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O0mas xapakTepucTHKA padoThl

AKTyaJIbHOCTb. B Hacrodiiee Bpems NEpCHEKTUBHONW apXUTEKTypoi
unpopmarponno-ynpasisitomux cucteM (MYC) peanbHOro BpeMeHH SIBISETCS
MOMyJbHas apXuTekTypa'. B jaHHON paGoTe MOyJIbHbIE BBIYHCIUTEIBHBIC CH-
crembl (MBC) paccMarpuBaroTcst Ha IpUMEpPe CUCTEM MHTETPUPOBAHHON MOIYIbHON
aBuonuku (MMA)?. PaGouas narpyska Ha cucteMy MMA 0ObIMHO NpejcTaBieHa
HaOOpOM 3a/ad, CTPYNIUPOBAHHBIX B pas3nensl. Ilox pasmenoM MOHMUMAETCs TpyTI-
na MPUKIAAHBIX 33734, KaK MPaBHIO COOTBETCTBYIOIINX OAHOMY NPHIOXKEHHIO, 1
B3aUMO/ICHCTBYIOLIMX IIOCPEICTBOM 00IIEH MaMsATH. 3a/lady BBITOIHSIIOTCS HEPHOIH-
YEeCKH: OJMH pa3 3a MEepUOJ] JOJDKEH BBIOTHUTHCS K3EMIUIAP 3a7a4M, Ha3bIBAGMBbIN
pab6otoii. [yt MBC TOJKHBI BBITOHATLCS 02PaHUYEHUsI PEATbHO20 8PeMeHU: BCE pa-
OOTBI IOJKHBI YCIIETh BBITOIHUTHCS B paMKaX 33aHHBIX AUPEKTHBHBIX HHTEPBAJIOB,
oIpeeNsIeMbIX eproaaMu 3a1ad. MHpopMannonHslii oOMeH Mexay padoramu pas-
HBIX 3a/1a4 OCYIIECTBIISETCS TOCPEICTBOM IIEpeaadn cooOIieHnit. Mexay 3a1adamu,
UMEIOIINMH OJMHAKOBBII MEPUOA, MOTYT CYIIECTBOBATH 3aBUCHMOCTHU 10 JAaHHBIM:
odepenHas pabora 3a/adn-TI0IydaTesst MOXKET OBITh ITOCTABICHA Ha BBHINOJIHEHHE B
paMKax CBOETO JUPEKTHBHOIO MHTEPBaJIa TOJBKO IOCIE MOJYYEHHs COOOIICHHUIT OT
BCEX COOTBETCTBYIOIINX PadOT 3a1a4d-0TIIPABUTEINCH.

JocTym pa3znenos K pecypcaM BEIYHCINUTEIS OCYIIECTBISICTCS COTNIACHO CTATH-
YEeCKOMY PACIUCAHUIO OKOH BBIMOJIHEHUS pa3zenoB. OKHO — HMHTEpBal BPEMEHH, B
TEUEHHH KOTOPOTO MOTYT BBIIIOJHSTHCS PAOOTHI OJJHOTO 3alaHHOTO pa3zaena. B pamkax
paszena BEIMOTHEHHE PaOOT OCYIIECTBISIETCS COMIACHO OJHOMY M3 INHAMHUYECKHX all-
TOPUTMOB TUIAHWPOBAHUSL.

[ox xon¢purypanueit MBC noHuMaeTcsi: KOJIMUECTBO M THUIIBI BBIYHCIUTEICH;
Ha0Op pa3zenos, B T.4. XapaKTEPUCTUKU BXOISALIMX B HUX MPUKIAIAHBIX 3a71a4 (IpH-
OPHTETHI, NMEPUOABl M T.II.) U 3aBUCHMOCTH MO JaHHBIM MEXIy HHUMH; IPHBA3KA
pa3zienoB K BRIYUCIUTENSAM; PACIUCAHHE OKOH Pa3/eNoB.

B nannoit paboTe paccMaTpuBaeTcs 3afada MPOBEPKH BHITTIOJIHEHHUS OTpaHuYe-
HUH peansHoro BpeMenu it MBC ¢ 3amanHo# koH(pUTYpanueit. OXHAM U3 IMHPOKO

HCIOJIb3yEMbIX Ha HNPAKTUKEC METOAOB MPOBEPKU BBIINOJIHCHUS TAKUX Ol“paHI/I‘ICHI/Iﬁ

ICrespo A. et al. Mixed criticality in control systems // IFAC Proceedings Volumes — Elsevier

Publ., 2014. — Vol. 47. — Ne 3. — P. 12261-12271.
2TTapamonos IT. I1., YKapuuos H. O. MHTerpupoBaHHbIe GOPTOBbIE BEIMUCIHTELHbIE CUCTEMBI: 0630

COBPEMEHHOTO COCTOSIHHUSI U aHAJIU3 IEPCICKTUB Pa3BUTHA B aBHALIMOHHOM HprbopocTpoeHun // Haydano-

TeXHHYECKHI BECTHUK HH(OPMAOHHBIX TeXHOIOTHI, MeXaHUKH U onTuky. — 2013. — Ne 2. — C. 1-17.
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SIBJISIETCSI [TIOCTPOCHUE M aHaju3 BpeMeHHoW auarpammsbl (BJI) dynkiuonnpoBanus
s1oit MBC npu IJIMTENbHOCTSX BBINOIHEHHS paboT NMPUKIAJHBIX 334a4 1 0OMEHOB
JIAaHHBIMH, PaBHBIX 33/IaHHBIM BEPXHUM OLleHKaM. BJl comep KuT HHTEpBaIIbI BBITIOIHE-
Hust padot. [Tomyuns takyro B/I, MOXXHO HETOCPECTBEHHO MPOBEPUTH COOTBETCTBHE
MHTEPBAJIOB BBINOJIHEHHsI Pa0OT OrpaHUYEHHsIM pealibHOrO BpeMeHH. MIMeHHO 3ToT
METOJ] UCTIONB3YETCsl B ITaHHOW padoTe.

Bl ¢dyaxunonnpoBarns MBC ¢ 3amanHON KOH(UTyparmeir MoXeT OBITh TO-
CTpO€Ha MOCPEACTBOM MPOrOHAa MMUTALMOHHOW MOJeNN (DYHKIIMOHUPOBAHUS TaKOW
MBC.

B coBpeMeHHBIX JieTaTesIbHBIX allaparax Ha CMeHy (eilepaTUBHOM apXUTEKTY-
pe MY C npunia MmoayiabpHas apxutektypa. [Ipu npoextupoBannu MBC, kxak npaBuiio,
TIPOUCXOIUT aHAJIN3 OOJIBIIOTO YHCIa BO3MOKHBIX KoH(purypanuit MBC, mns xoto-
PBIX HEOOXOIMMO TTPOBEPSITH BHIIOJIHEHNE OIPAHUUCHNH pealibHOTO BpeMeHH. B cBs3u
C 9TUM aKTyalbHa 3aj[a4a MPOBEPKH BHITIOIHEHHs OTPaHUYEHUI PEabHOTO BPEMEHU
it MBC ¢ 3aganHOl KoH(HUTypanneii.

CreneHb pa3padoTaHHOCTH TeMbl. Permennto 3a1a4, BOZHUKAIOIIUX TP TIPO-
extupoBannn UYC peanbHOro BpeMEHH, MOCBAIIEH psifi PabOT OTEYCCTBEHHBIX U
3apyOeKHbIX uccienoBareneid. B obnacte MopennpoBanus, BepupHKay 1 BEIOOpa
KOH(UTYpaluid TaKMX CUCTEM (B T.4. PEIICHHS 3a1a4 TUIAHUPOBAHUS) 3HAYUTEIbHBIN
Biuan BHecoun padbotsl H. I1. Bycnenko, B. M. I'mymkoBa, B. E. KoroBa, B. B. Bo-
eBoauHa, P. JI. CmensHckoro, O. I. Kodpdmana, b. I. Cymxosa, M. I. @ypyrsHa,
H. B. Konecosa, B. A. Koctenko, 0. I. Kapnosa, B. A. 3axaposa, A. K. Ilerpen-
ko, 1. A. Jloma3ogroii, R. Milner, C. A. R. Hoare, J. Bergstra, T. Henzinger, R. Alur
u D. Dill, P. Dissaux u F. Singhoff, E. André, K. Larsen, E. Clarke, C. L. Liu n
J. Layland, N. Audsley u A. Burns, u np. Pazpadorka MBC s KOHKpeTHBIX OOp-
TOB BBINOJIHSACTCS KOJUISKTHBAMU CJIeyIomMX opranuzanuii: Kopnopanms «pkyT»,
Kommanus «Cyxoit», TocHUMAC, HIIII «Iloner», Airbus, Boeing u np. Oneparu-
onHbIe cuctemsl st MBC paspabarsiBatorcs kommiektnBamu [ ocHUMAC coBmecTHO
¢ UCII PAH, Komnanun «Cyxoit», U'TMuBT coBmectHo ¢ «CB/l—BcTpanBaemsie
cuctembl», HUMCHU PAH, PIIKB, OKb «2nekrpoaBroMaTKa.

Cy1ecTByeT HECKOJIBKO MOJXOA0B K PEIICHUIO 3a/1a4i TIPOBEPKHU BBITOTHEHUS
orpaHn4eHui peansHoro BpeMenn it MBC ¢ 3amanHON KOHUTyparmeii.

W3BecTeH psAl METONOB, OCHOBAHHBIX HAa METOZE aHAIN3a BPEMEHHU OTKIIMKA
(RTA — Response Time Analysis). dns MBC 6pu1 pa3pabotan psan Momuduka-

HI/Iﬁ 3TOro Meroaa. OHH&KO, BCC€ HU3BCCTHBIC aBTOPY MOZ[I/I(i)I/IKaIII/II/I HE YUYHUTBIBAIOT
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TOTO, YTO B PA3HBIX paznenax cucreMbl IMA MOTyT UCTIONB30BATLCS PA3IMIHbIC aJl-
TOPUTMBI IJIaHUPOBaHUs. B TO ke BpeMsi 3Ta BO3MOXXHOCTh peajl30BaHa B TaKUX
orepanuoHHbIx cuctemax Juist cucteM MMA, kak VxWorks 653 u Barer 3. Kpome
TOr0, MHOTHE MoziMduKaiuu Meroia RTA He yuuThiBatoT HajaM4Yue 3aBUCUMOCTEH 110

JaAHHBIM, 6o YYHUTBIBAIOT JIMIIb YaCTUYHO.

JpyruM noaxoaoM K IPOBEPKE BBIIOJHEHMS] OTPAaHUYEHUN PEaIbHOIO BpeMe-
Hu st MBC ¢ 3amanHoi KOH(UTYpaIien ABIIeTCs IOCTPOCHNE MOICTH CHCTEMBI 1
ee (opManpHas BepupuKanus. ITOT MOIXOA MO3BOIAET yUECTh BCE ACHEKTHI (PyHK-
ronnposanust MBC, oHaKo OH HE IPUMEHNM IS CUCTEM OOJIBIION Pa3MEepHOCTH,
TaK KaK €ro BbIYMCIUTEIIbHAS CJI0KHOCTh SKCIIOHEHIIUAIbHO 3aBUCUT OT KOJIUYECTBA

IIPUKJIAJHBIX 3a1a4 B CUCTEMC.

Eme onHuM METOAOM IPOBEPKH BBIIIOJHEHUS OTPAaHUYECHUN PEAIbHOTO BpeMe-
uu st MBC ¢ 3amanHo# koH(UTypanueit siBisieres moctpoenue Bl pyHKITHOHHPO-
BaHusA 3101 MBC npu IIUTENbHOCTSX BBITOTHEHMS IPUKIAJHBIX 33Ja4 1 0OMEHOB
JTaHHBIMHM, PaBHBIX COOTBETCTBYIOIIUM 3aJaHHBIM BEpXHUM olleHKaM. BJI nomxkHa co-
JiepKaTh MHTEPBAJIbl BBINOIHEHUs PadOT MpUKIagHbIX 3a1ad. [lomyuus Takyro BJI,
MOYKHO HEINIOCPEJICTBEHHO IPOBEPHUTH BBINOIHEHHE OIPAaHUYEHHI PEAIbHOTO BpeEMe-
HHU. DTOT METOJ MPOBEPKH OIPAaHUMUYEHHUN PEATBHOTO BPEMEHH IUPOKO MPUMEHSIETCS
TIpM pelieHUH psaa 3a1ad npoekTuposanus MBC#, 1 UMeHHO OH paccMaTpHBaeT-

csl B JaHHOM pabore.

