4. IHOOPMAIIHAHI TEXHOJIOTTi
SoN 26192677 ol

@ X Correspondence author

V. M. Teslyuk
vasyl.teslyuk@gmail.com

HaykoBuit BicHMK H/ITY YKpaiHu
Scientific Bulletin of UNFU

http://nv.nltu.edu.ua
https://doi.org/10.15421/40290729

Article received 14.08.2019 p.
Article accepted 26.09.2019 p.

Y[IK 004.[021+942]

\A/

HATX
HKPAIHU

B. M. Tecmiok, L T'. Imoyw, A. I. Ka3apsmH, T. B. Tecaok

Hayionanenuii ynisepcumem "JIvgiecoka nonimexuixa”, m. Jlvgis, Yxpaina.

METO/ TIPOEKTYBAHHA CUCTEM "PO3YMHOI'0" BY IUHKY
3 BUKOPUCTAHHAM APXITEKTYPHOI'O IIABJIOHY REDUX

Po3pobieHo MeTox NMpoeKTyBaHHSA CHCTEM "po3yMHOro" OYyIMHKY 3 BUKOPHUCTAHHSAM apXiTeKTypHoro mabmory Redux. Meron
IPYHTY€EThCS Ha ajianTanii apxiTekrypHoro mabiaoHy Redux, 1o 3acToCOByeThCS AT IPOEKTYBaHHS Bi3yalbHUX iHTepdenciB 10 BU-
KopucTaHHS y chepi InTeprery peueii. Ha mincrasi po3pobiieHOro MeTomy moOyaoBaHO CHCTEMY "po3yMHOro" OyAMHKY JUIS yIIpaB-
JIHHS OCBITJIIOBAJIbHUMH INIPHJIIaMH 3a JOTIOMOTOI0 []aBadiB PyXy Ta OCBITJICHHS y HMPUMIIIEHHAX odicHoi OyniBimi. Po3pobnennit
METOJ] MPOEKTYBAHHS JIa€ 3MOT'Y IiABHUINTH ITOKAa3HUKHU HAAIHHOCTI Ta MBHUAKOAII poboTu cucreMu. ITokpameHns HagiiHOCTI Jocs-
Ta€ThCsl 3aBISIKH 3HIDKCHHIO KTBKOCTI IPSIMUX B3a€MO3B'I3KIB MK KOMIOHEHTaMH CUCTEMH. TakoX po3poOIieHHiT METOA MPOEKTY-
BaHHS CIPHSE 3HIDKCHHIO 00CATY iHpOpMallil, sika QyOIIOETHCS y Pi3HUX KOMIIOHEHTaX MPOEKTOBAHOI CUCTEMH, 3aBISKU BHKOPHC-
TaHHIO OJHOTO 3arajbHOTO CXOBUINA JAAHUX JUIS 30epexeHHs CTaHy, 32 PaXyHOK YOTr0 MiJBHIYETHCS MIBUAKICT OHOBJICHHS CTAaHIB
CHCTEMH Ta IIBHUJKICTh 3MiHM HaJAIITyBaHb OCBITIIOBAJILHUX NpuiafiB. [lepeBarn BUKOPUCTAHHS METOMY IPOCKTYBAHHS €KCIIEPH-
MEHTAJIBHO BiIOOPa’KEHO 3a JOIIOMOTOI0 eMYIIAIil poOOTH cHCTeMH, "po3yMHOro" OyIUHKY 3 OJAIBIINM 30epeKESHHSAM Ta aHATI30M
MOKA3HMKIB IIBUAKOCTI 3MIHM HaJaIITyBaHb OCBITIIOBAJIBHHUX IPIUIAMIB — IO 3aCTOCYBAHHS Ta IMICIs 3aCTOCYBAHHS apXiT€KTYpHOTO
mabnory Redux. 3anpornonoBanuii Merox nae 3Mory MacmradyBaTH CHCTEMY JOJAal04M HOBI JaBadi Ta MOOYTOBI HPIUIaan 0 PO3-
pobneHoi cuctemu 0e3 BTpaTH MIBUAKOCTI ONMpPAIIOBAHHS JAHHUX Ta Iepeadi KoMaH[ KepyBaHHS npuiagaMu. PosrisHyTuil y poborti
MIPUKJIAJl HAZIa€ TIepeBary 3arpoBaKEHHIO METOAY Ul MPOCKTYBAaHHS CHCTEM "pO3yMHOro" OyaWHKY, IO 3aCTOCOBYBAaTHUMYTHCS Y
cdepi MacoBoro o0CIyroByBaHHS, HAJar0ou (DyHKIIOHAIBHICTH aBTOMAaTH30BAaHOI'O KEPYBaHHS NPHIaAaMH y BEIHKHX JKHTJIOBHUX,
aaMIHICTPaTUBHUX 1 O0QicHUX OYymiBIAX 3 3arajbHOI0 XapaKTEPHOIO PHCOI0 BEIHMKOi KiTBKOCTI OAHOYACHO BMHMKAIOUUX IOMIH, SKi
HaJIXOJATh IO CHCTEMH IS TOJAJBIIOTO ONPAIIOBAHHS Ta IMOTPeOYyIOTh BiAOBIIHNX 3MiH CTaHIB HaJIAITyBaHb CHCTEMH "PO3yMHO-
ro" OyauHKY.

