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BBenenue

B coBpemenHoM Mupe HaOupaeT IOMYyJISPHOCTH KOHIemuda HTepHe-
ta Bemieit (Internet of Things) [15, 17], uTo 00yca0BI€HO pacTyIIUM YHC-
JIOM oK IIouaeMbix K VHTepHery ycrpoiicrs [9]. Kounnennus 3akitouaer-
cs B TOM, 9TO MOXKHO HaCTPaAuMBaTbh COBMECTHYIO PabOTy pPa3/IMUHBIX T'a]l-
JKeTOB, KOTOPbIE OCHAIIEHbI BCTPOEHHBIMHU TEXHOJIOTUAMU JJIS B3aUMOIEH-
CTBUs JIPYT' C JIPYIOM WJIM C BHEIIHEl cpejioil, o0beuHsIst UX B €IUHYIO
CHCTEMY C IIOMOIIBIO PA3JINYHBIX TEXHOJIOTHUI IIepeaadn JaHHbIX.

[IpuMepoM IpuMeHeHUs TaKOU KOHIIEIIINN SIBJISIeTCS «YMHAas TEeILINIaY ,
KOTOpAasi JIOJI?KHA, CAMOCTOSITEJILHO, 0€3 HEITOCPEICTBEHHOTO YIaCTUs €€ BJia-
JIeJiblla, pearupoBaTh Ha M3MeHeHUsI BHelrHel cpenbl. Ilonp3oBaTesb Mo-
JKeT YCTaHOBHUTH B CBOEM NAPHUKE U MOJKJIIOYUTH K CUCTeMe HEeOOXOIUMbIe
JIATYUKU ¥ aKTYaTopbl (MCIIOJTHUTEbHBIE YCTPOICTBA), a 3aTeM CO3/aBaTh
crienapun ux paboTel. Hampumep, jjist TOro, 910061 3aKPHIBATH / OTKPHIBATH
OKHA B MOMEHT, KOTJa CEHCOPBI IIePEeIal0T OUpeae/IeHHbIe 3HAUCHU BJIAXK-
HOCTHU 3€MJIU, TEMIIEPATYPbI BO3/LyXa BHYTPH TEILIUIIbI UJIA JJIT TOO, YTOOBI
110 3aJIAaHHOMY PACIIICAHUIO IIOJIMBATH IIOYBY.

VKe CcymecTBYIOT CUCTEMbI ITOI00HOI0 POja, KOTOPbIE MO3BOJISIOT OITH-
CbIBaTh CIIEHAPUM JId «yMHBIX Teruily. Ho sty cucrembr ubo TpedyioT
ITOJKJ/IIOUEHHsT CTPOTO OIIPEIEJIEHHOTO Psiia IPUOOPOB U HE MO3BOJISIOT IIOJI-
KJIIOYUTH JIpyroe obopylioBaHue, JIMOO MOApa3yMeBalOT HAJUINE HABBIKOB
IPOTPAMMUPOBAHUA Y BJIAIEJIbIIA TAPHUKA.

st Toro, 4ToOBI JaKe HEIOJArOTOBJIEHHBIN II0JIb30BATEIb CMOI 3aJa-
BaTb HY>KHBIE €My CII€HapWHU, HEOOXOIWMO CO3/IaBaTh CIIEIUAJbHOE IIPO-
rpaMMHOe obeclieueHre, KJII04YeBasi POJib B KOTOPOM OTBOJIMUTCS CHUCTEME,
IIpeJIHA3HAYEHHON J1JI YCTAHOBKH IIPABUJI B3aNMOJIEHCTBUsI TPUOOPOB, TI0/I-
KJIIOYEHHBIX K Teruiuie. Hy»KHo mpegocTaBuTh BOSMOXKHOCTD 33/1aBaTh TPe-
OyeMble DYHKIINHI JIaxKe II0JIb30BaTe M, He 3HAKOMbBIM C IPOrPaMMUPOBa-
HUEM.

Jna aTux 1esieil moaXoauT BHU3yaJbHOE MPOrPaMMUPOBAHHUE — CIIOCOD
3aJlaBaTh IPOrpaMMy IIyTeM MAaHUIYJIUPOBaHUs I'PadUIECKUMU TPUMUTHU-

BaMM BMECTO IIPUMEHEHUA TEKCTOBBLIX A3bIKOB. ,ZL&HHBIfI II104X0/J, II03BOJIACT



YIIPOCTUTDH MPEACTABIEHNE 00ObEKTOB, KOTOPHIMU TIPUXOIUTCS ONIEPUPOBATH
KOHEYHOMY TOJIb30BAaTEJIIO ITPU pa3paboTKe ClieHAPHS, 3aMeH s KOJT Har IS I-
HBIMH a0CTPaKIIUAME, YTO 00JIerdaer oOyUeHUe si3bIKYy U €ro MCII0JIb30Ba-
HUE.

DJIEMEHTBI CUCTeMbI 1 (PYHKIIAH IIPU OIPEIeIeHUN IIPABUI PAOOTHI IPH-
OOPOB TEIJIMIIBI B TAKOM CJIydae JIOJIKHBI ITPEJICTABIATHCI B BUJE OJIOKOB.
[Tonb3oBaTes b pasmerniaeT O6JJOKKM Ha CIIEHE PeJakKToOpa CO3aBaeMOro Ipo-
IPAMMHOI0 ODeCIIeUeHusi, PUCYsI B COOTBETCTBUU C KEJIA€MbIM PE3YJIbTaTOM
MO/IEJTb, TI0 KOTOPO# B JIAJTHbHEUTIIEM C MTOMOIIBIO T€EHEPATOPA CUCTEMBI JT0JI-
2KeH OBITH CO3/aH KO/, ITPOrpaMMbl, OTPpadaTHIBAIONIEH 3a/[yMaHHbIA CIIeHA-
puii.

l'enepanuu Koja 10 BU3yaJbHON MOJIeIN B OOIIEM CJIydae IPelsiTCTBYeT
CEMaHTUYECKUN pa3pbiB, KOTOPbLIA HE IO3BOJIAET MOJEIIU, ABJIAIOMEHC 10
OTIPEJIEJIEHUIO YIIPOIIIEHNEM MOJIEIMPYEMOTO O0BEKTA, COJIEPKATH BCIO HEOD-
XOJIUMYT0 UHMOPMAIIUIO Jjist Topoxkaenus koza [8]. Ho B ciayuae orpanu-
YEeHHOU 00JIACTH ITPUMEHEHUS sI3bIKa, YTO XapaKTEPHO U JIJIsi KyMHOW Tell-
JIMIL» , TaKoe IpeoOpa30oBaHMe B ITPOrPAMMHBIN KO BO3MOXKHO OJiarojaaps
3apaHee U3BECTHBIM XapaKTePUCTUKAM IpeaMeTHO obJacTu. JaHHbIi 1101-
X0/ Ha3bIBAETCsI IIPEIMETHO-OPUEHTHPOBAHHBIM MojlesinpoBarueM (Domain
Specific Modeling), a sa3bIK, HA KOTOPOM CO3/Ia€TCsI MOJIE/b, B TAKOM CJIy-
Jae SBJISIETCS TPEJIMETHO-OPUEHTUPOBAHHBIM S3BIKOM, TO €CTh CO3JIaeTCs
JIJ1sT KOHKPETHOI 33/1a9u, U B COBOKYITHOCTH C METOJIOM €ro IIPUMEHEHUS U
CpeJICTBAMU WHCTPYMEHTAJBHON MOAJIEP>KKKM, TAKUMHU KaK PEIaKTOP MOJIe-
JIW, TEHEPaTOP KO/Ia, CPEJICTBO MPOBEPKY OT'PAHUIECHUA, TTPEICTABIIAET COOO
Tax HasbiBaemMoe DSM!-pemenue [8].