B/l ¢ynxunonuposanus MBC ¢ 3amannHoi KoH(UTypanneil MoxeT ObITh HO-
CTpOEHa TOCPE/IICTBOM IIPOrOHAa MMHTAIMOHHON Mozenu (QyHKIMOHMPOBAHUS ATOU
MBC. IIpu mocTpoCHNH TaKOM MOJIETTH €€ KOPPEKTHOCTH (TO €CTh COOTBETCTBHUE TTOBE-
JIeHUs] MoJienH rtoBeieHuIo nesieBoii MBC) nomkHa ObITH JOKa3aHa MaTeMaTHUECKH.
Moyienb 10JKHa UMETh MOJYJIBHYIO CTPYKTYpY (10 aHAJIOTHH C 1IeJIeBOW CHCTEMON),
TO €CTh ()OPMHUPOBATHCS U3 MOJIEJIEH THITOBBIX KOMITOHEHTOB MBC ¢ BO3MOXKHOCTBIO
BKJIIOYCHHSI B CBOW COCTaB IOJIb30BaTeNIbCKUX Mojenelr komrmoHeHToB MBC. B pe-

3YJIbTATC aHa/in3a MPCACTABJICHHBIX B OTKPBITOM AOCTYyNC CPEACTB MOACIHNPOBAHUSA

3Smeliansky R. L., Bakhmurov A. G., Kapitonova A. P. Dyana: An evironment for embedded system
design and analysis // Proceedings of the 32nd Annual Simulation Symposium — San Diego, California,
USA, 1999. — P. 50-57.

“4Balashov V. V., Balakhanov V. A., Kostenko V. A. Scheduling of Computational Tasks in

Switched Network-Based IMA Systems // International Conference on Engineering and Applied Sciences
Optimization. — National Technical University of Athens (NTUA) Athens, Greece, 2014. —P. 1001-1014.
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BBIUHCIIUTENBHBIX CUCTEM HE OBUIO HaliIeHO CPEACTBA, B MOJTHOI Mepe yA0BIETBOPSI-
FOIETro BceM chopMyIMpOBaHHBIM TpeOoBaHUsAM. [103TOMY OBIIIO PUHSATO pelIeHNe
0 pa3pabOoTKe HOBBIX METOIOB M CPEIICTB PEIICHIS ITOCTABICHHON 3aa4H.

Hesm u 3agaun. L{enbio qriccepTaiioHHON paOOTHI ABIIETCS pa3padoTKa MEeTO-
JIOB U CPEJICTB IPOBEPKH BBHIIIOJIHEHUS] OTPAaHUYEHHUHI peanbHoro Bpemenu st MBC
C 3aJlaHHOW KOH(UTypaluen.

JIng oCTHKeHNS OCTABIEHHOHN e OBUIH PELICHBI CIEAYIONINE 3a0a4H:

— IlpoBectu 0030p 3a/au, BO3HUKAIOMIMX Tpu mpoektupoBannu MBC u Tpe-
OyIOIIMX TPOBEPKH BBIMOIHEHUS OTPAHWYCHUI pearbHOTO BPEMEHH IS
koHpuryparuii MBC; copmynrpoBars TpeOGOBaHMS K METOAAM U CPEICTBAM
TaKOH NPOBEPKH, a TAKIKE MaTEMaTHUECKOMY arrapary B UX OCHOBE.

— BriOpare maremarmueckuii ammapar A7 ONHMCAaHUS (PyHKIIMOHMPOBAHHS
MBC u pacmmpHTh €ro B COOTBETCTBUH CO C(HOPMYITHPOBAHHBIMHU TpeOOBa-
HUSIMH.

— Iocrpouts 000061EeHHYI0 MOzesb GyHKkuMoHHpoBanus MBC, abcrparupo-
BaHHYIO OT CTpyKTypbl MBC n ucnonb3yembix B MBC airopuT™MoB MiaHU-
poBaHUSI.

— Jloka3arb KOPpEeKTHOCTh MOCTPOCHHOI 0000IIEHHON MOJIEIH.

— IIpennoxuth METO, KOHKPETH3UPYIOLIHI 0000IEHHYIO0 MOJIEb Ha Cllydaid
MBC c 3aganHON KOH(PHUTYpaITUeit ¥ TTO3BOJISIFOIIMNA ITPH TIOMOIIX TTOTy4YeH-
HOW MOJIEJIH IPOBEPUTH BBIITOJHEHUE OTPAHUICHUH PEaTbHOTO BPEMEHH IS
aT0i KoHpurypaunu MBC.

— Pa3paborars HHCTPYMEHTAIBHYIO CUCTEMY, PEATU3YIOIIYIO MPEITI0KESHHbIH
METOJI, ¥ BBITIONHUTH IKCIIEPUMEHTAIFHOE HCCIICAOBAHNE Pa3pabOTaHHOTO
METO/Ia Ha JaHHbIX, COOTBETCTBYIONINX peaabHbM MBC.

OobexTom uccienoanus sipisrorcst MBC u nx xondurypannu. Ilpenmerom
HCCJIeIOBAHMST — METOIbI IPOBEPKH BBITOIHEHUSI OTPAaHIMUYECHU I pealbHOro BpEMEH!
st MBC ¢ 3aanHOl KOH(UTYpanuei.

Hayunasi HOBM3Ha M TeopeTH4Yeckasi IEHHOCTb. B manHo# paboTe ncmonb-
3yeMBIH TIpH MoZeTHpoBaHuN (QyHKIMoHHpoBaHMsT MBC Maremarndeckwii ammapar
ceTell BpeMEHHBIX aBTOMAaTOB C OCTAHOBKOW TaliMepOB pacIIpeH Ha cilydaii abcTpa-
THPOBAHUS OT CUCTEM IEPEX0JI0B aBTOMATOB. DTO MO3BOJIMIIO pa3padborars 006001IeH-
HyI0 Mozensb GyHkinnonupoBanus MBC, abctparupoBannyio oT cTpykrypsl MBC u
rcnonb3yeMbix B MBC anroputMmoB ruraHupoBaHus. Pa3paboTran MeTon, KOHKPETH-

3upyrommid 0000meHHy0 Mozens Ha ciaydait MBC ¢ 3ananHoi koHdurypauunei un
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MO3BOJISIONINNA IPU MOMOIIY MOTYYEHHONH MOJIENN NMPOBEPUTH BHINOIHEHUE OIPaHH-
YCHUH peaabHOro BpeMeHH st 3Toi kKoH(urypanuu MBC. [IpemioxkeH u yCrenHo
MIPUMEHEH IMOJIXO/T K I0Ka3aTeNIbCTBY KOPPEKTHOCTH 0000MIEHHON MOIEH (PyHKITHO-
HupoBaHuss MBC. Pe3ynsrarel qaHHOW paObOTHI MOTYT OBITH MPUMEHECHEI B KAYECTBE
0a3bl JUIsl HOCTPOEHHS U TIPOBEPKU KOPPEKTHOCTU MOjieliel (DYHKIIMOHUPOBAHUS BbI-
YHUCIUTENBHBIX CUCTEM JPYIUX KJIACCOB (HAIPUMEp, COUETAIOMNX (peaepaTuBHyIO 1
MOJYJIBHYIO apXUTEKTYPY).

IIpakTnyeckasi HeHHOCTb PabOTHI OOYCIIOBIEHA TEM, YTO pa3zpaboTaHa HH-
CTPYMEHTAJIbHAsk CMCTEMA C OTKPBITHIM HCXOHBIM KOJIOM®, TI03BOJISIONIAs TI0TydaTh
B/ ¢pyuxmmonuposanust MBC ¢ 3a1aHHO KOH(HUTYpanyei 1 MpoBEpsITh BHITOTHCHIE
OrpaHWYEHHH peanbHOro BpeMeHH st 3Toi koHpurypanun MBC. MHcTpymeHTasb-
Hasi CHCTeMa MOXKET OBITh HCTIOJIb30BaHA KaK COBMECTHO C CHCTEeMaMH aBTOMATH3HPO-
BaHHOTO TpoekTupoBanust MBC, Tak 1 caMOCTOSTETHHO.

MeTtoas! uccienoBanus. [lpy momyueHNH OCHOBHBIX Pe3y/ibTaTOB JHCCEpTa-
IIM MCTIONB30BAIICh METOBI TEOPUH aBTOMATOB, (hOPMANBEHOH BepH(UKannu Moje-
neit (Model Checking), MaTeMaTH4ecKol CTATHCTHKH.

IMono:xxeHusi, BBIHOCHMbIE Ha 3aLUTY. B pabore moxydens! ciexyromue pe-
3yJIBTaThl, BBIHOCUMBbIE HA 3aIUTY:

1. [lpemioxxeHo pacuiMpeHUEe MAaTEMaTHYECKOro ammapara ceTeid BpeMEeHHBIX
aBTOMATOB C OCTAHOBKOW TalfMEpOB Ha CiTydail abCTparupoBaHus OT CUCTEM
nepexoioB aBToMaroB. Ha oCHOBE 3TOro paciupeHHOro amnmnapara HocTpo-
eHa 00001IeHHast Mojelb pyHKIHOHIpoBaHust MBC, abcTparupoBanHas ot
ctpykrypsl MBC u ncnons3yemberx B MBC anroputMoB ITaHUPOBaHUS.

2. Jloxa3aHa KOPPEKTHOCTh 0000IIeHHOH Momenu pyHkiuorupoBanms MBC.
Pazpaboran MeTo/, KOHKPETU3UPYIOMNH 0000IEHHYIO0 MOJIENb Ha CITydai
MBC c 3aanHO KOH(GUTYpaLUel 1 TTO3BOJISIONIN ITPU TOMOIIN TTOTY4eH-
HOM MOJIEJIN IPOBEPUTH BHINTOJTHEHUE OTPAaHUICHUH PEaTbHOTO BPEMEHH IS
sToi KoHpurypaunu MBC.

3. Ha ocHOBe NpeiokeHHOro MeToja pa3pabdoTaHa MHCTPYMEHTAJIbHAsI CH-
CTeMa MPOBEPKH BBHITOTHEHUS OTPAaHWYCHUH PeabHOTO BPEMEHH UIs KOH-
¢urypammit MBC peanpHOT0O BpeMeHH. DKCIIEPIMEHTAIEHOE HCCICOBAHIEC
MIOATBEPANIIO IPUMEHUMOCTh pa3paboTaHHOTO METOA /ISl aHAIM3a KOH(DU-

Typauuii pa3MepHOCTH, COOTBETCTBYIOIIEH peansHeiM MBC.

Shttps://github.com/AlevtinaGlonina/MCSSim
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Anpodauus. Pe3ynbrarsl, IpecTaBIeHHbIe B padoTe, TOKJIa/IbIBAIICh Ha Ha-
YUHBIX ceMHHapax Kadeapsl ABTOMaTH3aIMN CHCTEM BBIYUCINTEIBHBIX KOMIUICKCOB
¢daxynerera BMK MI'Y nox pykoBoactBom ui.-kopp. PAH mpodeccopa P.JI. Cme-

JITHCKOI'0, a TaK)XXC Ha 8 KOH(I)CpCHIII/IHXZ

MexayHapoaHoit koH(pepeHH «JlomoHOCOB 2015%;
Bcepoccwuiickoii koHpepeHimu «JlomorocoBckue ureHus 2016»;
MexnynapoaHoi koHpepenun «ORM 2016»;

Bcepoccwuiickoit konpepennnn «JlomonocoBckue arenust 2017»;

Mexaynaponroit koudepentn «PACT 2017»;

S T e

MexayHaponHnoit koHpepeHuuu «CynepKOMITBIOTEpHbIE JHU B Poccuu
2017»;
7. Bceepoccuiickoii koH(pepeHun «JlomonocoBckue uTeHus 2018y

8. Bcepoccuiickoit koHMepenmn « TuxonoBckue areHus 2019».

JloCTOBEPHOCTh TIPECTABICHHBIX PE3YIbTaTOB O0ECHEUNBAECTCS MaTeMaTH-
YECKHMH JI0Ka3aTeJIbCTBAMH KOPPEKTHOCTH (opMupyembIx monenei. Taroke s
BCEX IPOAHAIM3UPOBAHHBIX B SKCIEPUMEHTAILHOM HCCIEIOBAHUHM KOHQUTYpAIHi
MBC BpeMeHHbIe AUarpaMMBbl, MOTyYEeHHBIE ¢ TIOMOIIBIO ITUX MOETeH, COBIAIHN C
BPEMEHHBIMH JHarpaMMaMH, ITOIYYCHHBIMHU ¢ TIOMOIIBI0 BcTpoeHHOU B CATIP «Ilma-

HUPOBILHUK NMA»° momenu.