Kniouogi cnoea: poeKTyBaHHS; apXiTeKTypHUH mabnoH; Redux; "po3ymunit" OyanHOK.

Beryn. Mu xnBeMo B yac HEBITMHHOTO PO3BHUTKY iHTeE-
nekTyanbHnX TexHojorii (Poniszewska-Maranda et al.,
2018; Boreiko et al., 2017; Cai et al., 2017). IaTenexTyami-
3amisl Ja€ 3MOTy ICTOTHO TOKPAIIUTH (YHKIIOHAJIBHICTH
cucTeM, 3MEHIIUTH BUTpaTH cnoxusaHoi eHeprii (Teslyuk
et al., 2018) romo. OxHi€I0 3 TAKUX TEXHOJIOTIH € CUCTEMH
"po3zymuoro" 6yannky (CPB) (Sultan & Ahmed, 2017; Ka-
zarian et al., 2017). Bumoru mo cucrteM "pozymHOro" 0y-
MUHKY CTAIOTh Jelaji KOPCTKIIIUMHU, TOJI SK PO3POOHUKA
CHCTEM IIbOTO THITYy 3MYIICHI KEpyBaTH IOpa3y OiIbIION0
KUTBKICTIO CTaHIB CHCTEMH B OKPEMi MOMEHTH 4acy ii po0o-
1 (Teslyuk et al., 2010). Lli crann MOXYTb OXOILTIOBaTH
JlaHi, OTpUMaHi Bif 3/aBayiB, pO3TallIOBAaHNX BcepeaAnHi Oy-
JIMHKY, 30epekeHi, Tak 3BaHi, iICTOPUYHI JaHi MOKAa3HHUKIB
JaBadviB, a TaKOX 1H(QOpPMAIIiI0, TEHEPOBAHY B IPOIIECi Po-

IHpopmauisa npo asTopis:

00TH CHUCTEMH, TaKy SK KOMaHIU 3MIiHH PEXHMIB poOOTH
MOOYTOBUX NpHIaiB y OyANHKY.

Hanuncannst jioriku KepyBaHHS CTaHAMU CHCTEMH, IIO
YacTO 3MIHIOIOTHCS, — 1€ CKJIaJHa YacTHHA IPOLECy pPO3-
pobnenns CPB, sixka notpeOye 3HaYHMX YacOBUX Ta (iHaH-
COBHX BHUTpAT. 3HaUEHHS CTaHy JlaBaya MoTpeOye OHOBJICH-
HS peXHMY poOOTH ITOOYTOBOro Npujany B OyAWHKY, IO
MOX€E 3MIHUTH 3HaYE€HHS CTaHy 1HIIOTO JaBava, IKUi BUMa-
rae OHOBJICHHS PEXUMY pOOOTH IHIIOTO MOOYTOBOTO MpH-
nmany B OyanHky. Ha meBHOMy erami po3poOJieHHs Ipor-
pamHOro 3abe3nedeHHs "po3yMHOro" OYIMHKY, HPOEKTY-
BaJIbHUKH HE 3HAIOThH, IO BiOYBAETHCSA BCEPEIUHI JIOTIKA
po0OTH CHCTEMH Ta HE MOXKYTh KOHTPOJIIOBATH KOJIH, YOMY
1 SIK CTAaHM CHCTEMH OHOBIIIOIOTHCS. Taka cHTyarlis, KOJH
po0oTa cUCTEMH CTa€e HEMPO30POI0, 3a3HAE BEIIMUE3HUX PH-
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3WKIB MO0 HaAiiHOCTI podoTtH camoi cucremu (Event-Ba-
sed Systems, 2019), MBUAKOCTI BUSBIICHHS 1 BUPABICHHS
MIOMUJIOK PO3pOOJICHOI JIOTIKM Ta MOXKIJIMBOCTI PO3POOIIATH
HOBY (pyHKIiOHANBHICTE. LI cKiTaqHiCTh BUHUKAE Yepes Te,
10 3MIITYFOTHCS JBi Pi3HI 32 CYTHICTIO KOHIICMIII: 3MiHU U
acuHXpoHHOCTI. [lin 3MiHAMM BBaXKarOTh IMOTIK T'€HEPOBa-
HHUX y pEXXHUMI peajibHOTO Yacy IMMOKa3HHUKIB JIAaHUX Bif JaBa-
YiB, 110 PO3TaIIOBaHi B OyIMHKY, SKi BIUIMBAIOTH Ha 3MiHH
HaJIAIITYBaHb NOOYTOBHX NpwiafiB y Oyaunky. ITix acun-
XPOHHICTIO BB@)KAIOTh HETIEPIOJUMYHICTh BUHUKHEHHS IHX
3MiH HOKa3HHKIB, TOOTO 3MiHa NapaMmeTrpa jaaBada BinOy-
Ba€eThCS 3a (PaKTOM BUHUKHEHHS MOJiH y OyIuHKY (pyX JIto-
JIUHA, 3MiHa TEMIIEPaTypy B KiMHATI), IO HE 3aJICXKATh BiJ
YacOBHX IHTEPBAIIB Ta HE MAIOTh YITKOTO 4acOBOT'O PO3-
knaxy. [t BupileHHs 11i€i TpobiieMy MPOIOHYIOTh BUKO-
pucrary apxiTekTypHuil mabiaon Redux 3 agamnranieto Horo
KOHLIENIIH 10 cdepu po3poOsieHHS cucTeM "po3yMHOro"
O0ynuaky (Islam Naim, 2017; Piispanen, 2017).

