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Kaszapan A.I'" Metoaun Ta 3aco0M yNpaBIlliHHS CUCTEMOIO «PO3YMHOT0» OYJIUHKY 3
BUKOPHCTAHHSAM XMapHUX OOYHCIICHb.

JHucepTartist Ha 3700yTTS HAyKOBOT'O CTyIeHs AokTopa ¢itocodii 3a creniaibHICTIO
122 «Komm’rotepri Haykw» (ramy3p 3HaHb 12 «lHdopmariitHi TexHOmOri»). -
Harmionaneuuit yniBepcutet «JIbBiBChKa MosiTexHikay, JIbBiB, 2021.

JlucepTalliro MPUCBIYCHO MIABUINCHHIO €()eKTUBHOCTI POOOTH CHCTEM YIpPaBIIHHS
npuwiagamMu OyJIWHKY 3a JOMOMOTIOI0 BHKOPHUCTaHHS XMapHHUX OOYHCIIEHB, alTOPUTMIB
MITYYHUX  HEHPOHHHUX  MEpeX Ta  Cy4daCHUX  MIAXOMIB  JI0  MPOEKTYyBaHHS
BHCOKOHABAHTAKEHUX 1H(HOPMAIIHHUX CUCTEM.

VY BcTyni 0OOIpyHTOBAHO aKTYaJIbHICTh TEMU IUCEPTALITHOT poO0TH, CHOPMYIIHLOBAHO
METy Ta OCHOBHI 3ajJia4i JOCII)KeHb, BU3BHAUEHO HAYKOBY HOBU3HY POOOTH 1 MpaKTUYHE
3HAYCHHS OTPHMaHUX pPE3yJIbTATiB, MOKA3aHO 3B'S30K POOOTH 3 HAYKOBHUMH TEMaMH.
[Togano BiIOMOCTI Mpo ampoOailito pe3yjbTariB poOOTH Ta OCOOMCTUN BHECOK aBTOpa Ta
foro myosrikarii.

Y nepmiomy po3Autl IMCEPTALIHOTO JOCTIIKEHHS MpPOaHaIi30BaHO OCHOBHI
HAMPSIMKA PO3BUTKY KOMEPIIHOI cepr po3poOKH CHCTEM «PO3YMHOTO» OyJMHKY Ta
OCHOBHI JIOCATHEHHSI 1 JOCJI/DKCHHS 3 MIABUILECHHS €()EKTUBHOCTI POOOTH CHUCTEM
«PO3YMHOT0» OYyJMHKY, 110 OIMyOJIiKOBaH1 HAYKOBOKO CILJIBHOTOIO 32 OCTaHHI POKHU.

[TpoBeaeHo aHami3 ICHYIOUHX CUCTEM «PO3YMHOT0» OyIMHKY Ta HAMOUIBII MOUIPEH]
ixH1 QyHKII1, a came: QyHKIIT cucTeMu O€3MeKH, ONTUMI3allli eHEeproBUTPAT, KEpyBaHHs
OCBITJICHHSIM, TEPMOPETYJISAIII.

Ha ocHOBi BuienpoBeAeHOro aHajiizy CPOPMOBAHO BUMOTH JO PO3pOOJIECHHS
0a30BUX (QYHKIIH CUCTEM «PO3yMHOTO» OYJAMHKY, a came: BUCOKA TOUHICTb pe3yJIbTaTiB
ABTOMATH30BAHOTO TepeAOAUYCHHS, MOXJIMBICTH OOpOOKHM BEIMKHX O0'€MIB JaHUX Ta
MOJIMBICTh aBTOMATHU30BAaHOTO MAacCIITa0yBaHHS CUCTEMH IIiJl Yac Pi3KOTO MiABUILICHHS
HABaHTAKCHHS Ha CHCTEMY.

[TpoanainizoBaHo 6a30B1 €IEMEHTHU JJIsi CHHTE3Yy MPOTrpaMHUX Ta arapaTHUX 3aco0iB

300py 1 OIpalloBaHHS JaHWX B CHCTEMaX «pO3yMHOro» OyIuHKY Ta 1HTepdeiicu



KOMYHIKallii MK HUMH. BuszHaueHo iX mepeBard 1 HEIOJIKM Ta OCOOJIMBOCTI iX
PAKTUYHOTO BUKOPUCTAHHS.

Ha ocHoBi mpoBeseHOTO aHammizy c)OpMOBAHO BUMOTH JI0 CHCTEMHU «PO3YMHOTO)
OyJIMHKY Ta OOTpYHTOBAHO i1 peajizallito Ha OCHOBI MOJIYJIbHOTO MiAX0/y 3 BAKOPUCTAHHSIM
TOTOBUX MPOTPAMHHUX €JIEMEHTIB, 1[0 KOMOIHYIOTbCS BIANOBIIHO JO TMOCTaBICHHUX IS
BUPIIICHHA BUMOT 1 0a30BUX MPOEKTHUX PIIIEHb Ta TAKUX NPUHIUIMIB: BHKOPUCTAHHS
KJIIEHT-CEPBEPHOI apXITEKTYPH, 3aCTOCYBaHHS 111a0JI0HIB 00pOOKH BETUKUX MTOTOKIB JaHUX,
MOAYJBHOCTI MOOYOBHM CHCTEMH, BIIKPHTOCTI Ta CYMICHOCTI MPOTPaMHO-arapaTHOTO
3a0e3neueHHs. Ha ocHOBI MpoBeneHOro aHaizy c(OpMOBAHO 3aBJIaHHS JUCEPTALIHOTO
JIOCIIIKEHHS.