Hy6auxanuu. OCHOBHBIE Pe3yIbTaTHI 110 TEME AUCCEPTAIH M3IOKEeHEBI B 14
MeYaTHBIX M3aaHusX [1-5,7—15]. 5 myOomukanuii [ 1-5] u3maHbl B )KypHAIaX, PEKOMEH-
noBauHbIX BAK, 3 u3 Hux [1-3] u3nansl B )KypHanax, HHICKCUpyeMbIx Scopus / Web
of Science / RSCI. HcTpyMeHTabHAS CHCTEMA TPOBEPKH BBIMOIHEHHS OTPaHUYCHHIA
peanpHOTO BpeMeHH s koHpuryparmii MBC Oblta 3aperncTpupoBaHa B yCTaHOB-
JIGHHOM 3aKOHOJIaTeJIbCTBOM MOpsAKE [6].

JInuHblii BKJIAJ aBTOpa. Bee npencrapieHHble B JUCCEPTALUU PE3YJIbTaThI 10-
JIy4EHBI JINYHO aBTOPOM.

Bxutag coaBTopoB myOnuKamii 3akiodaeTcs B caenyronieM. B padore [2] Bkian
banamosa B.B. 3akimouaercst B NMOCTAHOBKE 3a/adyl 0OOCHOBAHUSI KOPPEKTHOCTH
paspaboTaHHBIX Mojieel U oOmielt penakrype tekcra. B padorax [1,12] Baxmypo-

By A.I. mpuHauiexuT cxema (hopManbHOro npezacrasienus kondurypaunn MBC. B

6CrcTeMa aBTOMATH3MPOBAHHOTO NPOSKTHPOBAHHs «[[TAHUPOBIIHK 3a/[a4 MHTETPHPOBAHHO MOJLYITh-
HOW aBHOHUKHM 00EBBIX KoMIuiekcoBy / banaxanos B. A. u ap. ®UIIC. CB. o per. nporpammsl a1t 9BM
Ne2017611547 ot 06.02.2017. IIpaBoobnagarens — ITAO «Kommanus «Cyxoib».
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pabore [9] Bxiax banamosa B.B. 3akmouaeTcs B onucaHUM apXUTEKTypbl HHTEIPH-
POBaHHBIX MOAYJIBHBIX BBIYHCIHUTEIBHBIX cucteM, baxmyposa A.I. — B pemakrype
paszena, HOCBSIIEHHOTO MOJCTNPOBAHUIO (PyHKIIMOHUPOBAHUS BBIYUCIUTEILHBIX MO-
nyneit. B pabore [14] BamamoBy B.B mpunamne:xxut omucanue cTpykrypel UYC
pearbHOTO BPEeMEHH ¢ apXuTekTypoit IMA.

Crpykrypa padoTbl. [luccepranust COCTOMT W3 BBEACHHS, IATH IVIAB, 3a-
KJIFOYEHHs U YeThIpex npuiiokeHui. [TomHbIil 00beM nuccepranuu cocrasisier 245
ctpanuipl (127 crpaHull He cuuTas MPUIOKEHUIT), BKIItoYast 62 pucyHKa U 8 Tabuui.

Crcok nutepatypsl copepxut 140 HanMeHOBaHUIA.

Conep:xanue padoTbl

Bo BBeeHMH TaHO KPaTKOE OMMCAHME 33a4d JHCCEPTALMOHHON paboThl, ee
AKTyaJIbHOCTH, U IPUBE/IEHA KpaTKasi HICTOPHsI KCCIEJOBAaHUI 110 JaHHOU TeMe. Taxoke
BO BBEJICHUM apryMEHTHPOBaHA Hay4YHas HOBU3HA HUCCIIEOBAHUHN, IIOKa3aHa MPaKTH-
YyecKasi IIEHHOCTh MOMyYSHHBIX Pe3yJIbTaTOB, IPEICTABICHB BHIHOCHMBIC Ha 3aIIUTY
Hay4dHbIE IOJIOXKEHUS. B KkadecTBe Moaxofa K peIICHUIO 33Ja4d MPOBEPKU BBIIOJ-
HEeHUsl OrpaHuueHnii peanbHOoro Bpemenu juit MBC ¢ 3amanHoil koHurypammen
BbIOpaHo nocrpoenue u ananus BJI pynkunonuposaunus stoii MBC. Takas B/l moxer
OBITH MOTyUYEHA MOCPEACTBOM ITPOTOHA UMHUTALIMOHHON MOzieNN (hyHKIMOHUPOBAHUS
MBC.

IlepBas rnaBa cogep>KUT MOCTAHOBKY 3a/1aui MPOBEPKH BBITOJHEHUS OTPaHU-
4yeHnH peanbHOTO BpeMenn aiusi MBC.

B paszoene 1.1 onucana opranuzamus MBC u npusenens! npumepst MBC. B
pazdene 1.2 IpuBeieHO coziepkaTeIbHoe onpeseienue konpurypaunun MBC u Bee-
JIEHBI OTPAHUYEHHSI PEATTBHOTO BpeMeHU. B paszodene 1.3 poBeaeH 0030p U BHITIOIHEH
aHaJIM3 3371a4, BO3HUKAIONIMX NpU npoekTupoBannn MBC u TpeOyromux npoBepkn
BBITIOJIHEHHMS OTPaHUYCHNHN peasibHOro BpeMeHH s koHurypamuii MBC. Ha ocno-
BE 3TOT0 aHa3a c(HOPMYIIMPOBAHBI CIEAYIOIINE TPEOOBAHUS K HHCTPYMEHTAIbHBIM
CpeJIcTBaM MMHUTAIMOHHOTO MojenupoBanus MBC:

1. BosmoxkHocTs nosydennst B/, BKIro9aromumx coOBITHS TOCTAHOBKH Ha BbI-
MIOJIHEHUE, BHITECHEHUS U 3aBepIICHHs paloT.

2. MareMaTH4ecKuii anmapar B OCHOBE CPE/ICTBA JOJIKEH ITO3BOJISATh OTIUCHIBATH
Te acneKThl PyHKIroHnpoBanust MBC, KOoTOpbIe CyIIeCTBEHHBI TSI TPOBEPKH BHITIONI-

HCHUA OFpaHI/I‘IeHI/Iﬁ PCaJIbHOI0O BPpEMCHHU. B YaCTHOCTH, HGOGXOL[I/IMa BO3MOKXHOCTbH
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OIMCAHUs AJITOPUTMOB IUIAHUPOBAHUSI C BHITECHEHHEM, 3aBHCUMOCTEH 110 JIaHHBIM
Mexay 3anadamu, MBC ¢ pa3iuyHbIMU aaropuTMaMH IUIAHUPOBAHUS B Pa3IMUHBIX
pazaenax, MBC ¢ HECKOJIBKMMH TUNAMHU BBIYUCIUTENBHBIX SAEP, Pa3INYarOIIUXCs
MIPOU3BOUTEIILHOCTHIO.

3. Marematudeckuii anmapar B OCHOBE CPEICTBa JOJKECH NPEJOCTaBIATh BO3-
MOKHOCTh IIPOBEPKH KOPPEKTHOCTH MOJEJEeH MaTeMaTH4eCKUMH MeTonaMu. Takas
MIpoBEpKa HEOOXOMMa, TaK Kak Ha 3rtare npoekrnposanust MBC HeBO3MOXKHO 3Kc-
TIepUMEHTAJIBHO CPAaBHUTH ITOBE/ICHUE MOJIEIIH C TToBeeHueM peasbHoit MBC.

4. Tlonnepxka Oubmuorekn mojenelr komnonentoB MBC. Pasznuansie MBC
CTPOATCS W3 CTAHAAPTH3MPOBAHHBIX KOMIIOHEHTOB, MO3TOMYy M Moxenn MBC 1me-
JIecO00pa3HO CTPOUTH U3 MOJENICH ATUX KOMIIOHCHTOB, 0Opa3ylolMX OHOIHOTEKY
MOZEIEH.

5. ABToMaru3aIys MOCTpoeHHs MoaeH kKoHkpetHoir MBC 1o 3aganHOMY OITH-
cannio koHdurypaunu MBC, a Takke aBTOMaTH3aIHs IPOTOHA MOJIEIIH.

6. BosmoxHOCTS BKITIOUeHHs B Mozienb MBC u B Oubnnoreky Mozesnel mosb-
30BaTENILCKUX Mojeleil kommonenToB MBC.

7. CKOpOCTh MOCTPOCHUSI M MPOTrOHA MOJIEIIH, a TaKKe aHallu3a Pe3yJIbTaToB
MOJICTTUPOBAHUS JOJDKHA MTO3BOJIATE PadoTaTh ¢ KOHGUTYpPAIMSIMUA Pa3MEPHOCTH, CO-
OTBETCTBYIOIIEH PEabHBIM CHCTEMAaM, C YIE€TOM YHCJIa KOH(DUTYPALUii, OLIEHUBAEMBIX
TIPY IPOEKTHPOBAHUH (3TO YUCIIO MOXKET JIOCTHTaTh HECKOIBKUX COTEH U Ooliee mpu
paboTe ONTHMH3ALMOHHBIX aJITOPUTMOB).

00630p UMEIOMUXCS B OTKPBITOM JAOCTyIE cpeacTB MoaenupoBanus MBC, Tak-
K€ TIPUBEACHHBIM B paszene 1.3, mokasai, 4To HM OJHO M3 HUX B IIOJIHOM Mepe He
YIOBIETBOPSIET ChOPMYIHPOBAHHBIM TPEOOBAHUSM, a UX JOpaObOTKa Oojee TpyI0eM-
Ka, 4eM CO3/1aHHE HOBOTO CPEACTBA.

B pasoene 1.4.1 npuseneno ¢opmanabHOE onpenerneHue koHpuryparmmu MBC,
OCHOBAHHOE Ha MOJIEIH, MPEUIOKEHHOH B paboTax P. JI. CMmensHcKkoro .

Kongueypayus MBC — sto xoprexx (HW, W L, Bind, Sched), tne:

— HW — Ha0op BBIUUCIHMTEIBHBIX sJIEp;

— WL = (Part, Msg) — onucauue paboueii Harpy3ku, rae Part — Hadbop

paznenoB, M sg — HaOOp cOOOIICHHI, COOTBETCTBYIOIINX 3aBUCUMOCTSIM TIO
JaHHBIM MEXKY 3a7a49aMH;

— Bind : Part — HW — npuBsizka pa3/einoB K sipam;

7Cmemstrckuii P. JI. Mozens (yHKIIHOHHPOBAHMS PACIPE/Ie/ICHHO BEIYHCINTETBHOI CHCTEMBI C Bpe-

meneM // IIporpammuposanne. — 2013. — Ne 5. — C. 22-34.
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— Sched — pacniucaHie OKOH Pa3/eiioB.

Habop Beramciurensubsix sinep HW mpencrasnsiercss B Buge HW =
{HW N, HW; = (type;,mod;), tne N — KonuuecTBo snep, type; — THUII
sqpa, OT KOTOPOTO 3aBHCHUT €ro MPOU3BOAUTEIBHOCTh, mMod; — HOMEpP BBIYHCIIHU-
TENILHOTO MOJIYJIS.