[Mpobnemu mBuaKOAii podOTH CHCTEM, SIKi ONEpYIOTH
OaraTbMa IIOMISIMH, IO OJHOYACHO BWHHKJIH, ONHCaHO B
poborax (Paul & Nalwaya, 2016; Freeman, 2019; Saransig
& Tapia, 2019), 110 NPONOHYIOTH MPHUKJIAAN Ta MOPIBHSHHS
BHUKOPHCTaHHSI MOHOJIITHOI, MiKpocepBicHOI Ta OaraTopis-
HEBOI apxiTekTyp. Y chepi po3poOIieHHs Bi3yalbHHUX 1HTEp-
¢eiiciB KopuCTyBauda, NpoOyieMa OIpAIIOBAHHS BEIHKUX
MacHBiB MOJIii BUPIIIYETHCS 32 JOMOMOIOI0 BUKOPHCTAHHS
Flux-moniOnux apxirextyp, Takux sk Redux, 3amposa-
JOKEHHS SIKMX TaKOX po3msiHyro B pobortax (Familiar,
2015; Nene, Joseph & Chandrasekaran, 2019). IIpote po3-

TIISTHYTI KOHIICTIIIT Ta MPUKJIaI 0OMEXCHI BUKOPUCTAHHIM
TIJIBKY TSI IPOEKTYBAHHS Bi3yaJbHUX 1HTEpQENCiB.

Metox BHOOPY Ta 3aCTOCYBAHHSI APXiTEKTypHOro
madjaony Redux no mpoexkryBanHsi cucreMm ''po3yMHO-
ro" OymamHky. /[ po3poOsieHHS BHCOKOHABAHTAXXCHUX Ta
MacImTaboBaHUX CHCTeM, A0 skuxX Hanexats CPB, Buko-
PHUCTOBYIOTh Pi3HI apXiTEeKTYpHI pillleHHs, sSIKi crepry 3ac-
TOCOBYB&JIM y cHcTeMax 3 iHmMX cdep iHpOpMamiiHIX
texnouoriii (Christudas, 2019; Kalske, Mikitalo & Mikko-
nen, 2018; Gackenheimer, 2015).

KoxkeH apXiTeKTypHUH MiIXig Mae HEJONIKA Ta IepeBa-
T'H, 3aJIEXKHO Bifl CrIel(iKi BUKOpUCTAaHHA 1H(OpMaLiiHOT
CHUCTEMH, SIKi PI3HATHCS BUMOTAaMH J0 TTOKAa3HUKIB MIBHUIKO-
nii, HamiHOCTI Ta MacmraboBaHoCcTi. CucteMu "po3yMHO-
ro" OyIWHKY XapaKTepU3yIOThCS 0araThMa OXHOYACHO aK-
TUBHUMH TIOAISIMHU, IO IMOTPEOYIOTh OmpartoBaHHs. J{is
BHOOPY ONITUMAIBHOTO PIlICHHS IIOA0 MPOCKTYBaHHS, 3aIl-
POTIOHOBAHO BIIPOBADKECHHS KOXKHOTO apXiTEKTYPHOTO ITijI-
xonay B CPB, mo nparroe Ha mijgcTaBi OIHAKOBOI BHOIpKA
TECTOBUX JaHWX, 30WpaHHSI Ta 30epeKCHHS IMapaMeTpiB
IIBUIKO/IT pOOOTH CHCTEMHU TIiJT YaC BUKOPUCTAHHS KOXKHO-
T'O PO3TIITHYTOTO PIllIEHHS 3 TTOJABIIAM aHATI30M OTpUMa-
HUX PE3YNbTaTiB Ta BUOOPOM OITUMAIIEHOTO PIllICHHS IIO-
0 TIPOCKTYBaHHA. BuOip ONTHMaIbHOTO apXiTEeKTYPHOTO
PIIICHHS € KiHIIEBOIO CTAJI€I0 MPOIECY Mepedopy MeKiTh-
KOX apXiTEeKTYpHHMX pillleHb, 3 HOpPIBHSHHAM IapaMeTpiB
mBUAKOMIT poOOTH cucTeMu. Po3poOiieHuid anroputM Me-
TOIY MPOEKTYBAHHS apXiTEKTYPHOTO PIllIEHHS 300pakeHO