Pabora B obstacTu Bu3yaabHOTO MOAeIUMpPOBaHus poBoauTcs B CaHKT-
[IerepOyprckoM rocyIapcTBEHHOM yHHBEpCHTETe Ha Kadeape CHCTEMHOIO
IPOTPAMMUPOBAHUS U BKJTIOYAET B cebs pabOTy HaJI TpoOIeMaMu TTpeIMETHO-
OPUEHTUPOBAHHOTO MOJIEIUPOBAHUSI, KOTOpas BeJAeTcd HapaBHE ¢ pa3padboT-
KON MHCTPYMEHTAJbHBIX TEXHOJIOTWi ObIcTporo co3manust DSM-permenmii,
tak HasbiBaeMblx DSM-1tardopm. [Ipumepamu Takux mirardopM SBIISIOT-

cst cpena QReal [16], Ha ocHOBe KOTOPOIi CO3/maHa TEXHOJIOTHST BU3YaJIbHOTO

'Domain Specific Modeling



MIPOrPaMMUPOBAHUs POOOTOB, & TaKyKe HAXOIAMAACA B CTAIUU aKTUBHON
paspaborku cucrema REAL.NET? [12] — na6op KoHDUTypUpyeMbIX U Hepe-
WCITOJTb3YEMbIX KOMIIOHEHTOB JIJIsi CO3/IaHUS MPEeIMETHO-OPUEHTUPOBAHHBIX
BU3YAJIbHBIX SI3BIKOB.

Hosas mnardpopma REAL.NET myx)maercs B anpobalrium, KOTopas Ipo-
BOJINTCS TIyTEM CO3/IaHWUS HA €€ OCHOBE BU3YAJbHBIX SI3BIKOB W COITYTCTBY-
forux nHcTpyMeHToB [13]. TectupoBanmem REAL.NET moxkeT moctykKuth
pellieHne ¢ ee TOMOIIBI0 aKTyaJbHON 3a/a9u CO3J/IaHus rpapuiecKoil Tex-

HOJIOTHUM OJIA YIIPpaBJICHUA TGHJ’IHU;GfI.

2GitHub-penosuropuii npoekta REAL.NET, URL: https://github.com /yurii-litvinov/REAL.NET (nara
obpamienus: 30.05.2018)



1. IlocTanoBKa 3aja4n

[lenbio paboOThI SBJIsIETCA CO3JaHWE TMPOTOTUNA CUCTEMBI aBTOMATHIE-
CKOTO yIpaBjieHus Temaunmeil Ha ocHoBe miaTtdopmbl REAL.NET, Brirtoua-
IOIEeTro B cebsi 1IPeIMETHO-OPUEHTUPOBAHHBIN BU3YaJbHbBIN SA3BIK ITPOTPaM-
MUPOBaHUS JJId 38 IaHU TT0JIb30BATEJIEM CIIeHApPUEB padOThI TpubopoB. [

JIOCTHKEHUs 9TOM MeJiu ObLIu chOPMYIMPOBAHBI CJICIYIONINE 3aIaUH.

e Brmmoanuts IIPOEKTUPOBaHUE D;eJIeBOI?I CUCTEMDbI 1 BXOAAIICI'O B HeEE

IpeaAMETHO-OPUEHTUPOBAHHOI'O BU3YAJIBHOI'O A3bIKa.

e Pean3oBarhb peIaKToOp JJIS MOAECIUPOBAHUS II0Ib30BATEIAMMI CIIEHA~

pueB pabOThI TEILIUIIHI.

e Peanmm3oBarh renepaTop i peobpa3oBaHus rpadUuecKoil MoOJIen

B CHeHapI/Iﬁ Ha TEKCTOBOM A3BIKE.

e IIpoBecTu amrpobaruio TpoOTOTHUIIA.



2. O630p

2.1. CyiecTByIoIue pelieHusd

[Tpm 00630pe cyIIecTBYIONUX PEIIEHN PACCMATPUBAJIUCH HE TOJIBKO «yM-
HbIe TEIJIAIBI», HO TaKxKe Apyrue cucteMbl VIHTepHeTa Beleil, mo3BOJISIO-
e aBTOMATU3UPOBATH paboTy Habopa MpUOOPOB MyTeM 3aJaHUA HYKHBIX
110JIb30BaTeJII0 cileHapueB. [leibio 0630pa ObLIO paccMOTpPeHKe CII0cOO0B Ha-
MACAHUS CIIEHAPUEB, HO MHTEPEC MPEeICTABISIN TaKXKe U MEeXaHU3MbI 01
KJIFOUEeHUsT TPUOOPOB K CHUCTEMaM. BbIIn paccMOTPEHBI CJIEIYIOIIe pele-

HMA.

HortiMaX-Go! KouTpoJsiep

HortiMaX-Go! [2] — sTo 3akpbITas cucrema, KOTopasi BKJIIOYAET B ceOs
IIporpaMMHOe obecriedeHne JJisd yIPaBIeHNsT MUKPOKJIMMATOM W BOJTHBIMU
pecypcamMy B TMOJTHOCTBHIO aBTOMATUYECKOM pPeXKUMe, a TakxKe Jijid cbopa
CTATUCTUYECKUX JIAHHBIX. HelocTaTKOM CHCTEMBI SBJIAETCS TO, YTO JIJisd ee
paboThl HEOOXOIMMO CTPOrO OIIPEAE/IEHHOE allllapaTHoe obecliedeHne, BKJTIO-
Jaforiee B cebst KaK caM MUKPOKOHTPOJLIEP C CEHCOPHBIM dKPAHOM, TaK U
MOJIKJII0OYaeMble K HEMY CIeIMaJIbHbIe KOMMyTaTophbl «Smart Switch», ko-
TOpPbIE MOTYT BBITIOJIHATH CIIEIU(PUIHOE yIIPpABJI€HNE PA3JIUIHBIMU YCTPOI-
CTBaMU, HAIIPUMED, Y3JIaMU, CMEITUBAIONINMI yI00peHns. A TJIFOCOM CUCTe-
MBI SIBJIETCS TO, YTO 4epe3 «Smart Switch» K KOHTpoJLIepy MOXKHO ITO]I-
KJTIIOYUTH JIIOObIEe HEOOXOIMMbIe TTPUOOPHI, IIPU 3TOM OT HYeJIOBeKa TpebyeTcs
TOJIbKO TIPABUJIBHO MPUCOEIMHUTH KOHTAKTHI K KJeMMaM KOMMYTaTopa 1
IIPUCBOUTH KOMMYTaTOpPaM aJIpeca B CETH, JIAJIbIIIEe TIPOrpaMMHOe obecreve-

HHE CMO2KET CaMOCTOATEJIbHO OIIPEAEC/INTb BCE ITOAKJ/IIOYECHHBIE yCTpOfICTBa

U CKOPPEKTHUPOBATH II0 3TUM JaHHBIM I/IHTep(befIC AJId UX MOHHUTOPHHI'aA.

d L & §F

18.0 20.0 22.0

Puc. 1: 3agannoe npasuio B cucreme HortiMaX-Go!