Y napyroMy po3aiii BIOCKOHAJIGHO METOJI CHUHTE3y 3aco01B JIIICH3YBaHHS,
pO3ropTaHHs, MacluTaOyBaHHS Ta ONTUMI3allli HABAHTAXKEHHS Y CHUCTEMax «PO3YMHOTO»
OyIMHKY 3a TIOTIOMOTOIO 3allPOBAKEHHS] XMapPHUX O0UHCIICHb.

Po3pobiieHo iHGopMaliitHy MOAENb CTPYKTYpP CHHTE30BAHHUX CKJIAJOBHX CHUCTEMU
«pO3yMHOr0o» OYyAMHKY, sika 0a3yeThCs Ha NPUHLMIAX KIIEHT-CEPBEPHOI Ta MOJIYJBbHOI
apXITEKTYypH 1 1ae 3MOTy (popMalli3yBaTh 0a30BY CTPYKTYpPY CUCTEMU Ta MOAU(IKYBATH ii B
Ipolieci BIOCKOHAJICHHS 1 J0JJaBaHHSI HOBUX (DYHKIIIM.

Po3pobieno 3acobu e(peKTUBHOIO Ta IIBUJKOTO OINPAIIOBAHHS BEIUKUX 00'€MiB
JAHUX y CHUCTEMaX «PO3YMHOIo» OYyAMHKY 13 3aCTOCYBaHHSIM apXITEKTYpPHOTO IIa0JIOHY
Redux, 1o 3a0e3nedye mMBUIKOIIO Ta HAAIMHICT pOOOTH CUCTEMU «PO3YMHOTO0» OYIUHKY
MiJl Yac MIKOBUX HABAHTAXKEHb 3 PI3KUM 30UIBIICHHSM BXIJHOTO TOTOKY JaHUX JJIst
OTIpaIlOBAHHS.

Po3pobneno meTon ynpaBiaiHHS TPHIAIaMu i €THAHUX O CUCTEM «PO3yMHOTO)
OyIMHKY Ha OCHOBI pOOOTH aJTOPUTMIB IITYYHOIO IHTEJIEKTY, @ cCaMe aIrOPUTMY IITYYHOT
HeHpoHHOI Mepexi. Po3pobieHo anroputMu BHOOPY ONTHUMAIBHOTO THITY IITYYHOI
HEHPOHHOI MepeXkl Ta BUOOPY ONTUMAIBHOI CTPYKYTPH BHYTPIIIHIX IIapiB BIAMOBIIHO 10
MIOCTABJICHOI JIJIsl BUPIILICHHS 3a]1ayl.

Po3po6iieHo Mozeni ynpaBiiHHS NpUIaaMUd CHCTEM «PO3yMHOro» OYIUHKY 3a

JIOTIOMOTOI0 CHHTE3Y aJrOPUTMY IITYYHOI HEMPOHHOI Mepexi Ta Mepex [leTpi.



Y TperhoMy po3aili po3pO0JICHO METOJl eMYJIAIll pOOOTH CUCTEMHU «PO3YMHOTOY
OyIMHKY y TIOMEIIKaHHI 3 IJIJaHYBaHHSAM IPUMIIICHb, PO3MIIICHHSIM OCBITIIOBAIBHUX
OpWIaAiB Ta iX TPYyMyBaHHSIM Yy TMOMEIIKAaHHI, PO3MIMIEHHSIM EIEKTPUYHUX PO3ETOK Ta iX
IpyIyBaHHSAM, PO3MIIIEHHS! CEHCOPIB PyXy Ta 30HYBaHHSM MPUMIIIECHb.

Po3pobmeno moneni pobotu mpunaniB OyauHKy Ha ocHOBI Mepex Iletpi, a came
MOJIeTIl CTaHiB pOOOTH TMIACHUCTEMU YNPABIIHHS OCBITIIOBAJbHUMH TPUIAJaMU
MOMEIITKaHHs, MOJIeJ CTaHIB pOOOTH MIJCHCTEMH MOHITOPUHTY PYyXy y IOMEIIKaHHI,
MOJIeJIi CTaHiB pOOOTH MiJCUCTEMH KJIIMaT-KOHTPOJIIO Y TTOMEIIKAHHI.

VY derBeproMy poO3IUII  JAUCEPTALIMHOI POOOTH PO3pOOJIECHO PO3MOIIICHY
iHpOpMalLlIiHy TEXHOJIOTII0 aBTOMAaTU30BAHOTO YIIPABIIHHS MPUIAJaMUd «PO3YMHOIO»
OyIuMHKY Ha ocHOBI Mepex lleTpi 3 3actocyBaHHSM pOOOTHM aAITOPUTMIB IITYYHOTO
IHTEJICKTY.

