch (Exception e) {

549 System.out.println("Second: " + errorline) ;
550

55

55

55

55

W

df = new DecimalFormat ("#.

'y

df . setRoundingMode (RoundingMode . CEILING) ;

drotalError = dTotalError * 10;

S o o

String labell89 = "Total

: "+ df.format ((dTotalError * 100) / formaliseMaxError);
" + df.format((maxError * H

5

55

55

55

56

561 String labell8é = "Max E ) / formaliseMaxError) + "%

562 String labell85 = "Min Er " + df.format ((minError * ) / formaliseMaxError) + ":";
563 System.out.println(labellB9) ;

564 System.out.println(labellBé) ;

565 System.out.println(labellBS) ;

566

567 // calculate Total Average Error

568 double averageErrorTotal = Math.round((dTotalError / copiediotdata.size()));

569 String labell82 = "Total Average Error: " + df.format((averageErrorTotal * 100) / formaliseMaxError) + "%";
570 System.out.println(labellB82) ;

571 totalaverageerror = toDouble (df.format ((averageErrorTotal * 100) / formaliseMaxError)) ;

572 // calculate Budget Average Error

573 double averageError Budget = Math.round((dTotalError kWwh / copiediotdata.size())):;

574 String labellB80 = ”Euagﬁt Average Error: " + df.formgt{{averaqurror Budget * 100) / formaliseMaxError) + "%";
575 System.out.println(labell80) ; -

576 budgeterror = toDouble (df.format ((averageError Budget * _00) / formaliseMaxError));

1577 // calculate Convenience Average Error -

1578 double averageError Concenience = Math.round(((dTotalError - dTotalError kWh) / copiediotdata.size())):
1579 String labellBl = "Convenience Average Error: "

1580 + df.format ((averageError_Concenience * 100) / formaliseMaxError) + "%";

1581 System.out.println(labellsl) ;

1582 convinienceerror = toDouble (df.format((averageError_Concenience * 100) / formaliseMaxError)):;
1583

1584 copiediotdata3.clear() ;

1585

1586 ’i"ﬂ' AKX A XA X XXX AXGECOND RUNF FF Ak kb kb hk Ak dkhk kb kb x bk kb

1587 double meansSum = 0;

1588 maxError =

1589 minError = 1

1590 dTotalError

1591 dLineError = 0;

1592

1593 [ try {

1594

1595 i for (int i = 0; i < copiediotdata.size(); i++) {

1596

1597 dLineError = 0;// gets the total record line error in regards of all the ranges
1598 & for (int k = 0; k < listRanges.length; k++) {

1599 errorline = String.join("|", copiediotdata.get(i));

1600

1601 String[] copiediotdatasplitted2 = copiediotdata.get(i);

1602 String[] rangesSplitted = listRangesl[k];

1603

1604 if (copiediotdataSplitted2[2].startsWith("T")) // gets T for temperatures
1605 QO {

le0e // checks time and temperature and if season is empty

1607 if ((!rangesSplitted[0].equals("SUMMER") || !rangesSplitted[(].equals("WINTER"))
1608 && rangesSplitted[3].equals("TEMPER.")) {

1608 if (getHour (copiediotdataSplitted2[0]) >=

1610 ruleHourFrom(rangesSplitted[0])

1611 && getHour (copiediotdatasSplitted2[0]) <=

1612 ruleHourTo (rangesSplitted[0])

1613 && toDouble (copiediotdataSplitted2[3]) >=

1614 toDouble (rangesSplitted[1])

1615 && toDouble (copiediotdataSplitted2[2]) <=

lele toDouble (rangesSplitted[2]1)) {

1617 copiediotdata3.add(copiediotdata.get(i));

1618 // its already on the ArrayList no need to add it twice

1619

1620 } else {

1621 // assigns TOTAL ERROR AND CURRENT RECORD ERROR
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if (getHour(copiediotdataSplitted2([U]) >=
ruleHourFrom{rangesSplitted[0])
&& getHour (copiediotdatasSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble(copiediotdatasSplitted2[3]) <
toDouble (rangesSplitted[11))} {
dTotalError = dTotalError + ((toDouble(rangessSplitted[l])
- toDouble(copiediotdatasSplitted2[3]1)) / 1);
dLineError = dLineError + ((toDouble(rangesSplitted[.])
- toDouble(copiediotdataSplitted2[31)) / 1}

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

} else if (getHour (copiediotdatasSplitted2[0]) >=
ruleHourFrom(rangesSplitted([0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangessSplitted[0])
&& toDouble (copiediotdatasSplitted2[2]) >
toDouble (rangesSplitted[2]1)) {
dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[3]1)
- toDouble(rangesSplitted[2])) / 1)
dLineError = dLineError + ((toDouble(copiediotdatasSplitted2[2])
- toDouble(rangesSplitted[2]1)) / 1):

if (dLineError > maxError) {
maxError = dLineError;

if (dLineError < minError) {
minError = dLineError;
}

}

if ((rangesSplitted[0].equals("SUMMER") || rangesSplitted[(].egquals ("WINTER"))
&& rangesSplitted[].equals("TEMEER."}} {
int iSeason = getMonth(copiediotdatasplitted2[0]) ;