BusHaueHHs npobiaeMu
4aCcOBHX 3aTPUMOK

AHaji3 BXiIHUX JaHUX

Ha puc. 1.
<—C ITouaTox )

H( Kinens )

BrposamxeHns Brposamxenss
apXIiTEKTYpHOTO pillIeHHS apXIiTEKTYpHOTO pillIeHHS

VYei apxiTekTypHi
piueHHs BUNpoOyBaHi

Tak

Bubip HalleeKTHBHIIIOrO
apXiTEKTYpHOTO pillIeHHs

306ip MOKA3HUKIB NIBUAKOCTI
pob6otu cuctemMu

+

'

TopiBHSHHS OTPHUMaHUX
Pe3yAbTaTIB MIBUIKOCTI
pobotu

36eperxeHHs TIOKa3HHUKIB
HIBUJIKOCTI POOOTH CHCTEMHU

JocmimkeHas
apXiTeKTypHOTO PillleHHs

3anpoBaKeHHS

apXIiTEKTYPHOTO pillIeHHS

Puc. 1. Po3pobnennii anroputM BUOOPY apXiTEKTYpHOTO PIIIEHHS Y MPOLECi CHHTE3y CHCTEMH

3 oTpuMaHMX pE3yAbTATIB aHAI3y BHUAHO, IO
HaWIIBHUIII TOKA3HUKU HMIBHAKOII pOOOTH CHCTEMH OTpPH-
MaJIi TiJ yac 3arpoBapkeHHs y cucteMi — Flux apxirexTy-
pH, a came apxirekTypHoro mabiony Redux (Molnar et al.,
2014). HajimoBiipHIIIE crcTeMa TPAIFOBaja Iij] 9ac BUKO-
pHUCTaHHS MOHOJIITHOI apXiTEeKTYpH.

OTKe, pO3MIIIHYTHH MiAXif 13 BUKOPHCTaHHSAM apXiTeK-
TYpHOTO IIA0JIOHY MOTOKY AaHUX Redux poOUTH MOTIK 1a-
HUX 3PO3YMUIMM JJIS TIOAJIBIIOTO ONPAIIOBAHHS BiJIOBII-
HO [0 peaJli30BaHoOi JIOTIKM HpOrpaMHOr0 3abe3nedyeHHs
CPB.

Apanranis KoHuenuii apxiTeKTypHOro mao0JaoHy
Redux BianosiaHo 1o cpepu cucrem ''pozymnHoro" 0Oy-
AuHKY. /1o 6a30BUX KOHLENIIN apXiTeKTYpHOTO MalJIoHy
Redux BigHOCATH TIOIi, cXoBHIIE Ta pemtocep. [lomii — e
CTPYKTYpH, SIKi IEpeaatoTh JaHi y cxoBuine. Bonu € enunu-
MU JpKepernaMu iHdopmarii 11 cxoBumma. Y cdepi po3pod-
JeHHs "po3yMHUX" OYIMHKIB, il HOAi€I0 OyIeMo po3yMi-

TH CTPYKTYPY JaHUX, sIKa CTBOPIOETHCS TEHEPATOPOM IO
BHACJIIOK BUHUKHEHHS CHUTYallil, TAKNX K CHPAIfOBAHHSI
JlaBaya 9Yi KOMaHI KOPUCTyBa4ya CHCTEMH.

CxoBwuie — 1e 00'eKT, IKHi 30epirae cTaH CHCTEMH, Ha-
Jla€ TOCTYII JI0 CTaHy CHUCTEMH, Ma€ MOXJIUBICTb OHOBIIIO-
BaTH CTaH CHUCTEMH Ta Ja€ 3MOTY PEECTpyBaTHCh y pOJi
"ciryxaya" OHOBIJICHHSI CTaHy CHCTEMHM, 100 OTpUMYBaTH
HOBI ITapaMeTpH CTaHy CHUCTEMH ITiCIISl IIPOBEICHUX 3MiH.
Redux BHWKOpPHCTOBYe TiJIbKM OZHE CXOBHIIE JJIsI BCHOTO
CTaHy MapaMeTpiB CUCTEMH.