Sa/laHue MMpaBuj aBTOMATU3AINYA TTPOU3BOANTCS OTIEIbHO I KaXKII0-
ro THUIA YCTPOUCTB. Y Ka)KJIOrO0 TAKOrO TUIIA OOOPYJ/IOBAHUSA B CIIEHAPUU
CYTKH JeJIATCA Ha 3apaHee OMpe/esleHHOe KOJMYIEeCTBO OTPE3KOB BPEMEHH,
Ha3bIBAEMBIX dTAIaMU, M KayKI0OMY TaIly COOTBETCTBYIOT CBOM YCJIOBHS Cpa-
baTbiBaHus akTyaTopoB. Ha pucynke 1 mpeacTaBieHo IpaBUIO JJIA OTHOTO
13 3TAIOB, KOTOPOE MOJIb30BATEb OMPEJETIUII IyTeM BbIOOpa I'PAHUYHBIX
3uadeHuit remreparypbl. COrJIacHO YCJIOBUSM, TIPU TeMIlepaTrype Huxke 18
rpajlycoB B TeILIUIlE OyJIeT BKJIOYATHCS OToIIeHue, a mpu 20 rpajycax —
OXJIaKIEHWE, MOIITHOCTH KOTOPOTO YBEJIMYUTCH, €CJIN TeMITePATypa JOCTHUT-

HET OTMETKU B 22 TpaJryca.

IInardpopma OpenHAB

Texnomorng OpenHAB [4] nanucana mosHOCTBIO Ha s3bIKe Java w0 1O3-
BOJISIET OO0bEIUHUTH TPUOOPHI C PA3HBIMU MIPOTOKOJIAMHU B €JIMHYIO CeTh. 3a
CYeT TOro, 4TO IIaT(OpPMa, SIBJISIETCA OTKPBITON, OHA AKTUBHO Pa3BanBaET-
cd U K Hell obaBiieTcd MOJIepKKa Pa3andHbIX ycTpoiicTs. g Kaxkmoro
BUAa YCTPONCTBA HOAKJIIOYAETCA CIICIUAJIBHBINA NJIArUH, KOTOPBII IIPUBOUT
uHTepdeiic B3anMoIeicTBUs ¢ TPUOOPOM K OOINEMY BUJLY.

TexnoJsiorust IpeOCTABISIET MOIIHBI HWHCTPYMEHT IPOTrPaMMHUPOBAHUS
JIOTUKH C TIOMOIIbIO CKPUTITOB U TIPABUJI JJIs 33 IaHUsT KYMHOI'O» TIOBEICHUS
ycrpoiictB. CKpUIITHI 1 IPaBUJia OMUCHIBAIOTC Ha s3bike Xtend, pa3pabo-
TaHHOM KoMam;10if mpoekTa Eclipse. CKpunThl ompeiesiioTcsi B TEKCTOBOM
daiisie, KOTOPBI JEJIUTCH HA CEKITUU: CEKIINs UMIIOPTUPOBAHUS PA3TUIHBIX
THUIIOB, CEKIUsi OObABJICHUS TEPEMEHHBIX U CEKIUd caMux mpaBui. Kaxk-
Jioe IpaBuJio uMeeT OJioku “when” ¢ yciioBugMu cpabaTtbiBanus u “then” c
o6710k0M KoMmau . 1o, 9TO clieHApUU MHITYyTCA Ha CIEMUAJTbHOM TEKCTOBOM
SI3bIKE, MOXKHO CYUTATH HEJOCTATKOM /JIJI HE 3HAKOMBIX C ITPOTPAMMUPOBa-
HUEM II0JIb30BaTeJICH.

Bce noagkmogaembie K cucteMe TpuOOPHI 3aIIUCHIBAIOTCSI IT0JIb30BaTEIEM
B CIIeIMaJIbHBIN CIUCOK C YKa3aHWEeM THIIA YCTPOMCTBa, €ro MMEHU, NKOH-
KU JJIsT OTOOpaKeHusl Ha dKpaHe, KAHAJA CBA3U W TPYMIBI, K KOTOPOI OHO
IPUHAJJIEXKUT [0 PACIIOJIOKEHUIO (IPYIIIOi MOTYT OBbITh JATYUKHU, PACIO-

JIOYKEHHbBIE, HAIIPUMED, B OJIHON KOMHATe). JlJIsi MOJIKIF0UeHNsT MUK POKOH-

9



TPOJJIEPOB C ONEPAIMOHHON cmcTeMoi Linux cyIecTByeT TOTOBBIM 00pa3
cucrembl ¢ OpenHAB — openHABian, koTopsriii mo3pojsier HagaTh padoOTy

0e3 JINITHUX 3aTPaT BpEeMEeH! Ha YCTAHOBKY IIPOIPAMMHOIO 00ECIIeYeHMsl.

I'padpmuecknit kondpuryparop Node-RED

NucTpyMeHT mporpaMMUPOBaHUs ¢ OTKPBITBIM MCXOTHBIM KojioM Node-
RED nammcan Ha si3bike JavaScript u mo3BoJiseT depe3 Opay3ep HOCTPOUTH
B rpaduiecKkoM BHIE CXEMY B3aMMOJIEHCTBUsI YCTPONCTB MeEKIy COOOii u
110 Hell creHepupoBaTh UCIOJHAEeMbIH Koj. Ha criene pacmosraraiorcss 0J10-
KM CEHCOPOB U aKTyaTOPOB, a TaKxKe (PYHKIIMOHAJIbHBIE OJIOKU. Y KaXKJIOTO
U3 HUX €CTh CBOs ITAHEJb PEJAKTUPOBAHUS CBONCTB W HEKOTOPbBIC TaHEU
BKJIIOYAIOT OKHO JIJIsT HAITUCAHUsT (DYHKIUI Ha s3bike JavaScript. Y371 Mo-
JIeJI CIIEHAPUsS CBA3BIBAIOTCS JIMHUSIMU TaK, YTOOBI JIAHHBIE, TIOCTYIIAIOIINE
OT CEHCOPOB IPOXOJUIN dYepe3 (pyHKIMOHAJIbHBIE OJIOKM U B PE3yJbTaTe,
MOTUPUITIPOBAHHBIE TPeOyeMbIM 00pPa30M, OKa3bIBAJINCH HA BXOJE y aKTYy-
aTopos. llepenava mrHdopMamm MeKIy y3JaMU CIIEHAPUS PEATU30BaHA C
roMoIibio JavaScript o0beKTOoB msg, nMeromux neperpysky Payload, koTo-
pasi MOXKeT ObITh 0ObEKTOM JIIOOOI0 THIIA.

Cy1ecTByeT MHOXKECTBO OMOJIMOTEK, KOTOPBIE MO3BOJISIOT PACIHIMPUTH
BO3MOXKHOCTH HHCTPYMEHTa U J00aBJATH OJIOKA B CTAHIAPTHYIO IAJIAT-
py cucremsbl [3|. Hampumep, Bodmoxkua pabora ¢ kontaktamu GPIO (un-
TepdeiicaMu BBOJIA-BbIBOJA OOINEr0 HA3HAYEHWS) PA3JIMIHBIX MHKDPOKOH-
TPOJLIEPOB JJisg ODIeHusI ¢ (PU3UIECKUMH yCcTpoiicTBaMu. B mobaBIeHHBIX
OJI0KaX CEHCOPOB U aKTyaTOPOB YKa3bIBAIOTCsI HOMEPA MTOPTOB, K KOTOPHIM
MTOJIKJTIOUEHBI ITPUOOPHI. /L1 6eCIIpOBOIHBIX JIATYMKOB €CTh OJIOKU C BO3-
MOKHOCTBIO HCIIOJIb30BaTh OTKPBITHINA mpoTokosa MQTT, xoropwiii pabdo-
TaeT noBepx creka nporokosioB TCP/IP. B nporokome MQTT cobienust
HePeIAIOTCS MEXKLy KJIMEHTOM (M3/IaTe/IeM WU TOAIMCINKOM) U HPOKEPOM
— KOOPJIMHATOPOM, KOTOPBIN yCTaHaB/JIMBaeTcs Ha cepsBepe. V3maresnb 1mo-
cbLIaeT OpPOKEpyY COOOINEHNE C yKa3aHUEeM TeMbl, a OPOKEp OTIPaBJISIET €ro
MTOATIMCABIIIUMCS Ha, 9Ty TeMy KJmeHTaMm. [Ipyr mcrnob30BaHuM TaKOTO IO/I-
xoJta Juid input u output 6siokoB B Node-RED BO Bpems mojienupoBaHus

cIieHapus TPOMUCHIBAIOTCS a/Ipeca OPOKEPOB W TEMBI.