Po3pobsiena cTpykTypa MOAYJIIB Ta apXIiTeKTypa MpOrpaMHoOi peanizauii
1H(OpMAaIIHOT TEXHOJIOT11, MEPEKEBOI CTPYKTYPU KOMITOHEHT.

Po3po6ieno mnporpamue Ta iHdOpMaliiiHe 3a0e3MedYeHHs CHHTE3y CJIEMEHTIB
CUCTEMHU YMpaBliHHI MpuiagamMu OyAWHKY, sKa HamucaHa Ha Mol JavaScript 3
BUKOpHUCTaHHSM TexHoJorii NodelS.

KurouoBi cioBa: iHQopMmamiifiHa TEXHOJIOTIS, XMapHiI OOYHCIECHHS, aJrOPUTM
IITYYHOI HEWPOHHOI MEpPEXi, KIIEHT-CEpPBEpPHA AapXITEKTypa, apXITEeKTYpHUU I1a0JI0H

npoekTyBaHHs Redux, iepapxiuni mepexi [lerpi.
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SUMMARY

Kazarian A.G. Methods and tools for managing a "smart" home system using cloud
computing.

The dissertation for obtaining a scientific degree of the Doctor of Philosophy on the
specialty 122 “Computer science” (12 — Information technologies). — Lviv Polytechnic
National University, Lviv, 2021.

The dissertation is devoted to increase of efficiency of work of control systems of
devices of the house by means of use of cloud computing, algorithms of artificial neural
networks and modern approaches for designing of highly loaded information systems..

The introduction substantiates the relevance of the topic of the dissertation,
formulates the purpose and main objectives of research, identifies the scientific novelty of
the work and the practical significance of the results, shows the relationship of work with
scientific topics. Information on approbation of results of work and personal contribution of
the author and his publication is given.

The first section of the dissertation research analyzes the main directions of
development of the commercial sphere of smart home systems development and the main
achievements and research on improving the efficiency of "smart" home systems published
by scientific community in recent years.

The analysis of the existing systems of the “smart" house and their most common
functions, namely: functions of the security system, optimization of energy consumption,
lighting control, thermoregulation. Based on the above analysis, the requirements for the
development of basic functions of smart home systems are formed, namely: high accuracy
of automated prediction results, the ability to process large amounts of data and the ability
to automatically scale the system during a sharp increase in system load.

The basic elements for the synthesis of software and hardware for data collection and
processing in “smart" home systems and communication interfaces between them are
analyzed. Their advantages, disadvantages and features of practical use are determined.
Based on the analysis and research, the requirements for the system of “smart" house are

formed and its implementation is justified on the basis of a modular approach using ready-



made software elements that combine the requirements and basic design solutions and the
following principles: usage of client-server architecture, application of templates for
processing large data streams, modular construction of the system, openness and
compatibility of software and hardware.

On the basis of the conducted analysis the tasks of dissertation research are formed.
The second section improves the method of synthesis of licensing, deployment, scaling and
load optimization in smart home systems through the introduction of cloud computing.

An information model of the structures of the synthesized components of the "smart"
house system has been developed, which is based on the use of client-server and modular
architecture and allows to formalize the basic structure of the system and modify it in the
process of improving and adding new functions.

Developed tools for efficient and fast processing of large amounts of data in "smart”
home systems using the architectural template Redux, which provides speed and reliability
of the "smart" home system during peak loads with a sharp increase in input data flow for
processing.

The method of control of devices of systems of "smart" house on the basis of work of
algorithms of artificial intelligence, namely algorithm of an artificial neural network is
developed.

Algorithms for selecting the optimal type of artificial neural network and selecting
the optimal structure of the inner layers in accordance with the problem to be solved have
been developed.

Models of control of devices of systems of "smart" house by means of synthesis of
algorithm of an artificial neural network and Petri nets are developed.

The third section develops a method of emulating the system of a "smart™ house in
the room with the layout of the premises, placement of lighting fixtures and their grouping
in the room, placement of electrical outlets and their grouping, placement of motion sensors
and zoning.

Models of house devices operation based on Petri nets have been developed, namely

models of states of operation of subsystem of control of lighting devices of apartment,



models of states of work of subsystem of monitoring of movement in room, models of states
of work of subsystem of climate control in room.

In the fourth section of the dissertation the distributed information technology of the
automated devices control of the "smart" house on the basis of Petri nets with application of
work of algorithms of artificial intelligence is developed.

The structure of modules and architecture of information technology software
implementation, network structure of components are developed.

Software for the synthesis of elements of the home appliance control system, which
is based on the MongoDB database and written in JavaScript using NodelS technology, has
been developed.

Keywords: information technology, cloud computing, artificial neural network
algorithm, client-server architecture, Redux architectural design template, hierarchical Petri

nets.
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