Redux He mae 3MOrn KOMHOHEHTaM CHCTEMH 3MIHIOBATH
cran Ge3nocepennso. Iloaii onucyioTh Te, sIKi 3MiHM HE0O-
Xi1HO 3po0OuTH y mapaMeTpax craHy cucteMu. OOpoOHUKIB,
SIKI pearyloTb Ha IMOJil 1 MOXXYTh BHOCHTH 3MiHH y CXOBH-
1€, HA3UBAIOTh pejrocepaMu. BXigHUMU mapamerpamu pe-
Jiocep 0OOB'SI3KOBO Mae MPHUAMATH MMOTOYHHUM CTaH CHCTE-
MU, a TAKOX TOJi1. BiAmoBiAHO 0 TUITY BUHUKHEHOI MOIT,
II0 Ma€ yHIKaIbHY Ha3By, peAlocep BUKOHYE JIOTiUHI mii
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HaJl TapaMeTpaMu OTPUMAaHOTO CTaHy Ta ITOBEPTAE HA BHUXI]
3MiHEHUH cTaH cucteMu. OTpUMYIOUH apryMEHTH BH3HAUE-
HOTO THUITy, peAlocep MOBMHEH OOYHUCIIOBATH HOBY BEpCiio
CTaHy i mepenaBary ii cXOBHUINY AaHUX. JKogHHMX 3MiH HO-
toyHoro crany cuctemu (CC) pemtocep BHUKOHYBAaTH HE
Mae, o 3a0e3neuye JiTke po3MexXyBaHHS (YyHKIIIH pemro-
cepa Ta cxosuma naunux (CJI). Pobora pemarocepa oOMexeHa
TITBKU OOYHMCIICHHSM HOBOI BEpCil CTaHy, IO MMepe3arucye
MOTOYHUHM CTaH cucTeMH y cxoBumli. CXeMy >XHTTEBOTO
ity CC BimoOpaxeHo Ha puc. 2.

OTpUMyIOUH Ha BXiJ] aKTUBOBaHY IIOAiI0, PEAIOCEp I10-
YeproBo MOPIBHIOE TUIT OTPUMAHO] MMOJIT 3 BIJOMUMH pe/Iio-
cepy. Y pasi 30iraHHs THIIB, peatocep poOUTH 3amuT I0-
toyHoro CC Ta, BUKOPHUCTOBYIOUH JIOTiKY 3MiHH CTaHy CHC-
TEMH, 110 BiANOBiZa€ KOHKPETHOMY THITY ITOJIii, HIPOBOJHUTH
3MiHM IIapaMeTpiB CTaHy. BUXIIHUM pe3ylIbTaTOM € HOBHH
CTaH CHCTeMH, Mo 30epiraeThes y CJI, 3aMiHIOIOUH TTOTIC-
penniii. Ilpuknan anropurmy poOOTH pemrocepa, JOrika
SIKOTO BIJIMIOBifa€ 3a MIATPUMKY TEMIEPATypHOTO PEXUMY
BiJIOBITHO 10 OTPUMAaHMX JAHHUX BiJl cEHCOpa TEMIIEpaTy-
PH Ta 3a JIOMIOMOTOI0 3MiHM HaJlaITyBaHb KOHAWIIOHEPA Ta
obirpiBaya, HaBeIeHO Ha puc. 3.

OTtxe, po3pobisieHa cucremMa "po3ymMHOTo" OYIWHKY 3
aJlanTaIie€ro KOHIIEMIIH apXiTeKTypHOro madmoHny Redux

JTa€ 3MOTy e()eKTUBHO KePYBATH TEMIICPATYPHUM PEKAMOM
y IIPUMIIIEHHSIX OYIWHKY Ta Ja€ 3MOTy JIETKO MacITadyBa-
TH CUCTEMY JUISl BUKOPHCTaHHS y OyJUHKY 3 OLIBIION0 KiJlb-
KICTIO TIPUMIIEHb, 0€3 BTPAT IIBHUAKOMIT pOOOTH 3aBISKA
3anpoBamKkeHHI0 €quHOT0 CC CHCTEMU Ta CTaHIapTH30Ba-
HOTO TMIAXOMY O HOro 3MiHM HE3aICKHO BiJ JpKepena Io-
IiH, [0 BUHUKAIOTH y OYIMHKY.

BunukHeHHS
noii

Penrocep

y

Hosuit pexum
nOpHIagy
A v
Hosuii cTan TTorounwnit
CHCTEMU CTaH CUCTEMH

A
CxoBwuIiie
JTaHUX

Puc. 2. Cxema )XUTTEBOrO IIUKITY CTAaHy CHCTEMH ""pO3yMHOr0" Oy-
JIMHKY

OtpuMaHHS HOTOYHOTO
CTaHy cucTeMH (‘cran’)

OtpumanHs Nofii BiJ ceHcopa
| Ttemmeparypu(‘mozis’) Ioarok

( Kinenp

)‘* 36epertu HoBHUii craHcHCcTeMH Y BT

[Tapamerp
TeMIeparypu nomii
(omisi, Temreparypa)

Temneparypa noBiTps y
KiMHaTi Oibmna 3a 21°C
(event.temperature > 21)

!