10



Ha pucynke 2 mokazana MOJeJIb ClieHAPUS, aHAJOTHIHAs CIIEHAPUIO Ha
puCyHKe 1, a Tak>Ke 9acTh IIaHEJIU PeJaKTUPOBaHUs CBONCTB OJjioKa switch,
C IIOMOIIBIO KOTOPOTO U 3aJaHbl I'PAHUYHBbIE 3HAYEHWSI, MOCTYIIAOIIIE OT
natunka Temieparypbl 1o MQTT mporokosy. MoHO cka3aTbh, 9TO CUCTE-
Ma, SIBJISIETCSI YHUBEPCAJIbHOMN, HO OHA OKA3bIBAETCS JTOBOJILHO CJIOXKHOM 17151
HEITOJITOTOBJIEHHOT'O I10JIb30BATE A 33 CUYeT HAJWYNA Ha HAJATPE OOJIBIIO-
r'0 KOJIMYIECTBa Pa3HOOOPA3HBIX OJIOKOB, PA3HUIILI B CIIOCO0AX 3aJaHUs JIJIsI
HUX TPABUJI, a TaK¥Ke HeOOXOIMMOCTHU TPU UCIIOJIH30BAHUU MHOTUX U3 HUX

0bJiaIaTh 3HAHUSIMU sI3bIKA IIpOrpaMMUpoOBanus JavaScript.

W Name

40 Property + msg. payload

f omonnexdLue
a0 e a0 : 1%

X <= v - 9% 18
memMnepamypa (| =— switch —_— oxnaxodeHue

\ L = - - f-a 20 —2 | x
oxnaxoeHue x2

== v |+ 0 29 —3 | x

Puc. 2: 3amannoe npasusio B cucreme Node-RED

Ilnardopma Samsung Artik Cloud

O6nagnas mwiardopma Artik Cloud mpemmaszHaveHa [jist 00ObeIMHEHUS
BCEBO3MOXKHBIX ycTpoiicTB NHTepHeTa Bereii. CyIecTBYIOT ClieluabHbIE
WHCTPYMEHTBI Pa3pabOTKU JJIsi MHTErPAIMU 00JIATHOTO CEPBUCA C PA3JINY-
HBIMU S3bIKAMU ITPOTPAMMUPOBaHUs, TakuMu KakK Java, Python, C u C++-.
Ho k¥ HuM He oTHOcaTca a3biku 1atdopmbr NET. g kaxkmoro twuma
YCTPOUCTB OIpeJieieH MaHU@ECT, B KOTOPOM YKa3aHO, KaKue JaHHbIE ITPU-
O60p MOXKET TMOJIy9aTh U KaKue OTIPaB/IsiTh. C TOMOIIBIO TPOTOKOJIOB, TAKUAX
kakK yxke ynomsauyTbiiit MQTT, ycTpoiicTBO oOMeHUBaeTCst ¢ 00JIAKOM CO00-
IIIEHUSIMHU.

MozxHO c03/1aBaTh MpaBUJa JJId 3allyCKa JeWCTBUN Ha OCHOBE COOOIIE-
unit Artik Cloud. IIpaBuia ompeenstoTcst CaeayromnmM o0pa3oM: 13 BbIIIa-
JTAOIIIX CIICKOB BBIOMPAIOTCST CEHCOD, ToJIe (M3 CIUCKA MOJIeil, Olpe IesIeH-
HOM B MaHudecTe yCTPONCTBA), OMEPATOP, 3aTeM yKa3bIBaeTCs TPAHUIHOE

suadenue. B obnactu THEN BwiOupaeTcss akTyaTop M HeOOXOoamMas s
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BBITIOJTHEHUsT KOMaHa. KomaH1a MoKeT ObITh CTAHIAPTHOM WM MOJIb30Ba-
TeJILCKOI (HamucaHHuoi ¢ ncrnosb3oBanueM dopmara JSON). Takoii cocob
3a/[aHNs CIIEHAPUEB MIPEJINOIaraeT 3aroTHeHne M0JIb30BaTeIeM TpOoOesIoB B

IpeIoCTaBIIEMO popMe.

BriBoa: BBISIBJIEHHBIE TIPH 0030p€ HEJOCTATKH CHCTEM ITOJITBEPXKIAIOT
aKTyaJJbHOCTH pelraeMoii 3a1aqu. Tak:Ke, HUKaKue U3 PaCCMOTPEHBIX TLJIaT-
dopM He MOryT OBITH KMCIIOJIL30BAHbI B HACTOSIIEH paboTe n3-3a HeCOBMe-

CTUMOCTU TEXHOJIOTUA.

2.2. Ncnoap3yeMble TEXHOJIOTUN

MeramoaenupoBanue, miaardopma REAL.NET

PopMabHO ONPEIE/IUTh JIF0OOM A3bIK MmoMoraeT ero cuutakcuc. Ou 3a-
JaeT IMpaBWa MOCTPOEHUT KOHCTPYKIIUM A3bIKa W3 €ro 3JeMeHTOB. /Jljsa
oTpesieJIeHs CUHTAKCUCA BU3YAJIbHOTO S3bIKa OOBIYHO MPUMEHSIOT MeTa-
mojesiupoBanue [18]. B srom ciydae onumcaHue TPOBOIUTCS MOCPEICTBOM
WCIIOJTb30BAHUsT WHOTO A3bIKa, HA3bIBAEMOI'O MeTas3bIKoM. Ha MeTas3bike
CO3JIaeTCsl METaMO/IE b — MOJIE/Ib, OITUCHIBAIONIAasl MHOXKECTBO BCEX KOPPEKT-
HBIX KOHCTPYKIIUHA S3BIKA.

[Tnardopma REAL.NET — 310 cpesa nmpeaMeTHO-OpHEeHTHPOBAHHOTO BH-
3yaJbHOI'0 MOJIEJITMPOBAaHUS, KOTOpad paspabaTbiBaeTcd Ha maaTdopme .NET
U peau3yeT MTPUHITAT KTJTyOOKOTO METaMOIEIMPOBAHUSY , TPU KOTOPOM CYTIT-
HOCTBH B MOJIEJIM PACCMATPUBAETCS OJHOBPEMEHHO M KaK THII, U KaK dK3eM-
ISP HEKOTOPOTO THUTIA.