Habop pasnenos Part mpencrasnsercs B Buge Part = {Part;}M,,
Part; = (T;,a;), tne M — xonmuectBo pasmeios, 1; — Habop 3ama4 i-ro pas-
Jiena; a; — HOMEp alropuTMa B Habope TUHAMHYECKUX AITOPUTMOB ILIAHUPOBAHUS,
KOTOpBIE MOTYT MCIIOJIb30BAThCS IS IJIAHUPOBAHMS Pa0OT pas/esios.

T, = {Tij}f:il, rie K, — KOOMYEeCTBO 3a7ad B i-OM pasferie,
Tij = (prij, Cij, Pij, 0ij, dij) — aTpUOYTHI j-i 3a/1a4M 4-r0 pasaena: pr;; — yHHUKaIIb-
HEII B paMKax pas/iena IPUOPHTET; C;; = (c}j ) eees cﬁ‘ ) — UTMTEFHOCTH BBITOITHEHUSI
B xyameM ciaydae (WCET) Ha pa3sHBIX THIIAX BBIYMCIUTEIBHBIX A/EP; P;j — MEPUO;
0;j — CMEIICHHE OTHOCHUTEILHO Hayaua HepHOja, ONpEENsIollee JICBbe TPaHH-
bl IMPEKTHBHLIX UHTEPBAJIOB PalboT 3axauu; d;j, 05 < d;; < p;j — CMeElIEHUE
OTHOCHTEJIbHO Haualla MEepUOJa, OINPEACIISIONIee MPABble TPAHUIBI JTUPEKTUBHBIX

MHTepBaIoB pabot 3anaun. 7' = UM | T, — muoxkecTBo Beex 3anad B MBC.

H
j:]a

Habop coobmennii M sg npencrasisiercs B Buge Msg = {M sgj} rne H
— Konu4ecTBo coobmenuit; Msg; = (S;, Rj,dm;, dn;) — aTpubyTsl j-ro coobue-
Hus: S € T — 3ana4a-oTIpaBUTEH; R; € T — 3anaga-momydaress; dm; ndn; —
JUTATENTEHOCTH TIepeiadr COOOIICHNUS Yepe3 MaMsITh MOAYISA H CETh COOTBETCTBEHHO.

Pacnimicanne OKOH BBIIOJHEHHS pAa3[elioB 33/JaeTCsl Ha HMHTEPBaje IUIAHH-
pOBaHUS C 3aaHHOM JUIMTENBHOCTHIO L WM TOpeNCcTaBisioTcs B Bujpe Sched =
{{(start;;, stopij>};yjl}£\i1, rie N;Y — KOIMYECTBO OKOH IS i-TO pasjela,
start;;, stop;; € 0,L, start;; < stop;; — BpPEME€Ha Hadajla ¥ 3aBEPIUCHHUS J-TO
OKHa -0 pazaena. OKHa Pa3TUYHBIX Pa3/leioB, MPUBI3AaHHBIX K OJHOMY BBIYHCIIH-
TENBHOMY SpY, HE MEPeCeKaroTCsl.

B nmamnoOi#t paboTe mpenmornaraercs, 4TO BpeMs AWCKPETHO: BCE BpEMEHA U
JUTATEIIFHOCTH, SIBIISIOIINECS aTpHOyTaMH SIICMEHTOB KOH(MUTYpAIlNH, 3aaroTcs B
KBaHTaX BpeMcHHU. Ha mpakTHKe KBAaHT BPEMECHU MOXKHO BBHIOpPATh PaBHBIM HaWOOJb-
IeMy 00LIeMy JEITUTEITI0 TAKTOB IPOLECCOPOB, JTMO0 NPOCTO YCTAHOBUTH JOCTATOUHO
MaJbIM (HanpuMep, paBHBIM | MKC) U OKPYIJIUTH BCE JITUTEIHHOCTH BBEPX 10 IIEJIOTO
Yyclia KBAHTOB BPEMCHHU.

B pasoene 1.4.2 npuseneno onpexnencaue B/ dpynkunonnpoBarns MBC c 3a-
JTAHHOM KOH(HUTYpanuei.
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ITycts nana Hexkotopas koHburyparms MBC. [lns kaxnoit 3anaun 1;; Ha UHTEp-
L VE/Pi
BaJle TUIAHUPOBAHMS JUIMTENbHOCTH L onpenesnen Habop pador Wi = {wijr}rl;" .
JMpeKTUBHBIA HHTEPBAN PAbOTHI w;jk, paBeH [(k — 1) - pi; + 0455 (K — 1) - pij + dijl.
Cobvimuem ¢ MBC nasbiBaetcst koprex ¢ = (EType, Sre, t), the:
— EType € {EX,PR,FIN} — Tin COOBITHS: IOCTAaHOBKA pabOThI Ha BbI-
notaenue (F X); BeiTecHeHne padoThl ¢ sapa (P R); 3aBepiieHne padoThl, B
T.9. TIO IPUYMHE OKOHYAHHS e¢ TUPEKTUBHOTO nHTEepBana (FIN);

— Src € UU W;; — paboTa-uCTOUHUK COOBITHS;
iJ

— t € 0,L — Bpems coObITHS.
E ={EX,PR,FIN}xUUW;;x0,L — MHOXeCTBO BCEBO3MOXKHBIX COOBITHIA
7
IIPY BBIITOJHEHHUH 33aHHOM pa60jqel71 HarpysKH.

[Tycts CON F — MHOXECTBO BCEBO3MOXKHBIX KOH(UTYPALHH.

Ha mpaxtuke npu npoextupoBannu MBC mpenamnosnaraior, 4To BpeMs BBITION-
HEHUS KaKTO0H paboThl Ha COOTBETCTBYIOIIEM siipe (PMKCHPOBAHO M PAaBHO MAaKCH-
MaJIbHOMY BO3MOYKHOMY, BPEMsI ITepe/iady KaXkJJ0ro COOOIIEHHMs TaKkKe (PUKCHPOBAHO
U paBHO MaKCHMaJbHOMY BO3MOXKHOMY, @ BCE€ HCIIOJIb3yEMbIE aJrOPUTMBI TLIAHUPO-
BaHMS JIETEPMUHMUPOBAHBI M PE3YNBTATHI X PAOOTHI HE 3aBUCIT OT (DaKTOpOB, HE
omHcaHHBIX B KoHpuryparmu MBC.

B chopmynrpoBaHHBIX MPEANOIOKEHUIX HAOOP aTOPUTMOB [UIAaHUPOBaHus A
00no3nauno onpenenser orobpaxenue Q : CONF — 2F,

Bpemennas ouacpamma mis koudurypanuu con f € CON F — NOIMHOKECTBO
MHOXecTBa F, 0IHO3HAUHO COOTBETCTBYIOMIEE con f, U SBISIONIEECs PE3yIbTaTOM HH-
teprnperauun A Ha conf.

ITycts conf € CONF — Hekortopast KoHHUrypamust cucteMsl, a Q(conf) —
BJI, cootsercTByromas con f. MHTepBanaMu BHIMOTHEHHS PaOOTHI W, CUATAIOTCS
HHTEPBAIIbI MEXIY COOBITHAMU (w;jk, EX, t1) u (w;ji, PR, t2) 1 MHTCPBAIbl MEXK-
xy cobbrtuamu (w;jk, EX, t1) u (w;j,, FIN,ts). VIHTepBanbl yKa3aHHOIO BHAA HE
JOJDKHBI COJIepIKaTh BHYTPH ce0st Apyrux coowsrtuii ThmoB X, PR, FIN c¢ ucrou-
HUKOM W;j.

B pasoene 1.4.3 BBeneH kpurepuii C'R BBIITOJIHEHHST OTPaHUYCHUH pealbHOTO
BPEMEHH: JIJIsI KaXKJ0i paboThl CyMMapHasi IJIUTEIbHOCT €€ HHTEPBAJIOB BBITOIHEHHS
paBHAa MaKCUMAaJIbHON JIUTEIBHOCTH €€ BBIMOIHEHUS Ha siAPE, K KOTOPOMY IPUBSI3aH
COOTBETCTBYIOIMH pasaen. Eciam kputepuii BBIONHSAETCS, TO padoTa 3aBepIInIach

mrarHo. Muaue pa60Ta ObL1a MPUHYAUTCIIBHO CHATA C sJpa MO0 JOCTUKCHUIO npaBoﬁ
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TPaHULIbI €e JUPEKTUBHOIO MHTEPBala U CUUTAETCS OMO3AaBIIEH, TO €CTh OrpaHUYe-
HUS pealbHOTO BPEMEHU HapYyIIEHBI.

B pasoene 1.4.4 npuBenena ¢popManbHas MOCTAHOBKA 3aa9X MIPOBEPKH BBITTON-
HEHUS OTpaHMUYCHUI PeaJbHOr0 BPEMEHH JJIsl HEKOTOpoit koHurypan MBC:

Hano: xoudurypauus MBC conf € CONF.

Tpebyercst: Onpenenith, BIIONHACTCS 1 Kputepuid C'R Ha KOH(QUrypauuu
conf.

CornacHo BEIOpaHHOMY B paboTe METOY PEIICHHS ATOH 3a4a9H, [T TIPOBEPKHU
kpurepust C R(con f) tpebyercst noctpouts BJ Q(con f) dynkuuonuposanus MBC
¢ 3aanHoi Konpurypauueit. BIl Q(con f) MOxeT ObITh HOCTPOEHA TOCPEICTBOM IIPO-
roHa UMHUTAaNUOHHOW Mojenu MBC st 3anaHHON KoHpUrypanuu con f.

Bo BTOpoii rmaBe mpemokeHa 0000IICHHAS MOAENTs (YHKIHOHUPOBAHUS
MBC.

B paszoene 2.1 chopmynupoBaHbl TpeOOBaHUS K MaTeMaTHUECKOMY ammapary
JUTA TIOCTPOCHUS MOJIENH, CIeMYIoNie U3 TpeOoBaHMi pasnmena 1.3 K cpeacTBy Mo-
nenupoBanust MBC. BrimonHeH aHamu3 clIeAyIOIIMX MaTeMaTHYECKHUX alllaparoB:
CeTH BPEMEHHBIX aBTOMATOB, CETH BPEMEHHBIX aBTOMATOB C OCTAHOBKOH TailMepoB,
BpeMmeHHbIe ceTn [leTpu, BpemenHsle ceT IleTpu ¢ ocTaHOBKOH TaliMepoB, anred-
pa IpoIeccoB ¢ BpeMeHeM, Mojielb ¢ coodmeHusMu (MC-monens). [To pesynsraram
MPOBEICHHOTO aHaIM3a JJIsl HOCTPOCHHs 0000IIEHHOW MO/IenH (YHKIMOHUPOBAHUS
MBC BbIGpaHbI CETH BPEMEHHBIX aBTOMATOB C OCTAHOBKOH TaiiMepos® kak mMarema-
THYECKUH ammapar, B HauOOJbIICH CTENIEHU YIOBICTBOPSIONIMIA TIEPEUNCICHHBIM B
pasmene 2.1 TpeboBaHUAM.

BpemMeHHOIi aBTOMAr ¢ 0OCTAHOBKOM TaiiMEepOB Mpe/CTaBIIsieT COO0H KOHEUHBIH
ABTOMAT C ILIEJIOYMCICHHBIMU TTIePEeMEHHBIMH U Taiimepamu. [lanee mis o6o3HadeHNS
BPEMEHHOTO aBTOMATa C OCTAHOBKOM TaMEPOB [UIsl KPAaTKOCTH MCIIOJIB3YETCsl TEPMHUH
«aBromary. TaliMep — 3TO celualbHas NepeMeHHasl, IPUHUMAIOIAsl BEIECTBEH-
Hble 3HaYeHus. TaiiMep MOXKeT ObITh aKTHBHBIM MJIM OCTAHOBJICHHBIM B 3aBHCUMOCTH
OT 3HA4YEHHs yCIOBHA ero akTUBHOCTH. COCTOSTHHEM aBTOMaTa Ha3bIBAETCS COBOKYII-
HOCTb €0 TEKyIIeH JIOKAINH, 3HAYCHUH TIEPEMEHHBIX U TaliMEpOB.