VBIMKHYTH KOH/IHIlIOHED
(state.cooler.state = ‘on’)

Temneparypa noBiTps y KiMHari Oijibiia 3a
18°C i menma 3a 21°C (event.temperature > _ |
18 && event.temperature <21)

BuMKHYTH KOHAHUIIIOHED Ta
obirpiBay
(state.cooler.state = ‘off”,
state.heater.state = ‘off”)

Temneparypa noBiTps y KiMHaTi MEHIIa 3a
18°C (event.temperature < 18)

VBiMKHYTH 00irpiBa4

ITommika oTpuMaHHS TeMIepaTypu —
mapamertp ‘error’ abo He € YUCTIOM
(event.temperature = ‘error’ ||
event.temperature = NaN)

(state.heater.state = ‘on”)
INoBepHyTH MOTOYHMII CTaH
|" cucremu Oe3 3MmiH (‘state’) |—»

Puc. 3. [Ipuknax anroputMy pobotr pemrocepa

Ilepesarn Buxopucranna Redux y cucremax '"po-
3ymHOro'" OyamHky. IlepeBarm BHKOpHCTaHHS OOpaHOTO
apXIiTEKTYpPHOTO PIIEHHS YiTKO 3p03yMiJli HA NPUKIAAL po-
6ot CPb 3 Gararbma NpUMILIEHHSIMH Ta CEHCOPaMH 1 I10-
OyroBuMu npwiianamu. [lepeBarn Bukopuctanas Redux Bi-
J00pa3uMo 3a JONMOMOIOI0 MOHITOPHHTY IIBHIKOJIT poOo-
TH ofHi€l 3 po3podsiernx CPB, siKy 0yiio mIpoeKkToBaHO s
odicy, 0 CKIATAETHCS 3 IBOX KaOiHETIB, MpUMAabHI, KO-
PHIOPY, CaHBY3JIa Ta BETUKOIO pOOOYOro NPUMIIIEHHS, I10-
nineHoro Ha 30HM. CTBOpEHa cUCTeMa OTpUMYE JaHi 3 Ja-
BayviB PyXy 1 OCBITJIIEHHS Ta KE€PYe OCBITIIOBAIGHUMH MPH-
JIaJlaMM Y BCIiX MPUMIIIEHHAX 0(icy 3a J0IOMOroI0 KOHTPO-
Jiepa, 10 Mo0y/I0BaHUN 3 BUKOPHCTAHHSM JIaBaviB pyxy Ha
6a3i oxHOrO Mikpokomm'orepa Raspberry PI (Bakir, 2018;
Jayakumar & Muthulakshmi, 2018). /laBaui Ta ocBimiiO-
BaJIbHI TPWIIAAA MAfOTh BIAMTOBIAHUIA PO3IMOIUT TIO TIPHUMi-
meHHsX (Tabmus). 3a oYaTKoOBOI peattizamii cucteMu Oy-
JI0O BUKOPUCTAHO MiIXiJ MPsAMOi KOMYHIKAIlil MiX JaBada-
MU, PO3TAIOBAHUMH y IPUMILIEHHSX 0dicy.

Taoauus. Po3noaina naBayis Ta npuianis cucteMu
""po3yMHOro'" OyAMHKY MO0 NPUMillIeHHSX

Hassa npumimenss JlaBaui Z[_aBaqi OcpiTJHOBaJIL-
PYyXy |OCBITJICHHS | Hi NPWIAaN
KaGiner 1 3 2 5
KaGiner 2 2 2 4
[puiimaneas 2 1 2
Kopunop 3 2 3
Po6oue nmpuminiernst. 3ona 1 3 2 6
Poboue nmpumimiennst. 3ora 2[ 2 1 5
CaHBy30I1 1 1 3

[lig wac momampmIoro po3MMPEeHHS O(PICHUX IUTON] Ta
JTOJTaBAaHHS HOBUX IPUMIIICHb Y KEPYBaHHSA CHCTEMOIO, i
4ac NPAaKTUYHOTO BUKOPUCTAHHSA MU IMiIXil BHUSIBHUBCS
CKJIaIHO-MACIITa0OBaHUM Ta 3 OUEBHUIHOIO TEHJCHIIEIO HA
3HIDKCHHS IIBHUIKOIT pOOOTH CHCTEMH 3aBISKU 301TBIICH-
HIO KiJTBKOCTI HOBWIX JIaBaYiB Ta MOOYTOBUX NPHIAIIB, JO-
MAHUX y cUCTeMy. MOKIJIMBOCTI MacmTaOyBaHHSA Ta IIO-
JAJBIIIOTO PO3BUTKY CHCTEMH 332 BHKOPHUCTAHOTO MiJAXOIY
B3a€MOJIii KOMIIOHEHTIB (J1aBadi, MpuiIagi) CUCTEMH oOMe-
KYIOTHCS 3aIUTyTaHICTIO B3a€MO3B'SI3KIB MiXK KOMITOHECHTA-
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MU JUTS 3MiHH CTAHIB CHUCTEMH Ta IOBIIOMIICHHS yCiX perI-
TH KOMITOHEHTIB TIPO OHOBJICHHS CTaHYy.