Ha pucynke 3 npencrasiiena apxurektypa cucrembl REAL.NET. Ee an-
POM SIBJIsIETCs HAIIMCAHHBIN Ha si3bike F# peno3uTopwuii, ¢ MOMOIIBIO KOTO-
pOro CO3JIal0TCs BU3YyaJIbHBIE S3BIKU. B peno3uTopuu ompeneseHbl MeTO-
JIbI PaOOTHI C A3bIKAMU U XPAHATCA UX MeTaMojem. [Ipu co3nanum HOBOTO
A3BbIKA CTPOUTCS HOBasg METaMOJIeb C IMTOMONIbI0 MHMPACTPYKTYPHOU Me-
TaMOJIEJIN, KOTOPas COJAEPXKUT IJIEMEHTBI, BKJIIOYAIOIIAE Y3€J1, OTHOIIEHUS
aCCOIMAINY M HACJEIOBaHUsI, OT KOTOPBIX MOXKHO WHCTAHIIUPOBATHCH JIJIS

CO3JaHuAd Y3JIOB 1 OTHOIIIEHUII HOBOTO A3bIKa, a TaK>Ke€ OHa IIO3BOJIAEeT J0-
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0aBJIATH aTPUOYTHI CO3/IaBAEMbIM dJIeMeHTaM. TakuM 00pa30oM, B PEIIO3UTO-
puu onpejiessieTcss Habop BCeX BO3MOXKHBIX CYITHOCTEH S3bIKA.

C pernozuTopueM CBA3aHBI PEIAKTOPHI U CPEJACTBA MPOBEPKU OTPAHU-
yennii. B macroseit paboTe UCHOIb3yeTcs OJIMH U3 PEJAKTOPOB CUCTEMBI
REAL.NET, koropsiii peann3oBan Ha si3bike IporpaMmmupoBanus C# ¢ 1mo-
mortbio rpaduaeckoit mogcucrembl WPE (Windows Presentation Foundation)
B coctaBe .NET Framework n 6ubsmorekn GraphX [1] ¢ oTKpBITBIM nCXOI-
HBIM KOJIOM, KOTOPAas IIPEeIOCTABJIAET IUPOKUNA CIIEKTP WHCTPYMEHTOB JIJIs
orpucoBku rpadoB. JlaHHBIl perakTop UMeeT CIEHY I MOJETUPOBAHUS
CIleHapus, HA KOTOPYIO MOXKHO ITEPETACKUBATH O0bEKTHI METAMOJIE/IH, TIPE/]I-
CTaBJICHHbIE B TAJIUTPE HA OOKOBO# maHesu. Y 3JIEMEHTOB MOJIE/IH, CIIUCOK
KOTOPBIX JIOCTYIIEH TaKKe Ha OOKOBOH IMaHe/ M, MOXKHO MEHSTH 3a/laHHbIE B

TOM K€ MeTaMOJIeJI CBOMCTBA C IIOMOIILIO PEIaKTOPa CBOUCTB.

<<component>> E
<<component>> <<component>> c cTBO
Pepakrop Pepakrop n::zgeplm
WinForms/MS AGL WPF/GraphX -
OrpaHuyYeHni
<<component>> E
Penoautopui

Puc. 3: O6masa crpykrypa REAL.NET

Bubauoreka RX.NET

RX.NET [5] — 6ubsmoreka Reactive Extentions mis miardopmbr NET
ot kommaaun Microsoft. Ona ympormaer paboTy ¢ IOTOKaMu COOBITHHI U JTaH-
HbIX. J[71s1 9TOTO B HEll onpeaesaroTcs JiBa ritaBHbIX nHTepdeiica: IObservable
u IObserver. IObservable comepKuT eIMHCTBEHHBIA METOJ, ITO3BOJISFOIIII
OANUChIBaThbCcA Ha Hero. [lognucaukom moxket ctath [Observer, y koroporo
OTpeieIeHbl TPU METO/IA: i OOPAaOOTKHU HOBBIX IMOCTYIIAIOIINX 3JIEMEHTOB,
OIMOOK M CUTHAJIOB OKOHYAHUs TocjaemoBaTebHocTu. VaTepdeiic ISubject
peJicTaBjsieT 00beKThI, KOTOPbIe OfHOBpeMeHHO daBJsitorca u [Observable,
u [Observer. To ecTb OHU MOT'YT OJTHOBPEMEHHO OBITH W TOJITUCIYUKAMU, U

o0 beKTaM1, HA KOTOPbIE MOXKHO HOIIIMCAThCsI. B Oubanoreke pean3oBaHbI
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METO/IbI, TTO3BOJISIONIE KOHBEPTHPOBATH B 0003PEBAEMYIO MOCJIEI0BATE b
HOCTb HADOPBI COCTOSHUN, HAIIPUMED, PE3YJILTAaThl CTEHEPUPOBAHHBIX COOBI-

TUNA.

Text Template Transformation Toolkit

[Ta6onubr T4 [6] npuMeHSIFOTCs J1J1sl TeHEPAIIUU KO U COCTOAT U3 TEK-
CTOBBIX OJIOKOB U OJIOKOB JIOTHKY yIIPABJIEHUs. ¥ TPABIIIONINI KOJT ITO3BOJISI-
eT 3a/1aBaTh 3HAYECHUs JIJIsd IIEPEMEHHBIX YacTell CTPOK U MAHUIYJIUPOBATH
YCJIOBHBIMU U TOBTOPSAIOIMIUMUCH JaCTIMU 1T (POPMUPOBAHUA KOHETHBIX
daityioB. 111ab/IoHBI TaKyKe MOTYT BBI3BIBATHCA BO BpEMS WUCIOJTHEHUS, JIJIsI
Yero UM TEePeTaloTcd B KadecTBe MapaMeTpPOB HeOOXOIMMbIe TIEPpEMEHHDIE.
[Ta6sombr T4 gaBasiorcs HaacTpoiikoit s Visual Studio, ogaHaxo ecth BO3-
MOYKHOCTb MX WCIIOJTb30BaHUsI BHE JIAHHOHN CpeJibl pa3pabOTKU IyTeM IT0]I-

KJIIOUEHUd CHeNNAJIbHBIX OMOIMOTEK.

Bubaunoreka Trik-Sharp

Bubsmoreka Trik-Sharp [7] mpemocrasisier mHCTpYMEHTBI J1jisi pabOTHI
C BHYTPEHHUMH U BHEIIHUMH IIepUPEPUNHBIMUA YCTPOUCTBAMU MUKPOKOH-
tposuiepa TRIK [10]. Ha neaTpaibHOM IIpoIieccope MUKPOKOHTPOJLIIEPA CTO-
UT ONepaIMOHHas cucTeMa Linux, mporpaMMupOBaHUE JIJId HETO BO3MOXKHO
Ha MHOKECTBe SI3bIKOB, BKJIodas s3biku 1taTrdopmbl .NET. Mukpokon-
tpostep TRIK wmmeer 4 mopra nasurarteseit m 19 curHaJbHBIX ITOPTOB, a
IIOJIKJTIIOYEHNE K HEMY BO3MOKHO 110 cetu Wi-Fi.

Bubnunoreka Trik-Sharp npegrnasnadena st TporpaMMUPOBAHUS HA SI3bI-
kax C# u F#. Ona 1aet BO3MOKHOCTh PACCMATPUBATH ITOAKJIIOIAEMbIE CEH-
copnl kKak Observable B Tepmuuax Reactive Extentions, a akTyaTropbl — Kak

Observer, uto ympoiraer paboTy ¢ HUMHU.
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3. ApxurekTtypa pa3paboTaHHOro pelnieHud

GeneralTemplate {«------- WpfEditor Generator

TRIK —— RobotSimulator

Repo
BO3MOAHOCTE OTPHUCOBEM
NOopToOB Y Y3NOB MOOENK

v

GreenhouseMetamodel

Puc. 4: /Inuarpamma KOMIIOHEHTOB IIPOTOTHUIIA,

Ha pucynke 4 nipeacrasiena guarpaMMa KOMIOHEHTOB ITPOTOTHIIA I'Pa-
dugeckoit cucreMmbl. KOMIIOHEHTBI, KOTOPbIE TPEOOBAJIOCH PEAIN30BaTh UJIN
MOJIMPUITUPOBATH, BbIJEJIEHbI YepHBbIM 1BeToM. OJIMH U3 HUX — 9TO MeTa-
MO/IeJTb HOBOT'O BU3YaJIbHOTO S3bIKA, PeaIM30BaHHAs ONMMCAHHBIM BBIIIE 00-
pPa30M € OMOIIBI0 THPPACTPYKTYPHON METAMOIEIN PEIIO3UTOPUS CUCTEMBI
REAL.NET.