CeTb aBTOMATOB IpEACTABISIET OO0 HAabOp aBTOMATOB, (DYHKIIMOHUPYIOLINX
coBMecTHO. COCTOSIHUE CEeTH aBTOMATOB OIIPE/ENAETCS COBOKYITHOCTBIO COCTOSHUN

€e aBTOMAaToB. ABTOMATHI B COCTaBE CETH aBTOMATOB BSaI/IMOZ[eI\/’ICTByIOT MnoCpeaACTBOM

8Cassez F., Larsen K. The Impressive Power of Stopwatches // CONCUR 2000 — Concurrency Theory.
— Berlin, Heidelberg : Springer, 2000. — P. 138-152.
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OOIIMX TIEPEMEHHBIX M CHHXPOHHU3AIMHN 10 KaHaIaM. Eciiu [17Isi HEKOTOPOT'O COCTOSIHUS
CETU aBTOMAaroB B OJHOM U3 aBTOMAaTOB aKTUBEH IEPEXO[, [IOMEUEHHBIN OTIIPaBKON
CHTHaja I0 Ka”ally, & B JPyrOM aBTOMAare CETH — IPUEMOM CUTHAJIA TI0 TOMY XKeE
KaHaIy, To 00a Iepexoa BHIMOIHSIIOTCS Kak enuHoe neiicTBrue. COCTOSIHUE CETH aBTO-
MaTOB OIIPEIEIISETCS. COBOKYITHOCTBEO COCTOSIHUM €€ aBTOMAaTOB. Buiuucienuem cemu
aemomamog SBIAETCS BCAKas BO3MOXKHAs KOHEYHAS M OCCKOHEWHAs ITOCIIeI0Ba-

TEIBHOCTh €€ COCTOSHHI.

B pazoene 2.2 npuseneHo hopmaabHOE OMKUCAHUE CETCH BPEMEHHBIX aBTOMATOB

C OCTaHOBKOW TalMEpOB.

Pazoen 2.3 conepXUT OIMCcaHHE BBIIOJHEHHOTO B pa0oOTe paclIMpeHUsl Ma-
TEMaTUYECKOI0 amnapara CeTeil BPEMEHHBIX aBTOMATOB C OCTAHOBKOW TaliMEpOB.
Jns mocTpoeHns mpemaraeMoil 00o0meHHo# Monenu ¢yHKIFoHupoBaHus MBC,
abcrparupoBaHHOH oT cTpykTypsl MBC 1 ncnonb3yembrx B MBC anroputMoB IiaHu-
POBaHMs, U JIOKA3aTeJILCTBA KOPPEKTHOCTH ITOM MOJIENIM aBTOPOM pa3padOTaH HOBBIH
YPOBEHb a0CTPAKILIUK CETeH BPEMEHHbBIX aBTOMATOB C OCTAHOBKOW TaiiMepoB — 0006-
WeHHble Cemu BPeMEeHHbIX aBmMoMAamos ¢ 0OCMAaHoGKol maiimepos. Jlanee IpUBEACH
psiz onpeeNieHni, HeOOXOMMMBIX JUTS BBEJICHUS OTpe/ieIeHUs] 0000IECHHON CEeTH aB-

TOMATOB | TS OTUCaHusI 0000IeHHON Mozenu (GyHkirmoruposanus MBC.

Mooenvnoe epems cemu agmomamoé — 3HAYEHHE HEKOTOPOTO CITy:KEOHOTO
TaiiMepa, ycIOBHE aKTHBHOCTH KOTOPOTO BCEI/Ia HCTHHHO M KOTOPBI HUKOrIa He 00-

HYJS€eTCs.

Cobvimue cunxponusayuu asmomamog — 310 Tpoiika ¢ = (CH, A®, t), co-
OTBETCTBYIOIASI CONEPIKAIIEMY CHHXPOHHU3AIMIO MEPEXOy B CETH aBTOMATOB, TJIE
CH — xanan cuaxponunsannu, A® C A — HaGop aBTOMATOB, yYaCTBYIOIINX B CHH-
XPOHH3ALUH, ¢ — MOJCIBHOE BPEMsI CETH aBTOMATOB. J[Ba COOBITHSI CHHXPOHHU3AI[HH
e; = (CH;, A}, t;)ne; = <CHj,A3’7,tj> cosnaoarom, ecma CH; = CHj, A7 = Aj
u ti = tj.

Bpemennas ouazpamma cemu agmomamog — HaOOP COOBITHI CHHXPOHHU3ALHH,
COOTBETCTBYIOIINI HEKOTOPOMY BBIYUCICHHIO 3TOW ceTH. UTOOBI 10 3aJaHHOMY BBI-
YHCIICHHUIO CETH aBTOMATOB MOIy4nTh B/l ceTn aBToMaToB, HEOOXOAMMO BHIOPAThH U3
9TOTO BBIYMCIICHUS BCE TIEPEXObI, COAEPIKAINE CUHXPOHNU3AIMHU, U KaXKOMY Iepe-
XOJIy TIOCTaBUTh B COOTBETCTBHE COOBITHE CHHXpOoHM3anuu. JIe B/l cern aBTromaToB
9KBUBAIEHNIHbL, €CITH MEXKITy UX COOBITHSIMHA MOYKHO YCTaHOBHUTH B3aUMHO OJHO3HAY-

HO€ COOTBETCTBUEC, TPUYEM COOTBETCTBYIOLINUEC APYT APYTY COOBITHS COBIIAJAOT.
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Habop nepeMeHHbIX U ASHCTBUHI CHHXPOHU3AIMHU, TOCPECTBOM KOTOPBIX HEKO-
TOPBIN aBTOMAT B3aUMOJECHCTBYET C JPYTMMH aBTOMAaTaMH CETH, Ha3bIBACTCSI UHmMep-
eticom amozo agmomama.

ITapameTpn30BaHHBIN aBTOMAaT — 3TO aBTOMAT, B BBIPAKCHUSIX KOTOPOTO Ha-
psily C YMCIaMHU U TIEPEMEHHBIMH HCIIONB3YIOTCS II€JIOYHCICHHbBIE TapaMeTphl. JK-
3eMIUISIp aBTOMATa MOPOXKIAEeTCs 0 MapaMeTPU30BaHHOMY aBTOMATy IyTeM 3aJaHus
KOHCTAHTHBIX YHCJIOBBIX 3HAYCHHUII JJIs1 TapaMeTPOB 3TOTO MapaMeTPU30BAHHOTO aB-
TOMAaTa.

B nomnonHenne K N3BECTHBHIM HOHATHSM aBTOMAaTa 0e3 mapaMeTpoB, Ha3bIBAEMO-
TO B JaHHOH paboTe 3K3eMIUIIPOM aBTOMATa, ¥ ITapaMeTPU30BAHHOTO aBTOMAaTa ObLIO
BBEJICHO IMOHATHE 0a30BOTO THUIIA aBTOMATOB. ba306blil mun agmomamos ONpenes-
eTcsl TOJBKO MHTEP(ENcoM, JIOKAIMK U TEPEeXO/bl Ul HEro He onpesesieHbl. Takum
00pa3oM peanusyercsi abCTparupoBaHUE OT CHUCTEM IIEPEXOI0B ABTOMATOB.

[TapameTpu3oBaHHBIN aBTOMAT peanuzyem 0a30BBIA THUI aBTOMATOB, €CIIU HH-
Tepdeiic mapaMeTpU30BaHHOTO aBTOMAaTa COIEPXKUT BCE MEPEMEHHBIE U JIEHCTBHSA
CHUHXpOHM3aLMK nHTEpdeiica 6a30BOro TUIA, a TAKIKE, BO3MOXKHO, JPYTHe TIEPEMEH-
HBIE ¥ JIEHCTBUS CUHXPOHU3AIUH.

BBeznennblie ypoBHM aOCTpaKkIMU aBTOMATOB COOTBETCTBYIOT B paMKax Ipejiia-
raeMoi CXeMbl MOJICITMPOBaHNs ypoBHIM abcTpakuny komronentoB MBC. bazoBomy
TUILy aBTOMAaTOB COOTBETCTBYET 0a30BBIM THUI KOMIOHEHTOB. ba3oBBII THII KOMITO-
HeHTa MBC ompenenser cepBuc, MPeIoCTaBIsIeMblii KOMIIOHEHTOM CHCTEMBI, HO HE
Joruky ero (yHKiuoHupoBaHus. IIpuMepoM 0a30BOTo THIIa KOMIOHEHTa SIBISET-
Csl TUIAHMPOBIIUK paboT paszzaena. IlapameTpu3oBaHHOMY aBTOMAaTy COOTBETCTBYET
KOHKPETHBIM THUI KOoMIOHeHTa. KoHkpeTHbId THN kKomroHeHTa MBC omnpenenser
JeTany peanu3anuy 0a3oBoro Tumna. I[IprMepoM KOHKPETHOTO THIA KOMIOHEHTA SIB-
JSIeTCsl TUIAaHUPOBIMK padoT pasjerna, paboTaroUMi MO aIropUTMY IUIAaHUPOBAHHS
¢ ¢uKcupoBaHHBIMU NpuopuTeTamu U BeiTecHeHueM (FPPS). Dx3emmusipy aBromara
COOTBETCTBYET IK3EMIUISP KOMIIOHEHTA CHCTEMBI.

HabGop 06a30BBIX THIIOB aBTOMAaTOB HA3BIBACTCS 000OW/EHHOU cemblo A8mo-
mamog. HabGop mapaMeTpu30BaHHBIX aBTOMAaTOB — NAPAMEMPUZ0BAHHOU CemblO
aemomamos, CeTh IK3EMILISIPOB aBTOMATOB — IK3EMNIAPOM CEMu d8IMOMamos.

B pasoene 2.4 nipemnoxeHo mpeacTaBIeHHEe 0000MCHHON Momenn (GpyHKIHO-
HupoBanusi MBC B Buae 00OOLIEHHOH ceTH aBTOMAaTOB C OCTAHOBKOHM TaliMepoB,
COCTOSIIIEH M3 CIEAYIONMX 0a30BbIX THIIOB aBTOMATOB:

1. ba3oBslit TuI aBTOMaToB T, MOJETHPYIOINH (YHKIMOHAIBHYIO 3a/1a4y.
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2. bazoBeblil TN aBTOMaTOB T'S, MOJICTUPYIOIIMHI MIIAHUPOBIIMK paboT pazaena.

3. bazoBblil THI aBTOMaTOB CS, MOAEIUPYIOIINNA IIIAHUPOBILHUK sIIpa.

4. ba3oBBIii THIT aBTOMaTOB L, MOZIENHPYIOMINI BUPTyanbHbIH KaHat. [lox Bup-
TyaJbHBIM KaHAJIOM TTOHUMAETCS CPENICTBO TIepeadil COOOICHUH B 00IIEM CiIyJae.

Jl1st Kaskaoro 6a30BOr0 THIA aBTOMAara B OOOOIICHHOW MOJCIH OMKMCAaH €ro
uaTepdeiic. Tak, HapuMep, aBTOMAThl 6a30Boro TUMa CS OTMPABISAIOT CUTHAIIBI IO
KaHanaM wakeup, U sleep,, Ta€ i-i KaHAIl COOTBETCTBYET ¢-My pa3ely.

CpenctBa B3aMMOJACHCTBUS, ONMPEICICHHBIC I OMMMCAHHBIX 0a30BBIX THUIIOB
aBTOMATOB, IMOKa3aHbl Ha pucyHKe |. CHHXpOHHM3AIMH IO KaHAlIaM O0O03HAYCHBI
CTpeJIKaMU; HalpaBlIeHUE CTPEJIKU COOTBETCTBYET HAlpaBJICHUIO MEPeJayu cUrHaa
— OT OTIpaBUTENS K Moay4atelto. [lepeMeHHbIe HHTEpdeiica 0003HAUCHBI TyHKTHP-
HBIMH JIMHHUSIMH; TTOMETKA «1» Ha KOHIIE TaKOW JIMHUM 0003HAYaeT, uTo MepeMeHHas

AOCTYIIHA aBTOMAaTy Ha YTECHUE, KW» — Ha 3aIlllCh, «I/W» — Ha YTEHHE U 3aIIUCh.

cs,

)

Wakeupj
>

sleepj
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»

»
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<
<%

ready.
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< r/w|
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Puc. 1 — CpencrBa B3anMOIEHCTBUS, ONIPEeIIEHHBIE U 0a30BBIX THIIOB aBTOMATOB
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B 00001IeHHOI Monenu GpyHKIroHnpoBanmst MBC

B pazodene 2.5 npenioxxeH MeTOA KOHKpETH3aUU 0000IMEeHHON Monienn (hyHK-
nuonupoBanus MBC Ha cirygait MBC ¢ 3aiaHHO# KOHpUTyparmei.