[Tix gac BUKOpMCTaHHS apXiTeKTypHOro maobiony Re-
dux naBaui Ta mpwiIamd HE B3aEMOJIIOTH OE3MOCEPEIHBO
MDK co00r0. Yci gaBaui HaJICUIIAIOTh ITOII1 3MIHU CBOIX 3Ha-
YeHb peAatocepy, KU 3MiHIoe cTaH cuctemu y CJI Biamno-
BiJTHO /10 pO3pO0JICHOI BHYTPIIIHBOI JIOTIKM pearyBaHHs Ha

Cencop
OCBiTJICHHS 4
Cencop pyxy 4

KOHKpeTHY mofifo. CBOEIO 4eproo mpuiagy MiJnrucadi Ha
"MpOCITyXOBYBaHHS" 3MiH y CXOBHIII JaHUX Ta 3MIHIOIOTh
BJIaCHI HAJIAIITYBaHHS POOOTH IIiJ] YaC BUHUKHEHHS 3MiHH
napamerpiB CC. B3aeMo3B'sI3kM MK yciMa JaBadaMu Ta
MprIaiaMy B po3po0JIeHiil cucteMi 3 BUKOPUCTAHHSAM apXi-
TekTypHOrO mabnony Redux 300paxeno Ha puc. 4.

OcBiTIIOBaJIbLHHUI
OCBITIIOBAIBHUIA npunaj 2 OCBITIIOBATEHUT
ripunaz 2 npwnaz 2

Cencop
ocBiTiieHHsS N

Cencop
OCBITIEHHS 3

OCBITIIOBATLHIH OcBITIIOBATIbHAN
mpunan 2

Pemtocep

Cencop pyxy 3
Cencop
OCBITJICHHS 2

CeHncop pyxy 2

Cencop pyxy 1

{ Cencop

ocBiTnenHs 1

Cran cucTteMu
—————————————— » CxoBuuie

mpriag 2
OCBITAIOBaILHHUI
npuian 2
OcCBITIIOBaIbLHUN
npunan 2

OCBITIIOBATLHUN
npunaf 2

OCBITIIOBAIbHU
npunag 2
OCBITIIOBATIEHHUN
punaj 2

Puc. 4. Jliarpama 3B'I3KiB ITi{ 4aC BUKOPHCTaHHS apXiTeKTypHOro mabnony Redux

Amnaniz mBuakonii podOTH PO3TISHYTOI cHcTeMH "po-
3ymMHOro" OyIWHKY BigOyBaBcs Ha IiJICTaBi BHIIAJKOBO
BHOpaHOi MHOXKMHM 3MiH CTaHIB CHCTEMH 31 30epeKeHUMU
YacOBMMH MITKaMHU Ha KOKHOMY €Tali OTpUMaHHS Ta Haj-
CHJIAaHHS KOMaH/ MK KOMITOHEHTaMH cructeMu. [lepina Bu-
6ipka MicTHTh MHOXKHHY 3 30 BUITaKOBO BiliOpaHUX 3amu-
CiB 3MiH CTaHiB 3aBASKH BUKOPHCTAHHIO Mixxoxy Oe3moce-
penHboi B3aeMoii Mk KOMIOHEHTaMHU cucteMu. Jpyra Bu-
6ipka MicTUTh MHOXKHHY 3 30 BUITaZKOBO BiliOpaHUX 3ammu-
CiB 3MiH CTaHIB YHACJIJIOK 3alIPOBAPKECHHS apXiTEKTYPHOTO
mabiony Redux.

AHaii3z OTpUMaHHX Pe3yJbTaTiB POOOTH Ta TOPIBHSIHHS
MOKa3HUKIB BimoOpaxkae mepeBarn BUKOPUCTAHHS apXiTeK-
TypHoro mabiony Redux y cdepi CPb. Takumu nepesara-
MU € 3MEHIICHHS KUIBKOCTI 3alUTIB MK Pi3HUMH KOMIIO-
HEHTaMH CHCTEMH, II0 MPUIIBHALIYE IIBUAKOMAII0 POOOTH
CHCTEeMH Ta MiJBHIIYE 3arajlbHy HalilHICTh cucTemu. Ta-
KOX 3aBISJKH 3MEHIICHHIO KIJIBKOCTI B3a€EMO3B'SI3KIB MIX
KOMITOHEHTaMH CUCTEMH JIOCATAETHCS MPUIIBUIIICHHS 3Mi-
HHU CTaHy CHUCTEMH. 3aIllpOBAPKEHHS apXiTEeKTYpHOro 11ad-
sony Redux nmano 3Mory 3MEHIIMTH KiJbKICTh 3aITUTIB MIX
KOMIOHeHTamu cuctemu Big 120 3amutiB 10 60, 110 craHo-
BUTH 50 % 3MEHILIECHHS BiJl IOYaTKOBOTO 3HAYCHHS OTPUMa-
HOTO 10 MozepHizauii cucremu. IIIBUIKICTE OHOBIICHHS 3a-
raJIbHOTO CTaHy cucteMu 3pocia Ha 0,396 ¢, 1o cTaHOBUTH
46 % npumBHUANIIEHHS POOOTH CHCTEMH, TTOPIBHSHO 3 ITOTIe-
pPEIHIMH BUMIipaMHU MIBHIKOCTI poOOTH CHCTEMH 0 ii MO-
JIepHi3aIii.