Bxopgamme B MeTaMOIesh sI3bIKa «YMHOM TETLTUITHI» SJIEMEHTHI TTOKa3a-
Hbl Ha PHUCyYHKe . B Hee BXOIUT €JMHCTBEHHOE OTHOIIEHWE aCCOIUAIINM,
SABJIATOIIEECsT IKIEMILIIPOM MHAPACTPYKTypHOU accomuarun. OTHOIIeHne
3aJ1a€TCs C TIOMOIIBIO YKa3aHUsI UCTOYHUKA U IEJIEBOI BEPITUHBI, KOTOPHIE
00s13aHbI SIBJIATHCA HACTEIHUKAMU aOCTPAKTHOIO y3J/1a METAMOJIE/IH, TaKKe
SIBJIATIOIIEr0CS IK3EMILIIPOM HHPpPACTPyKTypHOTOo. B MeTamMoieib BKITIOUe-
HbI CEHCOPBI, KOTOPBIX Ha JAHHBI MOMEHT JIBa TUMA W aKTyaTOPbI C TPEMS
TunaMu. ATpubyTaMu JIjIs HUX SIBJISIOTCS HOMEPA IMOPTOB, K KOTOPBIM IT10]I-
KJIIOYEHBI (bu3udeckue ycrpoiicTBa. [loromkaMu abOCTpaKTHOTO y3J1a TaKkKe
ABJITIOTCS JIOTUYECKas Orepariys, HacJAeJHUKAMU KOTOPOT IBJIAIOTCS OTlepa-
uu 1 u IJIV, m maTEepBaJjI, KOTOPBIH C IOMOIIHIO ATPUOYTOB MUHUMAJIHLHOT'O
U MaKCHUMAaJIbHOTO 3HAYEHUS 3a]a€T OTKPBITHIN TPOMEXKYTOK JIjIsI TPOBEPKU
COOTBETCTBUsA €My BXOAHOro 3HadeHus. [Ipu satom 3nadenune null naTepIpe-

THUPYETCA KaK OTCYyTCTBHUE HI/I}KHGI‘O/BerHeI‘O OIr'paHNY€CHMAd.
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TaK}Ke anI/I6YTaMI/I AJId Ka2KJ0I'0 JdJEMEHTa METaMOIC/JIN ABJIAIOTCA:
rpacduyecKas urypa, 3ajarolnas ero BHUJ IIPU BU3YyaJbHOM HOCTPOEHUU
crieHapust; OyseBblil Tun isAbstract, moKa3bpIBAIOIINIA, MOXKHO JIU UCIOJIb30-
BaTh 3JIEMEHT ITPU HEIIOCPEACTBEHHOM MOJIeIMpOBaHu; THUII instanceMetatype

— POIUTETHCKHUI 3JIEMEHT B MH(MPACTPYKTYPHON METaMOJIEIH.

Link

abstractNode

N

= abstractOperation = abstractSensor | = abstractActuator = interval

A + port: int + port: int +min: int?
/_'ﬁ ‘% +max int?
andOperation = airTemperature ‘ = openWindow
closeWindow

orQOperation = soilTemperature = pourSoil

uc. H: TaMOJEJIb BU3VAJILHOTO A3BIKA, IS “VMHONM TEeILIUIIbI
Puc. 5: Meramone 3vya. Or'0 A3BIKA “ oi1 Te ”?

Bcemu stuMu 371eMeHTaME TI0JIB30BATE b OIIEPUPYET JI CO3ITAHUS MO-
Jenu ciieHapus ¢ rmomolnbio kKommonenTa WpfEditor — pegakTopa cucrembr
REAL.NET, B koropoM MOanpHUIIIpOBAHO BU3yaJILHOE IIPEICTABICHIE BEP-
IIAH JIJIsI MOJEJIUPOBAHUS TIOBEJIEHUsT «yMHO#M Teruibly. lasa cosmanus
TEKCTOBOT'O CIIEHAPHUsi MOJIEJIb ITOJAETCsI Ha BXOJ T'€HEPATOPY, C MOMOIIHIO
KOTOPOTO CO3/IaeTCsl MCIIOJIHAEeMbIA (baital T MUKPOKOHTPoJLIepa. Kowm-
noneHT RobotSimulator mpemgnazHnaten ijisi TeCTUPOBaHUs CIieHAPUEB 0e3

HCIIOJIb30BaHUA POOOTA.
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4. PenakTop OJisi OTPUCOBKU MOJieJieil clleHa-
pueB

Kaxk 6p1710 ckazaHo paHee, IIPOTOTUI CUCTEMBI yIIPABJIEHUS ‘YMHOM Ter-

muteir” ucosibdyer WPF /GraphX penakrop miardopmbr REAL.NET (pu-
CYHOK 6).

l Link

llﬁ Interval

l SoilTemperature

t° noysbl

lE AirTemperature

ll-_l CloseWindow

ll_l OpenWindow

N U HTepBan 9 . OTKpbn-b - OrQperaticn
. AndOperation

Elements:

== a0penWindow

. afndOperation

N
A

Selected entity:

| WMHTepBan [J Name Type  Value

max Int 20

1q
instanceMetatype | String | Metatyp:
isAbstract Boolean | false

shape String | View/Pic
t° Bosgyxa [© w1 »

Constraints

Execute

Generate

|Samp|e add-on successfully launched ”

Messages | Errors

Puc. 6: Pemakrop mnardopmber REAL.NET

Omnpenesnsiss creHapuii pabOThI IPUOOPOB, II0JIL30BATEIb IIEPETACKUBAET
U3 MAJATPHI Ha CIIEHY BCE CEHCOPBI U aKTYaTOPbl, HAXOISAIINECS B TEILIU-
e, a TakKzKe HMHTEpBaJibl M JIOTUYCECKUE Ollepalli, KOTOPbIC HeO6XO,I[I/IMI)I
JIJIsT OIIpeJieJIeHnsl yCJA0BUil cpabaThIBaHUSI aKTyaTOPOB W (hOpMUPOBAHUSA
0oJ1ee CJIOXKHBIX TIPABUJI. 3aTeM 3aJlaeT B PeJaKTOPe CBOMCTB HEOOXOIUMbIE
3HAYEHNsI aTpUOyTOB 37eMeHTOB. II0TOK HaHHBIX BU3YaJM3UPYETCS C ITOMO-

IIHIO HAIIPABJEHHBIX pedep, KOTOPhIE II0JIb30BaTeIb OTPUCOBLIBAET, BLIOpAB
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CTPEJIKY B HaJUTPe U IMEJKHYB II0CJIeI0BATEIbHO CHadYa/ia HA MCTOUYHUK
JAHHBIX, & 3aTe€M Ha WX MPUEMHUK.