[TapameTpuzoBaHHasi CETh aBTOMATOB, peaM3yIOIas BBEICHHYIO BhIIIE 0000-
IICHHYIO CETh aBTOMATOB, SIBISETCS IapaMETPH30BAHHON MOMACTBIO (YHKITHOHH-
poBanuss MBC. YucnoBble 3HAYCHHS MapaMETPOB 3aal0T BBEIOOP COCTABIISFOIIUX
koH(purypauun MBC u XapaKkTepUCTUKUA 3THUX COCTABISIOMIAX. MOJEIb COJACPIKUT
CIEyIOHNEe TTapaMeTPU30BaHHBIC aBTOMATHI: MOJIENHN 33/1a4H, ITAaHUPOBIIUKA SIpa,
BHPTYaJbHOTO KaHAJIa M HECKOIBKHX IIAHUPOBIIIUKOB PadoT, pabOTAOINX COTTacHO

Pa3JIMIHBIM aJITOPUTMaM IJIAHUPOBAHUA.
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Jnst mapaMeTpr30BaHHOM CETH aBTOMATOB M 3a/aHHOW KoH(uryparmu MBC
MOXKET OBITh MOCTPOEH 3K3EMIUILIP CETH aBTOMATOB, MOJCIMPYIOIIUH (yHKIHMOHH-
poBarne MBC c Taxoif koH(puUTyparmeid. I[locTpoeHrne IK3eMIIIsApa CETH aBTOMAaTOB
OCYILECTBIIIETCS COMNIACHO MPUBEAECHHOMY B pas3zeie 2.5 alroputMy: Co3IarTcs Ka-
HaJIbl ¥ TIEpEMEHHBIC AJIS B3aMMOJCICTBUS aBTOMATOB, JUI KaKJOTO KOMITIOHEHTa
MBC noposkmaeTcsi mapaMeTpH30BaHHBIM aBTOMAaT COOTBETCTBYIOIIETO THIIA, TTapa-
METphl aBTOMAara yCTaHABJIMBAIOTCSI B COOTBETCTBYIOIIME YHCIIOBBIC 3HAYCHUS W3
onucanusi KOHQUrypauuu (T.e. CO3AeTCsl SK3EMIUIIp aBTOMara), KaHajbl U Iepe-
MEHHbIe MHTep(elica aBToMara OTOXKIAECTBIIAIOTCS C CO3AHHBIMU MEPEMEHHBIMU U
KaHaJIaMH B COOTBETCTBHH CO CTPYKTYpoO# 0000menHo# Monenu. [lo mocTpoenuto,

Kax10# koHpurypammun MBC ofHO3HaYHO COOTBETCTBYET 3K3eMIULsip Moaean MBC.

B pasoene 2.6 npusenen anroput™ noctpoenns B/ pyaxmmornposanmst MBC
no BJ] coorBercTByromiell cern aBromaroB. M3uauansHo B/l dyHKunmonmpoBanms
MBC nycra. JIist Ka)KI0T0 COOBITHSI CHHXPOHH3ALIMK aBTOMATOB 110 OJJHOMY U3 KaHa-
OB exec;, preempt j;, finished;, j € 1, M, k € 1, K, Bxonsero B BJI cen
aBTOMaTOB, mopokaaercs coosrtue B MBC. [Ipu atom tin cobeitus (E X, PR, FIN)
OIHO3HAYHO ONpEJeIIseTCs] KaHAIOM CHHXPOHM3AIMN; pab0Ta-NCTOYHUK COOBITHS —
ABTOMATOM-MOJIEJNIbI0 (DYHKIIMOHAJIBHOW 3a/ladM, YYacTBYIOIIMM B CHHXPOHHM3AIMU;
BpeMsi COOBITHS — BpeMeHeM cuHXpoHm3aru. ChopMUpOBAaHHOE TAKMM 00Pa30M CO-

opITHE TOMenTaercs B B/l dynkunonupoBanus MBC.

B pazoene 2.7 onucanbl pa3paboTaHHbBIE TApaMEeTPHU30BaHHBIE ABTOMATHI, ITPEJI-
CTaBJISIONINE COOO0 MOJIEIH IUTAHUPOBINUKA sI/Ipa, PyHKIIMOHATBHOM 33/1a491 U BUPTY-
AJIHOT'0 KaHaJlla, a TAK)Ke MOJISNIN TPEX 4acTo HCTob3yeMblx B MBC miiaHupoBIInKOB
paboT pazaena: ¢ UKCUPOBAHHBIMH ITPUOPUTETAMH U BHITECHEHUEM, C (DUKCHPOBAH-
HBIM IpUOpUTETaMH O3 BBITECHEHUs, MJIAHUPOBIIMK, PaOOTAIOUIMN [0 CTPATErHu

EDF c BBITEeCHEHHEM.

B pasoene 2.8 nns pa3paboTaHHON MapaMeTpH30BaHHON MOACTH (YHKIIHOHH-
poBannst MBC npuBezieHb! OIIEHKH CIIOKHOCTH IOCTPOSHHS M IIPOrOHA IK3EMIUISpa
MOJIEJIN B 3aBUCUMOCTH OT XapaKTEPUCTUK COOTBETCTBYoLIel KoHdurypaunun MBC.
Tak B 0003Ha4ueHUsX pa3nena 1.4.1 CI0KHOCTH MOCTPOSHUS K3EMITIIPA MOJCITH HME-
er acuMnToTHyeckyto onenky O(H + ?il K+ ﬁ1 N}¥), a CIOXHOCTb POrOHa
—O(L - (H + X%, Ki)*).

TpeTtss r1aBa nocasmeHa 000CHOBAHUIO KOPPEKTHOCTH 0000IIEHHONW MOJETH

¢ynxmonnposanus MBC.
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B pasoene 3.1 BBeneHo noHsATHE KOppeKkTHOCTH Mozieseii MBC u onucaH o0muii
MOJIX0T K 000CHOBAaHUIO KOPPEKTHOCTH (POPMHUPYEMBIX MONIEICH.

W3 cranmaproB Ha MBC ¢ apxutektypoit UMA u onucaHuii cxem IIaHUPO-
BaHU aBTOPOM OBLTH BEIIEIEHBI TpeOoBaHUs K (yHKIHoHHpoBaHnio MBC, mpume-
HuMmble Kk BJl Moneneil, To ecTb MpeacTaBUMbIe B BUJE OTPAHUYEHHUHM HaA MOPSIOK
MPOUCXOAAIIUX B MOACIIAX CO6I)ITI/H71 " Ha JUIMTCJIBHOCTH MHTCPBAJIOB MEXKY HUMU.
Kpowme Toro, 011 BBIZICNIEHBI TpUMeHUMBIe K Bl Mojeneit TpeGoBaHus JeTepMIHH-
POBaHHOCTH, COOTBETCTBYOITHE cTaHaapTaM Ha MBC u, kak mpaBuiio, y4uTEIBaEMbIC
Ha dtarne npoekrupoBanus. B/l mogenu MBC ¢ 3aganHOl KOH(pUTypanueil canTaeTcs
KOPPEKTHOH, ecnu A1 3Toil B/] BBIMOMHEHBI BCe BBICICHHBIE TpeboBanusa. Momens
MBC c 3aganHON KOH(PUTYpALIHeH (TO eCTh IK3eMIUIIP CETH aBTOMATOB) SBISCTCS de-
mepmMuHUpo8anHoil, eci BJl, mocTpoeHHBIE 0 BCEM BO3MOYKHBIM BBIYHCIICHUSIM 3TON
ceTH, 3KBUBaJICHTHBI. Mooens MBC ¢ 3ajaHHOM KOH(PUTYpaLUeii CYUUTACTCS KOPPEeKm-
HOU, €CTTM OHA SBJISIETCS AETEPMUHUPOBAHHON 1 BCe BO3MOXKHBIC ee BJl KOppeKTHBI.
JleTepMUHUPOBAaHHOCTH MOJIENH TI03BOJISICT UCIIONB30BATh JF000E BEIUMCICHHE CETH
aBTOMATOB I NMPOBEPKU BBIIIOJHEHUS] OTPAHUYEHHUI peasbHOrO BpEMEHH, B OTIIH-
4ue OT noaxoza GpopmMaabHON BepUPHUKAILIMN MOJIEIICH, TIPEIIOIAraroero aHaIN3 6Cex
BeruncieHui. Jlanee mox tpedoBanuem k momenu MBC B 1ienomM moHHMaeTcst Tpe-
6oBanme k ee B/I. ITon TpeboBanmem k Moxenu komroreHTa MBC — TpeboBanme K
TIOCJIEA0BATEIBHOCTSIM COOBITHI CHHXPOHU3ALNH, TIPOUCXO/SIIINX C YYaCTHEM ITOH
mozenu. Ilpu sTom B obmiem ciryuae TpeboBaHHE K HEKOTOPOIl MOAETH KOMIIOHEHTA
MBC 10mKHO BBITOTHSTHCS TIPH JIIOOOM TTOBEICHUN APYTHX MOJENEH, B3anMOICH-
CTBYIOIIHUX C 3TOH MOJIEIBIO.

O06o06menHas Mmonens GyHkuonupoBannst MBC cuuraercst koppexkmmotl, eciu
KOPPEKTHBI Bce MozieIn KOHKpeTHbIX MBC, popmupyembie Ha ee OCHOBE U3 KOPPEKT-
HBIX Mojenelt kommnonenToB MBC.

ABTOPOM TIPEUIOKEH CIEAYIOMNN MOAX0 K 000CHOBAaHHIO KOPPEKTHOCTH MO-
neneit MBC (9K3eMIUTIIpOB ceTeil aBToMaroB), (POPMHUPYEMBIX COTTIACHO TPEIOKEH-
HOMY B paszene 2.5 MeToay:

1. Ins xaxxmporo 6a30BOro THIIA aBTOMATa, BXOJSIIETO B COCTaB 00OOIIEHHOMN
MOACInu MBC, Ha OCHOBC NEPCUYUCICHHLIX BbLIIIEC MCTOYHUKOB BLIJACIIACTCA Ha6op
Tpe6OBaHHﬁ, KOTOPBIM JOJIPKHBI YIOBJICTBOPATH BCC MapaMETPHU30BaAHHBIC aBTOMATHI,
peanm3yrone TaHHBIH 0a30BBIH THII.

2. Jloka3wIBaeTCs, 9TO €CIH JJIS BCEX IapaMeTPH30BAHHBIX aBTOMATOB, BXO-

JSIIUX B COCTaB NapaMmeTpu3oBaHHOW Mozenu MBC, BBINMONHAIOTCS TpeOoBaHUS,
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c(hopMyITUPOBAHHBIC ISl COOTBETCTBYIOIIUX 0a30BBIX THIIOB aBTOMATOB, TO MapaMeT-
pu3oBanHas Mozens MBC ynoBrieTBOpsieT BceM BBIACICHHBIM TPEOOBaHUSAM KOPPEKT-
HOCTH K MOJICITH B IIEJIOM, a TaK)Ke SBISCTCS JICTCPMIHUPOBAHHOI.

3. [IpoBepsieTcst BRIIOHEHUE TPEOOBAHUIT K TapaMEeTPH30BAaHHBIM aBTOMATaM,
BXOJISININX B COCTaB napameTpusoanHoi Mmoaenu MBC. ITpoBepka BEIOTHEHUS STHX
TpeOOBaHUI MPOBOAUTCS aBTOMATHYECKHU C TIOMOIIBIO BEpH(pHUKaTOpA.