[MopiBHAHHSA KiJBKOCTEH 3amuTiB MiX KOMIIOHEHTAMH
CHCTEMHM, IO BifOYBalOTHCS y NPOEKTOBAHIH CHCTEMi 3a
TIPSIMOT B3a€MOJIi1 KOMITOHEHTIB CHCTEMH MiXK COOOO Ta ITi[T
yac BUKOPHCTaHHS apxiTeKTypHoro mabiony Redux, 300-
paXeHO Ha puc. 5.

OTpuMaHi pe3ynbTaTH JAl0Th 3MOTY CTBEPIKYBATH, IO
3anpoBaPKEHHS apXiTeKTypHoro mabnony Redux 3meHmrye
KIJIBKICTh B32€MO3B'SI3KiB MIXK KOMIIOHEHTaMH CHCTEMHU Ha
50 %, mo mae 3Mory 30iTBIINTH MIBUAKICTH OHOBJICHHS
CTaHy CHCTEMH Ta poOOTy cucteMu Ha 46 %.

120

O
(=]

D
(=}

KinekicTs 3anuTiB

w
(=]

Be3 BuxopucTanHs 3 BUKOPHCTaHHIM
Redux Redux
Puc. 5. Pe3ynsraty TOpiBHSHHS KUTBKOCTEH 3aIUTIB MK KOMIIO-
HEHTaMH [IPOCKTOBAHOI CHCTEMHU

BucnoBku. Otxe, po3pobiieHa apXiTeKTypa CHCTEMH
"pozymHoro" OyIMHKY Ha mifcraBi matnony Redux Hamae
LEHTPATi30BaHU MEXaHI3M YIPaBIiHHA CTaHAMH JAHHX
CHCTEMH ITil Yac poOOTH 3 BETMKMMHU MacHBaMH IOiH, 110
BHUHMKAIOTh Y CHCTEMax LbOT'O THITY.

Po3pobneno meron, sikmii 0a3yeThCsl Ha 3acCTOCYBaHHI
apxiTeKkTypHOro mabnony Redux 3 BHKOpHCTaHHSIM IIEH-
TPaJIi30BAHOTO CXOBUINA JAHMX 1 JIa€ 3MOTY 1CTOTHO 3HU3H-
TH KIJIBKICTh B3a€MO3B's13KiB Mixk koMrioHeHtamu CPB, 1o
miaBHUINYe i1 HAMIWHICTD, a TaKOXX MOKA3HUKH IIBHIKOJIT
poboTu cucremu 3aranoM. Po3pobieHo anropuTM peaniza-
1ii MEeToAy Ta JOCIHI/KEHO IepeBard BUKOPUCTAHHS PO3-
pOOJICHOTO alNrOpUTMy METOY ITPOEKTYBAHHS cHUCTEM "po-
3yMHUX" OYAWMHKIB 3 BUKOPUCTAHHSM apXiTEKTYpHOTO 11a0-
nmony Redux Ha mifcTaBi MOPiBHSIHHSA MOKA3HUKIB IIBUIKO-
Jii cuCTeMH 0 Ta MIcCIsl BIPOBALKEHHS 3aIPOIOHOBAHOTO
pimeHHs.
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V. M. Teslyuk, 1. H. Tsmots, A. G. Kazarian, T. V. Teslyuk
Lviv Polytechnic National University, Lviv, Ukraine

THE METHOD OF SMART HOME SYSTEMS DESIGN USING THE REDUX ARCHITECTURAL PATTERN

Article presents the method for designing of smart home systems using the Redux architectural template. The method is based on
the adaptation of the Redux architectural template usually used in designing of visual interfaces for use in the Internet of Things
sphere. The system of smart home for control of lighting devices with the help of motion and lighting sensors in the rooms of office
building was constructed, based on the developed method. The developed design method allows increasing the system reliability and
performance. Improved reliability is achieved by reducing the number of direct relationships between system components. The
developed design method also helps reduce the amount of information that is duplicated in different components of the system by
using one common data store to save the state, which increases the speed of updating the state of the system and the speed of lighting
appliances settings changing. The benefits of using the developed design method are experimentally demonstrated by emulating the
work of the smart home system, with saving and analysis of lighting settings change time, before and after the usage of Redux
pattern. The design method for smart home systems using the Redux architectural pattern allows scaling system by adding new
sensors and appliances to the developed system without losing the speed of data processing and transmission of control commands to
the devices. The example presented in this paper show the advantage of developed method usage for designing of smart home
systems, that will provide the functionality of appliances automated control in large residential, administrative and office buildings
with a large number of simultaneously occurring events that are detected by system for further processing and require appropriate
changes to the state of the smart home system settings.

Keywords: design; architectural template; Redux; smart home.
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