1 LN O WD

5 o 0 - &

// checks if SUMMER
if ((iSesason == ¢) || (iSeason == 7) || (iSeason == 5)) {
if (toDouble(copiediotdataSplitted2[3]) >=
toDouble (rangesSplitted[.])
&& toDouble(copiediotdatasSplitted2[3]) <=
toDouble(rangesSplitted[2])) |
copiediotdata3.add (copiediotdata.get(i)) ;
// its already on the ArrayList no need to add it twice

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[11)) |
dTotalError = dTotalError + ((toDouble(rangesSplitted[1])
- toDouble(copiediotdatasplitted2[31)) / 1):
dLineError = dLineError + ((toDouble(rangesSplitted[l])
- toDouble(copiediotdataSplitted2[21)) / 1):

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

} else if (toDouble(copiediotdataSplitted2[3]) >
toDouble (rangesSplitted[2]1)) |
dTotalError = dTotalError + (({toDouble(copiediotdatasSplitted2([3])
- toDouble(rangessSplitted[2]1)) / 1);
dLineError = dLineError + ((toDouble(copiedictdataSplitted2([3])
- toDouble({rangesSplitted[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

}

}

// checks if WINTER

else if ((iSeason == 12) || (iSeason == 1) || {(iSsason == 2)) {
if (toDouble(copiediotdataSplitted2[2]) >=
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toDouble (rangesSplitted[1])
&& toDouble (copiediotdataSplitted2[3]) <=
toDouble (rangesSplitted[2])) |
copiediotdata3.add(copiediotdata.get(i))
// its already on the ArrayList no need to add it twice

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdatasSplitted2[Z]) <
toDouble (rangesSplitted[1])) |
dTotalError = dTotalError + ((toDouble(rangesSplitted[l])
- toDouble (copiediotdatasSplitted2[2]1)) / 1);
dLineError = dLineError + ((toDouble(rangesSplitted[l])
- toDouble (copiediotdatasSplitted2[2]1)) / 1);

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

} else if (toDouble(copiediotdataSplitted2[3]) >
toDouble (rangesSplitted[2])) {
dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[2])
- toDouble (rangesSplitted([2])) / 1);
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[2])
- toDouble (rangesSplitted[2]1)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

}

if (rangesSplitted[0].equals("kwh")) {
if (toDouble(copiediotdataSplitted2[7]) <=
toDouble (rangesSplitted[11)) {

791
792
793
794
795
756
797

98

copiediotdata3.add(copiediotdata.get(i));
} else {
dTotalError = dTotalError + ((toDouble(copiediotdatasplitted2([7])
- toDouble(rangessplitted[2]1)) / 1)
dLineError = dLineError + ((toDouble(copiediotdatasSplitted2([7])
- toDouble(rangessSplitted[2]1)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}

if (copiediotdataSplitted2[2].startsWith("Ls")) // gets 1S for light sensor
{
// checks LIGHT
if (rangessSplitted[3].equals("LIGHT")) {
if (getHour (copiediotdatasplitted2[(]) >=
ruleHourFrom(rangessSplitted[0])
&& getHour(copiediotdataSplitted2[0]) <=
ruleHourTo(rangesSplitted([0])
&& toInt{copiediotdataSplitted2[3]) >=
tolnt (rangesSplitted[1])
&& toInt{copiediotdataSplitted2[2]) <=
toInt (rangesSplitted[2])) {
copiediotdata3l.add(copiediotdata.get(i));
// its already on the ArrayList no need to add it twice

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (getHour (copiediotdatasSplitted2[l]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& toDouble (copiediotdataSplitted2[3]) <
toDouble (rangesSplitted[1]1)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[1])
- toDouble(copiediotdatasplitted2[31)) / 1)
dLineError = dLineError + (({(toDouble(rangesSplitted[!])
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- toDouble{copiediotdataSplittedé[3]3) / 1y:

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

} else if (getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom(rangessSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted([0])
&& toDouble(copiediotdatasSplitted2[3]) >
toDouble (rangesSplitted[2]1)) {
dTotalError = dTotalError + ((toDouble(copisdiotdataSplitted2[2])
- toDouble(rangesSplitted[2])) / 1);
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[3])
- toDouble(rangessplitted[21)) / 1):

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}
}
} // end of: checks LIGHT

// checks SUNNY
if (rangesSplitted[2].equals ("SUNNY")) {
if (getHour (copiediotdataSplitted2[0]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2([(]) <=
ruleHourTo(rangesSplitted[C])
&& tolInt(copiediotdataSplitted2[3]) >=
toInt (rangessplitted[l])
&& tolInt(copiediotdataSplitted2[2]) <=
toInt (rangessSplitted[21)) {
copiediotdata3.add(copiediotdata.get(i));
// its already on the RArrayList no need to add it twice

} else {

// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble(copiediotdataSplitted2[3]) <
toDouble (rangessplitted[1]1)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[l])
- toDouble (copiediotdataSplitted2[31)) / 1)
dlLineError = dlLineError + ((toDouble(rangessSplitted[l])
- toDouble (copiediotdataSplitted2[31)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}