4. Ha ocHOBaHUM IL.II. 2 U 3 JenaeTcs BBIBOJ O KOPPEKTHOCTH ITapaMeTPU30BaH-
Hoit mogenu MBC.

YUT0o0B! IpH 100aBICHUH B MApaMETPU30BAHHYIO MOJIEh HOBOTO MapaMeTpu-
30BaHHOTO aBTOMaTa TIONyYeHHAas MapaMeTpHU30BaHHAs MOJENb ObUIa KOPPEKTHOM,
JIOCTaTOYHO YOCTUTHCs (C MCIIONB30BAHUEM BEPH(PHKATOPA), YTO BCE TPEeOOBAHWS,
c(hopMyITUPOBaHHBIC JJI1 COOTBETCTBYIOIIETO 0a30BOr0 THIIA ABTOMATA, JJisl JAHHOTO
aBTOMAaTa BBIMTOJHSIOTCS, TO €CTh BBITIOJHUTH NCHCTBUS 1.3 JUIsl T0OABISIEMOTO aBTO-
Mara. JleWicTBus 1.11. | ¥ 2 IPOU3BOAATCS] OMHOKPATHO M OBUIH BEHITIOITHEHBI aBTOPOM
JUTS TIPEIUIOKEHHOM 0000meHHo Monenn GyHkunonupoBanus MBC. [leiictBus m.3
OBLITM BBITIOTHEHBI JIJIS1 BCEX TTOCTPOCHHBIX aBTOPOM MapaMeTPU30BaHHBIX aBTOMATOB.

Taxoke OBLTO IPOBEPEHO BHITIONHEHHE Psifia TpeOOBaHUN KOPPEKTHOCTH, CIICIIU-
(DMYHBIX A7 OTHENBHBIX TIOCTPOCHHBIX TTapaMeTPH30BAaHHBIX aBTOMATOB.

C ucnonab30BaHUEM MPEIOKEHHOTO TOAX0AA U YTBEPXKIEHUH, JOKa3aHHBIX B
pasmenax 3.2—3.4, Oblia T0Ka3aHa KOPPEKTHOCTH 00O0OIIECHHON Mojaenu (pyHKIIHO-
Huposanuss MBC.

Pasoen 3.2 nocesmien Bepudukanmm Moaeneii komrmoreHToB MBC. Hcxons u3
BUIa TPESOOBAHHUI KOPPEKTHOCTHU K STHM MOJICIISIM, JUTS UX BEPUPUKAUU ObLT IOAXO]T
ABTOMATOB-HAONIONATE el , OMICAHHEIH 6 pazdene 3.2.1. ABTOMAT-HAGMIONATENb CO-
OTBETCTBYET OJHOMY TPEOOBAaHUIO KOPPEKTHOCTH M IIPEACTABIsIET COOOI aBTOMAT,
uMerIuil uHTepdeiic I B3aUMOICHCTBUS C HWCXOAHBIM aBTOMAaTOM H (YHK-
UOHUPYIONUA B KOMIIO3UIMM C HCXOJHBIM aBTOMAaTOM. ABTOMAaT-HAOIFOIATEIb
MMEET HEKOTOPYIO «IUIOXYIO» JIOKAIUIO, TaKyl0 YTO J00as He YIOBIETBOPSIONIAS
TpeOOBAaHUIO TITOCIIEOBATEIFHOCTE CHHXPOHU3AIMH TapaHTUPOBAHHO TPHUBOIMT
ABTOMAT-HAOIIONATENh B «IUIOXYIO» JIOKanuio. Takum oOpa3oM, IpOBEpKa BBITION-
HEeHUS TpeOOBAaHUS CBOIUTCS K MPOBEPKE HETOCTHHKUMOCTH ITOH JIOKAIUH.

HemocTmKIMOCTh «ITOXOH JOKAIMW» JOJDKHA OBITH JTOKa3aHa I BCEX 3HA-

yeHui mapameTpoB aBromaroB-mMoneneid MBC u3 nuanazonoB ux 3nauenuid. OnHako,

9André E. Observer Patterns for Real-Time Systems // Proceedings of the 2013 18th International
Conference on Engineering of Complex Computer Systems. — 2013. — P. 125-134.
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Ha MpaKTHKE TU AUANa30Hbl MOTYT OBITh OYEHb BEJIMKH, a TAKXKE UX T'PAHUIBI MOTYT
OBITH 3apaHee He N3BECTHBI. 113-3a 3TOT0 MpH Bepu(HUKAIIIH TPOCTPAHCTBO COCTOSTHUH
B 00IIEM CITydae HaCTOIBKO BEIMKO, YTO BBHITIOTHUTH BEpU(UKAIHIIO 32 IPUEMIIEMOE
BpeMsi HEBO3MOXKHO. [1o3ToMy OBIIIM BBIZEIECHBI KJIACCHI aBTOMArOB, JUIS KOTOPBIX
JIMara3oHbl MepedupaeMbix MpH Bepu(UKALUKM 3HAYCHUI MMapaMeTpOB MOXKHO Cy-
IIECTBEHHO COKPAaTUTh. 7 KakJOTo Kilacca aBTOMAToB OBUIH C(HOPMYITHPOBAHBI U
JIOKa3aHBI YTBEP)KICHUS O JOIYCTHMOCTH COKpAIICHHUS JUAa30HOB 3HAYCHUI mapa-
METpOB IIpu BepudUKamu. [IpuMepoM Takux yTBEp)KACHHH SIBISIETCS CIEAyolee
JIOKa3aHHOE YTBEpKICHHUE (BpEeMEHHOH mapamMeTp — MapaMeTp, UCTIONIb3yEeMBbIi TOJIb-
KO B CpaBHEHHAX C TailMepamn):

Ymeeporcoenue. Ilycmo napamempuzosanusiii asmomam umeem oOUH He OCma-
Hasnusaemulii mavimep t u k epemennvIx napamempos py, ..., pi. Ilycmo 6 cpasrenusx
¢ matimepom t MO2ym UCNONb308AMbCSL MONLKO NAPAMEMPYL D1, ..., Pk, U, B03MOICHO,
xkoncmanma 0. Toeoa 0751 11060U T0KAYUL ABMOMAMA BEPHO, YMO €ClL OHA He 00CIU-
HCUMA NPU TIOOBIX YENbIX HeOMPUYANETbHBIX 3HAYEHUAX 8DEMEHHbIX NaApaAMempos, He
npesvluiaowux k, mo ona He 00CMUICUMA NPU THOOBIX YELbIX HEOMPUYAMETbHBIX 3HA-
YEeHUSAX 8PEMEHHBIX NAPAMEMPOS.

Taxoke ObLTH cHOPMYIIMPOBAHEI U JOKa3aHBl aHAJOTHYHBIC YTBEPIKICHUS IS
JpPYTUX KJIacCOB aBTOMATOB U APYI'MX BHUJOB MapaMETPOB — BCEr0 CEMb OCHOBHBIX
YTBEP)KICHUH U pAA BCIOMOTaTeNbHBIX. DOpMYINPOBKH M J0Ka3aTeNbCTBA yTBEP-
JKICHUH PUBEICHB! B IPUIOKEHUU b.

ITockompKy Bce pa3paboTaHHBIE aBTOPOM Mojeian KommnoneHToB MBC mpu-
HA/JISKAT BBIICTIEHHBIM KJIaccaM aBTOMAaToB, TO BHEIOOp 3HAYCHHI MapamMeTpoB MpH
BepU(HKAIMK OCYIIECTBIISUICS CONIACHO 3THM YTBEP)KACHHSM, YTO ITO3BOJIMIO BbI-
TIOJIHUTD BEPUBHKALIMIO BCEX MOJENIEH 3a TIPHEeMIIEMOE BPEMsL.

B pazoene 3.2.2 npuBeneHbl TpeOOBaHUSI KOPPEKTHOCTH K MOJICINISIM KOMITO-
HeHToB MBC. Takke B 3TOM paszzene MpOWUTIOCTPUPOBAH MOPAIOK TOCTPOCHHUS
aBTOMATOB-HAOJIOaTeNel Ha MIPUMEpe aBTOMaTa-HaOMIoaTe s, COOTBETCTBYIOIIETO
cleyroneMy TpeOOBaHUIO K MOJEIISIM IIAHUPOBIIIMKOB padoT pa3IelioB:

na nroboeo pazoena 6epHo, 4mo 8 KaxcOblil MOMEHM 8peMeHU HA 8bluUCIUmene
MOdHCem GbINONIHAMBCS He 6oee 00HOU pabombl 3mo2o pazoend.

OcTanpHBIEe aBTOMATHI-HAOTIOAATENTN OMMUCAHEI B IIPHIIOKESHUH B.

B paszoene 3.3 chopmynupoBaHbl U JOKa3aHbl TPEOOBAHUS KOPPEKTHOCTH K
monenu MBC B 1ienoMm. BeimonmHeHne STHX TpeOOBaHMIA TOKa3aHO aBTOPOM ITyTEM

CTPOTHX JIOTHYECKHX PAacCy)XICHUH Ha OCHOBE MH(pOPMALUHU O CTPYKType MOJIEIIH,
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a TaKKe Ha OCHOBE BBINOJIHEHMsI TpeOOBaHHMI K MoJesiM komrnoHeHToB MBC n
TpeOOBaHUH KOPPEKTHOCTH K BXOIHBIM JaHHBIM MozenH. [Ipumepom TpeboBaHus KOp-

PCKTHOCTHU K MOACIN MBC B LCJIOM ABJIACTCA CICAYIOMICE Tpe6OBaHI/IeZ

s 1i06wix 08YX 3a0au 8epHO, YUMo eciu 0OHA 3A0aya 3asUcum no OaHHbIM Om
Opyeotl, mo 8pemst HaYaAd 8bINOAHEHUsL KadHCOOU pabomul 3a0a4u-noay4amens OAHHbIX
He MeHbULe 6DEeMEHU 3A6EPUICHUSL COOMEEMCMEYIOU el PAdOmMbl 3a0aYU-OMNPAGUMENs

OaHHBIX NIIOC 8PEeMst nepedayu OaHHbIX.

B pasoene 3.4 moxazaHa NeTepMHUHHPOBAHHOCTH MOAETEH, POPMUPYEMBIX CO-

IJIACHO IPEUTOKCHHOMY METOY W3 KOPPEKTHBIX Mojielieit kommoneHToB MBC.

B uerBepTOil I1aBe ommcaHa pa3paboTaHHAs aBTOPOM HHCTPYMEHTAlbHAas
cUCTEMa TIPOBEPKH BBHIITOTHECHUS OTPaHUYCHHUN peanbHoro BpemeHu misi MBC, B ko-
TOPO peanu30BaH NpeUIOKEHHBIA oAX0 K moctpoenuto Monenu MBC ¢ 3ananHoii
KOH(HUTyparmei.

B paszoene 4.1 chopmynrpoBaHbl TpeOOBaHUS K HHCTPYMEHTAILHON CHCTEME.

B pasoene 4.2 npencraBiacHbI COCTaB ¥ cXeMa paObOThI peain30BaHHON CUCTEMBI.

Mogenbto kaxaoro komnonenta MBC siBisiercs napaMeTpu30BaHHbIN aBTOMAT
C OCTaHOBKOW TaiiMepoB. Pa3paboTaHHBIC aBTOpPOM aBTOMATBI (DOPMHPYIOT OUOAUO-
mexy asmomMamuuix mooenell, BXOAAIIYI0 B COCTaB MHCTPYMEHTAJbHON CHCTEMBI.
JIJis 3THX aBTOMAToOB MPOBEPEHO BEHIIOJIHEHUE BCEX HEOOXOIMMBIX TpeOOBaHUI KOp-
pekTHOCTH. BmOmmoTeka aBTOMATHBIX MOIENCH MOXET OBITh IIOTONHEHa HOBBIMU
(mosib30BaTebCKUMU) MoneisiMu. it moOaBiieHusT aBToMara B OMOIHMOTEKY HE0O-
XOJIIMO TPOBEPHTH, YTO ISl HETO BBIMOJIHIIOTCS BCE COOTBETCTBYOIIUE TPEOOBAHNUS
KOpPpeKTHOCTH. B cocTaB pa3paboTaHHOTO CpENCTBa BXOIUT HAOOp dA8MOMAMO8-
Habarodamenell U TPOBEPKH ITUX TpeOboBaHMUU. [l co3maHMs, peIaKTHPOBAHUS U

BepU(HKAIMY TapaMeTPU30BaHHBIX aBTOMATOB UCIoNb3yercs cpeactso UPPAAL.