B pemakTope j106aB/ieHa BO3MOXKHOCTH OTPUCOBKH TIOPTOB Y 3JIEMEHTOB
sA3bIKA “yMHOM Termibl . /st aToro ot Kaacca StaticVertexConnectionPoint
oubmmorekn GraphX yHac/ie10BaH HOBBIH KJ1acC HOPTOB JIJIsSI BEPIIUH, B KO-
TOPOM J100aBJIEHBI CBOICTBA, ITOKA3BIBAOIINE SABJISIETCA JIX TOPT 3aHITHIM 1
JIJIsT KAKOT'O THIIa pebep TpeaHa3HaveH — BXOJAAININX WU UCXOJIATINX.

K yznam mopenu j100aBJIeHBI TTAHEH JIjIsi OTOOparKeHusl MTOPTOB: C Jie-
BOIl CTOPOHBI — JIJIsi BXOJSIIUX pebdep, a ¢ IIpaBoil, COOTBETCTBEHHO, — JIJIs
ncxoadamnux. IIpu 3ToM y CeHCOpPOB MOPTHI MOTYT PACIOJIAraThbCsl TOJBKO C
IIPABOil CTOPOHBI, & y aKTyaTOPOB TOJBKO C JIEBOH, TaK KaK IEPBbIE MOTYT
TOJIBKO OTIIPABJIATH CBOM JAHHBIE, & BTOPbIE TOJBKO MOJYyYaTh KOMAaHJIbI.
[Tpu nobaBienuun pebep pean30BaHa BO3MOYKHOCTD JIJIS BCEX Y3JIOB JUHA-
MHUYIECKH JI00aBJIATH HOBBIE IOPTHI, €CJU CYIIECTBYIOIINE MOPThHI TOTO K€
TUITa yKe BCe 3aHATHI. VICKIIIOUeHne cOCTaBIIAET y3e/ "MHTEPBaJ , KOTOPBI
MOKeT TPUHUMATH Ha BXOJI € IMHCTBEHHOE Pedpo.

[Tocsie Toro Kak crieHapuii CMOJIEJTUPOBAH, IMOJH30BATE/b HAXKUMAET Ha
kHoIKy (Generate Ha mpaBoil aHe/ M JIJisi TeHepaIuy 110 Mojie/ i Koja. [lpu
HaKaTHHU C ITOMOIIBIO OMMCAHHOIO Jlajiee TeHEPATOPa CO3/IAeTCs UCIIOJTHSIe-

MBI (haiijl, KOTOPBINA B JIAJbHENIIIEM MOYXKHO 3arpy3UTh Ha KOHTPOJLIED.
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5. 'enepaTop crienapuen

['enepaTop s MosrydeHus 1Mo TpaduIecKoil MOJIE/IN CIIeHAPUs JIjIs1 KOH-
TpoJIiepa pean3oBaH Ha s3bike CF# ¢ TOMOIIBIO yKe PACCMOTPEHHBIX TEX-
nojoruiit T4 u RX.NET.

[Ipu reneparuu clieHAPUEB I «yYMHOHN TEIIMIIBI» UCIIOJIB3yeTCsd I1ad-
JIOH BPEMEHM UCIOJHEHUS, B KAYECTBE IIapaMeTpa eMy IePeIaeTCss MOJIeJThb
13 peno3uTopusd. B Havasie TeHepupyeMoro Kojia Jjist KayKI0ro y3J1a MOJIeIN
CO3JIaeTCsI FIK3EMILISP COOTBETCTBYIOIIETO KJIACCa: CEHCOP, AKTYaTOp, HHTEP-
BaJI WK Jiorudeckas ornepaiiusg. O6beKTy IpUCBaNBAECTCS WHINBULY AJTbHBIN
HOMED, KOTOPBIl MCIIOIH3YEeTCsI, BO-IEPBbIX, JIJIsI 3a/[aHUs €r0 UMEHU (IIpu-
BEJEHHBINI K TUITY CTPOKU WJIEHTU(MPUKATOP KOHKATEHUPYETCS CO CTPOKOM
“element”), a BO-BTOPBIX, JIJIsT TOTO, YTOOBI HJIOKK OIEpAIiil MOIJIH XPAHUTH
CJIOBapb CO 3HAYEHUSIMH OT BCEX IOJKJIIOUYEHHBIX K HUM y3JIOB, I'JIe 9TOT Ca-
MBIl HOMED siBJsieTcs KiodeM. CJioBapb JUIst JIOTUYIECKUX omneparuii pop-
MHUPYEeTCd U3HAYAJIbHO MyTEM PACCMOTPEHHS BCEX MCTOUYHUKOB BXOJIAIIUX
B HUX pedep. [lasee y Bcex y3/10B 33/1al0TCsI CBONCTBA, 3HAYEHUSA KOTOPBIX
TaK>Ke ONPEIe/IAI0TCH U3 MOJEIH.

3aTeM KaXKJblil 9JIEMEHT paccMaTpuBaeTcs Kak Subject B TepMuHax
Reactive Extentions, koTopbIii TeHepUpPYeT COOBITHS JIJIsT CBOUX ITOJIITUCYU-
KOB — BCEX 3JIEMEHTOB COXPAHEHHOU MOJEJM, K KOTOPHIM OT HEro HaIlpaB-
JIeHbI pebpa, a TakKKe IOJIMCHIBAETCSI Ha CUTHAJIBI OT 3JIEMEHTOB, sBJIfA-
IONUXCA MUCTOYHUKAMU JIJII BXOJSAIINX B HEro pedep, u obpabdaThIiBaeT HX.
CeHcopbl MOJIeJ TN UMEIOT TOJIBKO UCXOJIIe pedpa, HO MOIIUCHIBAIOTCS Ha
cOOBITHSI peasibHbIX CEHCOPOB, TaK »Ke KaK He MMEOIe MCXOISINX pedep
aKTyaTOPbI MOJEJIU MyOJUKYIOT COOBITHUS JIJIsi PEAJIbHBIX aKTyaTOPOB.

Pabora ¢ peanbHbiMEu ycTpoiicTBaMu MukpokoHTposiepa TRIK mposo-
auTcs ¢ moMotbio oudanoreku Trik-Sharp. Ilpu aToMm 1151 KazK 1010 cencopa
1 aKTyaTopa MOJIEN CO3/IAI0TCA COOTBETCTBYIONINE OOBEKTHI KJIACCOB OMO-
JINOTEKH, 00pabdaThIBAIOIINE U IOCHLIAOIINE NHHOPMAIUIO Ha HOMEPa, IIOp-
TOB, YKa3aHHBIX B CBOCTBax 3jeMeHToB. Co3nanubie Ha nx ocHoBe Observer
n Observable 06beKTBI OOIAIOTCA C y3/J1aMU y2Ke ITOCTPOEHHON MOJIEJIH.

Bce nabarogarenn Mojenan oOpabaTbIBAIOT COOBITHE TOJIBKO B TOM CJIy-
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Jae, ecJid mepejlaBaeMoe 3HAYEHUE OTJIMIAETCs OT MPEJIbLIYIIEero 3HAYECHU s
TOTO K€ y3J1a-UCTOYHHUKA. TakuM 00pa3oM, (pU3nIecKuii akTyaTop cpadaThl-
BaeT TOJILKO B TOM CJIy4ae, eCJIM JI0 COOTBETCTBYIOIIEr0 aKTyaTopa MOJIe/In
JOTIJIO 3HaYeHne True oT KaKoro-1mbo CBA3aHHOTO C HUM y3Ji1a, KOTOPBIi /10
9TOro IepegaBaJj 3HadeHue False.