} else if (toDouble (copiediotdataSplitted2[2]) >
toDouble (rangesSplitted[2])) {
dTotalError = dTotalError + ((toDouble(copiediotdataSplitted2[3])
- toDouble(rangesSplitted[2]1)) / 1):
dLineError = dlLineError + ((toDouble(copiediotdataSplitted2[2])
- toDouble(rangesSplitted[2]1)) / 1);

if (dLineError > maxError) {
maxeError = dLineError;

}

if (dLineError < minError)
minError = dLineError;

}

}
}
} // end of :checks SUNNY

// checks CLOUDY
if (rangessSplitted[3].equals("CLOUDY")) {
if (getHour (copiediotdataSplitted2[(0]) >=
ruleHourFrom(rangesSplitted[0])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[0])
&& tolInt(copiediotdataSplitted2([3]) >=
toInt (rangesSplitted[1])
&& tolInt(copiediotdataSplitted2[3]) <=
toInt (rangesSplitted[2]1)) {
copiediotdata3.add(copiediotdata.get(i)) ;
// its alreadv on the ArrayList no need to add it twice
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} else if (toDouble (copiediotdatasSplitted2[3]) <
toDouble (rangesSplitted[1]1)) {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
dTotalError = dTotalError + ((toDouble{rangesSplitted[1])
- toDouble (copiediotdataSplitted2[3])) / 1);
dLineError = dLineError + ({toDouble(rangesSplitted[l])
- toDouble (copiediotdataSplitted2[3])) / 1):

if (dLineError > maxError) {
maxError = dLineError;

} else if {dLineError < minError) {
minError = dLineError;

}

} else if (toDouble(copiediotdataSplitted2[3]) >
toDouble (rangesSplitted[21)) {
dTotalError = dTotalError + ((toDouble (copiediotdataSplitted2[3])
- toDouble (rangessSplitted[2])) / 1);
dLineError = dLineError + ({toDouble{copiediotdataSplitted2[3])
- toDouble (rangessplitted[2])) / 1);

if (dLineError > maxError) {
maxError = dLineError;

} else if (dLineError < minError) {
minError = dLineError;

}
} // end of :checks CLOUDY

// checks DOOR OPEN-LIGHT
if (rangessplitted[3].equals{"DOOR OPEN-LIGHT"}) {
if (getHour{copiediotdataSplitted2[(]) >=
ruleHourFrom{rangesSplitted[(])
&& getHour (copiediotdataSplitted2[0]) <=
ruleHourTo (rangesSplitted[U])
&& tolnt(copiediotdataSplitted2[3]) >=
toInt (rangesSplitted[1])
&& toInt(copiediotdataSplitted2([3]) <=
toInt(rangessplitted[Z])) {
coplediotdata3.add(copiediotdata.get(i)) ;
// its already on the ArraylList no need to add it twice

} else {
// assigns TOTAL ERROR AND CURRENT RECORD ERROR
if (toDouble (copiediotdataSplitted2([3]) <
toDouble (rangesSplitted[1]1)) {
dTotalError = dTotalError + ((toDouble(rangesSplitted[.])
- toDouble (copiediotdatasSplitted2[21)) / 1)
dLineError = dLineError + ((toDouble(rangesSplitted[.])
- toDouble(copiediotdataSplitted2[31)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

} else if (toDouble(copiediotdataSplitted2[Z]) >
toDouble (rangesSplitted[2])) {
dTotalError = dTotalError + ((toDouble{copiediotdataSplitted2[3])
- toDouble(rangesSplitted[21)) / 1)
dLineError = dLineError + ((toDouble(copiediotdataSplitted2([3])
- toDouble(rangesSplitted[21)) / 1)

if (dLineError > maxError) {
maxError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

}
}
} // end of :checks DOOR OPEN-LIGHT

if (rangesSplitted[]].equals("kwh")) {
if (toDouble (copiediotdataSplitted2[7]) <=
toDouble (rangesSplitted[1]1)) {
copiediotdata3.add(copiediotdata.get(i));
} else {
dTotalError = dTotalError + ((toDouble {copiediotdataSplitted2[7])
- toDouble(rangesSplitted[21)) / 1)
dLineError = dLineError + ((toDouble(copiediotdataSplitted2[7])
- toDouble(rangesSplitted[2])) / 1)

if (dLineError > maxError) {
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maxkError = dLineError;

}

if (dLineError < minError) {
minError = dLineError;

}

errorFound = true;

}
} // end of kWh check
} // end of LS

}

meansSum = meansSum + Math.pow(dLineError - averageErrorTotal, 2);

}
} catch (Exception e) {
System.out.println("Second: " + errorLine);

}

double standardDeviation = Math.sgrt(meansSum / copiediotdata.size());

String labell84 = "Standard Deviation: " + df.format((standardDeviation * 100) / formaliseMaxError)
deviation = toDouble(df.format ((standardDeviation * 100) / formaliseMaxError));

copiediotdata3.clear() ;

postData() ;
}// END OF Gresn PLANNER - number of modifications
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