Kaxxnoii aBToMaTHOM MOJENN COOTBETCTBYET MPOrpaMMHAasi MOAEIb — Ipel-
CTaBJIEHHE aBTOMara B Buje koja Ha sa3bike C++. [IporpaMMHas Mozens nomydyaercs
U3 aBTOMAaTHOM MOZENHN C IOMOIIBbIO Pa3pabOTAHHOIO aBTOPOM KOOJO2eHepamopa.
Takum obOpa3oMm, OMOMMOTEKE aBTOMATHBIX MOJENICH COOTBETCTBYET Oubnuomexa
npoepamMmubix mooenel. B porpaMMHBIX MOZENSX HCIONB3YIOTCS OOBEKTHI pa3pa-
0OTaHHOM aBTOPOM OUOIUOMEKU MOOCTUPOBANUS CeMell 8PEMEHHbIX ABMOMAMO8 C

oCcmanoeKoll matimMepos: JOKAIUH, ePexoabl, TakMepsl U T.1.

Hapamempuzosannas npoepammuas mooens MBC mpenctaBiser coOoil mpo-

rpamMMy, UCIIOJIB3YIONTyI0 OMOIMOTEKY MOAEINPOBAHMS CEeTEl BpEMEHHBIX aBTOMATOB
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C OCTaHOBKOW TaliMepoOB H OMOIMOTEKY POrpaMMHBIX Mojeliell komroHeHToB MBC,

Y BBITOJHSIOINIYIO CIIEAYIONIUE IEHCTBUS:

1. [Hoctpoenune monenn MBC no onucanuio KOHGUTYpaIlK CUCTEMBI B COOT-

BETCTBHH C METOJIOM, TPEITIOKEHHBIM B pa3zene 2.5.

2. IIporoH mocTpoeHHO! MOJIENH, B Iporiecce kotoporo ¢hopmupyercs B/ cetn

aBTOMAToB.

3. IToctpoenne mo BJ] cetn aBTomaToB nckomoii Bl ¢dynkmonuposanns MBC

B COOTBCTCTBHHU C aJITOPUTMOM, IPHUBCACHHLIM B pa3ciic 2.6.

B pazoene 4.3 noapoOHo onurcana 6M0IMoTeKa MOACTHPOBAHUSI BPEMEHHBIX aB-

TOMATOB C OCTAHOBKOH TailMepoB.

Pazoen 4.4 mocesiieH MHTErpanuy pa3padOTaHHOW MHCTPYMEHTAJIbHOW CH-
crembl ¢ CAIIP «IImanupoBmuk UMA». Ota CAIIP npennazHaueHa Ui penieHUs
cnemyromierd 3amaun. 3amaercs ommcanne MBC c apxurektypoit UMA, comepxa-
Iee XapaKTepUCTHUKH €€ BBIYUCIUTEIbHBIX Moxyneil. Taroke 3agaercs omcaHue
paboueii Harpy3Kku, cojeprkalee XapaKTepUCTUKH (pyHKIIMOHAIBHBIX 3a/1a4, CIPYIIIH-
POBAaHHBIX B pa3Melibl, U XapaKTepUCTHKU coobmiennii. Heooxomumo copmupoBarh
rxoH(puryparmo MBC, Tak 9T00BI U151 3TOM KOH(MUTYPAIIH BEITOTHSUIACH OTpaHIYC-
HUs peanibHoro BpeMenu. s pewmenus onucanHoi 3agauu B CAIIP «IlnanupoBumk

VMA» ucnone3yrorcs pa3iudHble ONTUMHU3AIMOHHbIC aJTOPUTMBL.

ABTOpoMm 0OblTa peann3oBana cienyromas cxema uaTerparun CAIIP «Ilmanu-
poBimk UMA» u pa3paboTaHHON MHCTPYMEHTalbHOW cucTeMbl. Ha atane paboTs
ONTHUMH3AIMOHHOTO AJITOPUTMA, TPEOYIONeM MPOBEPKH BBIMOIHEHUS! OTpaHHYCHUN
pearsHOTO BpEMEHH T HEKOTOPOi KOH(UTYpaItiy, TeHepupyercs XML-daiin ¢ omm-
CaHMEM 3TOH KOH(UTYypaIMu. 3aTeM 3aIlyCcKaeTcs ITapaMeTpU30BaHHAasl POrpaMMHast
Mozenbs MBC, npuHuMaronas Ha BX0J CreHepHpOBaHHBIN (aiii. Pedynbrarom paboTsl
monenu siBisercs XML-daiin ¢ BJ] dynkimonuposanus MBC. Dot daiin pa3ou-
paetcs B CAIIP «IImarmpoBmmk IMA», 1 Ha OCHOBE €ro JaHHBIX OCYIIECTBIACTCS

IIPOBEPKA BBINIOJIHCHU S OFpaHI/I‘IGHI/Iﬁ PCaJIbHOTO BPEMCHHU.

B nsTOl ri1aBe MpUBEICHBI PE3YNBTATHl AKCIIEPUMEHTATIBHOTO MCCISTIOBAHUS

pa3pabOTaHHBIX METOAOB M CPEICTB.
B pazoene 5.1 copmyaupoBaHsbl eI SKCIEPUMEHTAIBHOTO UCCIICIOBAHUS:

1. CpaBHI/ITL C TCOPCTUYICCKUMHU OLICHKAMU NOPAAOK 3aBUCHUMOCTU BPEMCHHU I10-

CTPOEHUS M TPOTOHa Mozen KOHKpeTHOH MBC OT XapakTepucTuk ee KoHQUTypalum.
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2. OueHuTh NPOU3BOIUTENLHOCTh U MACHITA0UPYEMOCTh 10 KOJTUYE€CTBEHHBIM
xapaktepucTukam koHpuryparuun MBC pa3paboTaHHBIX METOJIOB U CPENICTB, & TAKKE
TIOATBEPIUTH UX MIPUTOIHOCTH IS aHAJHM3a CUCTEM PeajbHOI pa3MepHOCTH.

3. CpaBHUTH 10 TMPOM3BOAUTEIHFHOCTH Pa3pabOTaHHYIO ITapaMeTPU30BAHHYIO
mozienb MBC ¢ monensto, Bcrpoennoit B CAIIP «IlnanupoBuiuk UMAY.

Jis mpoBeeHust SKCIepUMEHTOB ObIIO chopmupoBaHO 10 HaGOPOB KOHPHTY-
pauuii MBC, pa3nuuarommxcsi 4uciioM 3ajiad, COOOLICHHM, pa3/eiioB, saep, OKOH,
JUINTENIFHOCTRIO MHTEpPBANa IJIAHUPOBAHMS, TPAHUIIAMU JHUPEKTUBHBIX MHTEPBAJIOB
pabot. B pamkax kaxmoro Habopa BapbHpOBaNIaCh BEIOpaHHAS YHCIIOBAS XapaKTepH-
ctrka koHpuryparmu MBC, HanpumMep, duciio 3agad. Bee koHburypamun chopmu-
POBaHBI HA OCHOBE JAHHBIX, COOTBETCTBYIOIINX peabHON cucteme MA.

B pasoene 5.2 npoaHann3npoBaHbl Pe3yNbTaThl SKCIIEPUMEHTOB: UCCIICI0BAHBI
3aBHCHMOCTH BPEMEHH IMMOCTPOCHNUS U POroHa sk3emisipa mogenu MBC ot xapakre-
puctuk KoHpuTypanm 31oii MBC, a Taxke BBIITOTHEHO CpaBHEHHE pa3pabOTaHHOTO
cpenctsa co BcrpoeHHOU B CATIP «Ilnanuposmmk UMA» Mozenbio 1o BpeMeHHU po-
BEPKHU BBIIIOJIHEHNSI OTPAaHMYECHUH pealbHOro0 BPEMEHH.

B pasoene 5.3 chopMynnupoBaHbl BBIBOABI U3 HKCIIEPUMEHTAIBHOTO HCCIIEIO-
BaHMs. 3aBUCHMOCTH JUIUTEIBHOCTH MOCTPOCHUS/TIPOrOHa IK3EMIUIIpa MOJEIU OT
XapaKTePUCTUK KOHPHUTYPAIINH COOTBETCTBYIOT CBOMM TEOPETHUECKHUM OIEHKAM, 94TO
MIOATBEPKACHO C MCIIOIB30BAHUEM METOIOB MAaTEMaTHIeCKOW CTATUCTHKH. [ KOH-
¢urypanuii pazMepHOCTH, COOTBEeTCTBYytomeH peanbHbiM MBC, Bpems nposepku
OTpaHUYEHHUH peasbHOr0 BpEMEHH COCTABMIIO MEHEE 5 C, UTO MO3BOJISET HCTIONIB30BaTh
pa3paboTaHHOE CPEJICTBO B ITUKJIE paOOTHI ITOMCKOBBIX aJlTOPUTMOB, TIEPEOMPAIOIITUX
0O0JIBIIIOE YUCITIO TOTCHIMAIBFHBIX KOHMUTYpaIHid (HalpuMep, SBOITFOIIMOHHBIX aJro-
PUTMOB).

Ha pucynke 2 npuBeneHbl pe3ysbTaThl CPaBHEHUsI pa3paOOTaHHON mapamer-
pusoBanHoit Mogenu MBC u Bectpoennoit B CAIIP «Ilnanuposumx UMA» monenu
Mo BpeMeHH pPaboThl (BKJIIOUash BpeMs TOCTpoeHHsT Mojaenu KoHkpeTHor MBC).
Kondurypammus «x1» cooTBETCTBYET 0AHOI U3 peartbHbIX 6opToBEIX MBC. Ha xoHpU-
rypanusx HeOOJIBIIONW pasMEpHOCTH BpeMst paboThl MoJIeiel IPUMEPHO OANHAKOBO.
OpHakKo, ¢ POCTOM Pa3sMEPHOCTH KOH(HUTypanuii pa3paboTaHHAs MOJETb HAYMHAET
paboTarb 3amMeTHO ObIcTpee, ueM Moneib u3 CAIIP «ITnanuposmmk UMAy. B/I, mo-
CTPOCHHBIC C TIOMOIIBI0 00EHUX MOJIEIeH, COBIAIATOT.

B 3akuiouennu chopMyITupoBaHbI OCHOBHEIC PE3YNBTAaTHl PaOOTHI U MIPHUBEIC-

HbI BO3MOXHBIC HAMIPABJICHUS pa3BUTUA NPCAJIOKCHHOT'O MOAX0Aa.
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Bpewms, ¢

------- W MapameTprsoBaHHas
mogens MBC

= Mopesib 13 CAIP
«MnaHnpoBLUKK VIMA»

KoHdpurypauumn

Puc. 2 — CpaBHenue BpeMeHn paboThI pa3pab0TaHHOW ITapaMeTpU30BaHHOI Moaen

MBC u BctpoenHoit B CAIIP «Ilnanuposumk MMAY moznenu

B npunoxennu A mogpoOHO OMUCAHBI pa3padOTaHHBIE aBTOPOM MOZIEITH KOM-
nonentoB MBC. B nmpuiaoxenun B cdopmynupoBaHbsl 1 J0Ka3aHbl yTBEPKACHHS
0 BBIOOpE 3HAYCHHUIl MMApPaMETPOB U MEPEMEHHbBIX, HCIOIb3YIOUIHECsS MPU BepUPH-
karuu mozeneit komrmonentoB MBC. B nmpuiioxkenun B onmcansl pa3paboTaHHBIC
ABTOMATHI-HAOTIOATEIN, HCIIOIB3YIOIIHECS IS IIPOBEPKHU BBHIMIOTHEHUS TPeOOBaHUI
KOppeKTHOCTHU K MozessiM komnonenToB MBC. B npusioxkenuu I' npencrasnens pe-

3YJIbTaThl SKCIICPUMCHTOB B TaOJIUYHOM BHIC.
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