Ha pucynke 7 npejcraBieHa camas MaJieHbKash U3 BO3MOXKHBIX MOJIEJIeH,
a Ha MPUBEJIECHHOM JlaJjiee JIMCTUHTE KOJIa — YaCTh CTEHEPUPOBAHHOIO 110 3TOH
MOJIEJIA CIeHApUsi. Y3JIy «TeMIlepaTypa BO3AyxXa» IepelaeTcs 3HaueHue C
PpuU3UIECKOTO JATINKA TEMIIEPATYPbI, Jajiee 3HAUeHNEe IEPEXOIUT Ha BXOJ K
Y3JIy KUHTEPBAJI», TJIE IIPOBEPSIETCs, IIPUHAJJIEXKUAT JIU OHO TPOMEXKYTKY (5,
15), a 3aTeM 3HAYEHUE OMEPAIUU MPOBEPKYU MPUHAJICXKHOCTH MT€PETACTCS
y3i1y « OTKPBITHY , KOTOPHBIi B CJIydae Moy deHns True OTupaBiisieT KOMAaHIY

peajJbHOMY aKTyaTopy.

t° Bo3gyxa O—————— >0 wHtepsan O——— >0 OtkpbiTh

Puc. 7: Ilpumep Mmonenn

element0 = new Actuator (0);
element0.Port = 0;
IObservable<int > observable0 =
System . Reactive.Ling.Observable . FromEventPattern<int >(
h => element0.Event += h, h => element0.Event —= h)
.Select (e => e.EventArgs).Synchronize (). DistinctUntilChanged ();
IObserver<int> observer0) = Observer. Create<int >(x => element0. Action(x));
Subject . Create<int >(observer0, observable0);

ISubject<int> reactElement0

elementl = new Interval (1);
elementl.Min = null;
elementl .Max = null;

IObservable<int > observablel =
System . Reactive.Ling.Observable . FromEventPattern<int >(
h => elementl.Event += h, h => elementl.Event —= h)
.Select (e => e.EventArgs).Synchronize (). DistinctUntilChanged ();
IObserver<int> observerl = Observer. Create<int >(x => elementl. Action(x));

ISubject<int> reactElementl Subject . Create<int >(observerl , observablel);

element2 = new Sensor (2);

20



element2.Port = 0;
IObservable<int> observable2 =
System . Reactive.Ling.Observable . FromEventPattern<int >(
h = element2.Event += h,h => element2.Event —= h)
.Select (e => e.EventArgs).Synchronize (). DistinctUntilChanged ();
IObserver<int> observer2 = Observer. Create<int >(x => element2. Action(x));
ISubject<int> reactElement2 = Subject.Create<int >(observer2, observable2);

var sub0 = reactElementl.Subscribe (reactElement0);

var subl = reactElement2.Subscribe(reactElementl);
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6. Anpobarius

s ampobaliuu ObLT CO3JIaH CUMYJIATOD, MMUTUPYIONIN pabOTy CEHCO-
POB, KOTOPbIC B CJIyYallHBIA MOMEHT BPEMEHU BBIIAIOT CJIy4YailHble 3Ha4e-
HUsI, ¥ ObLI TTPOBEJIEH SKCIIEPUMEHT C yIaCTUEM YeJIOBEKA, He 3HAKOMOI'O C
OCHOBaMM IporpamMMupoBanus. KMy Oblia mpejjioxkeHa 3aj1a4a co CJIEYO-
et popMyJIMPOBKOIA.

Samada. [Ipu 3Ha9eHnn TemmepaTypbl Bo3ayxa 0osbie 20 rpaycoB Ha
JIATYHUKE, TOJIKJIIOUYEHHOM K TTOPTY HOMED 1, OTKPBITH OKHO C IOMOIIbIO aK-
TyaTopa Ha IOPTe C HOMEPOM H, a MpU 3HadYeHuu MeHbIe 20 rpajycoB —

3aKPBITh OKHO TIPU TIOMOIITN aKTyaTopa Ha mopte Homep 4.

I =R |

Sensor at Port 1. new value :
fictuator at Port 5 has acted?

m| s

| Link
Bensor at Port 1. new value :
fictuator at Port 4 has acted?

|EI Interval

Sensor at Port 1, new value : i

Tl SoilTemperature
Bensor at Port 1. new value :
fctuator at Port 5 has acted?

|E AirTemperature

Bensor at Port 1. new value :

|I"_I PourSail

|$ CloseWindow

|- OrOperation
- ‘. AndOperation
y

Elements:

== aAirTemperature

== alnterval
_ == alnterval
/7 UHTEPBan O == aCloseWindow }
I
_t" BO34yxa ~ -
ay alnterval .} OTRp bITb Selected entity:
Value

aAirTemperature ] null
aOpenWindow | 20

'5 nHTepsan [O Metatype Node
q | false
> 3a KpblTb View/Pictures/Greenhouse/interval.png

alnterval ] T

aCloseWindov Constraints
| Execute

Sample add-on successfully launched

Messages | Errors | Generate

Puc. 8: Hactb crenepupoBaHHOTO IO MOJIEJHN KOJa CIEHAPUI

[Tocse 0O bsicHEHUS TTPaBUJI PAOOTHI C CUCTEMON U IIPUBEJICHUS TPUMEPOB
ee MCII0JIb30BaHUS, TTOJb30BaTe b MOTPATUI 3 MUHYTHI Ha MOJAEeIUPOBAHUE
B Pe/IAKTOpPE TPeOyeMOro CIieHapHs.

Ha pucynke 8 mpejicTaBjieH CKPUHITIOT TOJIYIUBINENHCS MOJIEN U 3aITy-
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IIIEHHOTO 10 Hel CIieHapHsl, CTEHEPUPOBAHHOTO C TTOMOIIIBIO CUMYJIATOPa PO-
ooTa.

Taxk>ke ObLIO TPOBEIEHO TECTUPOBAHNIE C UCIOJIL30BaHIE MUKPOKOHTPOJI-
sgepa TRIK. Ha ocHoOBaHMY TTOAKJIIOYEHHBIX K HEMY JABYX JATYUKOB M OJIHO-
ro aKTyaTopa B pellaKTope ObLiIa IIOCTPOeHA MOJEJb CIIEHAPUS C YKa3aHUEeM
3HadYeHnil Ui cpabarbiBanust npudopa. CreHepupoOBaHHBIN HA OCHOBAHUU

9TO# MOJIeJIN KOJI ObLJI YCIEITHO 3aIlyIeH Ha MUKPOKOHTPOJLIEPE.
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SaKJII0OUEeHUeEe

B xoj1e nanHO# paboThI ObLIN MMOJYyYEHbI CJIEIYIONINE Pe3y/IbTaThI.

e CIpoeKTHPOBaHA APXUTEKTYPa IIPOTOTHUIA I'PahUIECKOl TEXHOIOTUN

yHOpaBJE€HUA «yYMHOI TEIJIUIE» M HOBOI'O BU3YAJIbHOI'O A3bIKA.

PeanuzoBan pemakTop Ha ocHOBe pemakTopa cucreMbl REAL.NET

JIJI TIOCTPOEHUS MOJIb30BATEJIEM MOJEIN CIEeHAPUs PadOThHI TEILINIIbI.

Peanuzosan remeparop ¢ nomorbio oubdanorekn RX.NET u mabdsonos

T4, npeobpa3ytomuit cO3aHHYI0 MOJE/b B clieHapuit Ha a3bike CHE.

[TpoBesiena ampobdais TpOTOTHIIA.

OcHoBHBIE pe3ysIbTaThl PAOOTHI OBLIN J10JI02KeHbI Ha KoHepentun “Co-
BPEMEHHBbIE TEXHOJIOTUH B TEOPUU W TPAKTUKe mporpammupoBanus’ [11].

PesynbraTr pabors! mocrynen mo ceouike [14].
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