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CUCTEMHBIE ACHEKTBI IPOEKTUPOBAHUA
TAPAHTOCHOCOBHBIX OBJIAYHBIX BBIYUCJIEHUM

H.A. Kocosey, U.E. [llemunun, JI.H. Toscmenxo

PaccMOTpeHBI CHCTEMHBIE aCIeKTHl NPOSKTUPOBAHHS IapaHTOCHOCOOHBIX OOJIAUHBIX BBIUHCICHHH. TexHHUeckas peanu3alys TaKOT O
BBIYUCIINTENLHOIO KOHTEHTa BO3MOXKHA IIPH HCIIOJIb30BAaHUH NPOCTPAHCTBEHHOTO OTKA30yCTOWYMBOIO MYJBbTHIIPOLIECCOPA PEAIBHOTO
MaciTaba BpeMEHH € BapbHPYEMbIM COOTHOIICHHEM IPOU3BOJUTEIBHOCTH M JIOCTOBEPHOCTH NPH JAe(HUIHUTE PECypcoB HaAEKHOCTH
CpeACTBAMH OIEPAllMOHHOH CHCTEMBI, NTUHAMHYECKH H3MEHSS apXUTEKTYpHBIH OONHMK CHCTEMBI CO CTPYKTYPHOH H30BITOYHOCTHIO.
Ocoboe BHUMaHHE YJEIE€HO PacCMOTPEHHIO aOCTPAKTHOTO pecypca — HaJEKHOCTH, €ro MCKIIOYUTEIBHOH POJM NPH IPOSKTHPOBAHUH
MyJIBTHIIPOLIECCOPA CO CBOWMCTBaAMH OTKazoycToHumBocTH. CHcTeMa peKOHQUrypHpyeTcs, 3aJlaHHe IepepaclpeesieTcss MEexXay
nponeccopamu. [Ipy HammYuu cBOOOAHBIX IPOIECCOPOB MOCIEAHNE MHUIMAIM3HPYIOTCS U BKJIIOYAIOTCS B BEIYHCIUTENIBHBIH IIPOIIECC.
ABTOpamH IpeyIokKeHa 1 chopMyIupoBaHa oueHKa 3G GEeKTUBHOCTH JaHHOW OTKA30yCTOHYMBOW TEXHOJ OTHH.

KuttoueBble c10Ba: rapaHTOCIIOCOOHOCTh, 00Ia4HbIE BHIYUCIICHHS, MYJIBTUIIPOLIECCOP, PEKOH(UTypaLus, BapUaLHs IPOU3BOAUTEIBHOCTH
1 HagE&KHOCTH, apXUTEKTypa.

PO3rIsiHyTI CHCTEMHI aCMeKTH MPOCKTYBaHHS TapaHTO3AaTHHX XMAapHUX oO4MCIieHb. TexXHIYHA peani3allis TaKoro 00YHCIOBAILHOIO
KOHTEHTY MOJKJIMBA [PH BUKOPHCTAHHI MPOCTOPOBOTO BiIMOBOCTIHKOIO MYJIBTHUIIPOLIECOPA PealbHOr0 MaciTady 4acy 3 BapifioBaHUMHU
CHIBBIIHOIIECHHSIM HNPOIYKTHBHOCTI i JOCTOBipHOCTI, npH Aedinuti pecypciB HaniifHOCTI, 3aco0aMu onepamiiHOl CHCTEMH, JMHAMIYHO
3MIHIOIOYH apXiTEeKTYpPHHUI BUI CHCTEMH 31 CTPYKTYpHHM HammuimkoM. OcoOiauBy yBary mpHIIJICHO pO3MsAy abCTpakTHOTO pecypey —
HaAIHHOCTI, #Oro BHKIIOYHIM poONi NpH OPOEKTYBaHHI MyIbTHOpOLECOpa 3 BIACTUBOCTAMH BigMoBocTiiikocTi. Cucrema
peKkoHDIrypyeThes, 3aBIaHHS IIePepO3NOIUIIETECS MK ITporiecopamMu. IIpy HassBHOCTI BUIBHHUX HPOLECOPIB, OCTaHHI IHINIATI3yIOTECS Ta
BKJIIOYAIOTHCS B OOUMCITIOBAJIBHUIA IpoLec. ABTOpaMHU 3alpoNoHOBaHa Ta c(hOpMyIbOBaHa OliHKA eEKTHBHOCTI JaHOI BiIMOBO CTiHKOI
TEXHOJIOTII.

Kiro4oBi ciioBa: rapaHTO37aTHICTh, XMapHi OOYHCIICHHS, MYyJIbTUIIPOLIECOpP, peKoHpirypamis, Bapialis IpOXYKTUBHOCTI 1 HamiHHOCTI,
apxiTekTypa.

There is discussed the system aspects of designing secure cloud computing. Technical realization of such computational content is
possible with the use of a spatial fault-tolerant multiprocessor of a real time scale with a variable ratio of performance and reliability
with a lack of reliability resources by means of the operating system, dynamically changing the architectural appearance of the system
with structural redundancy. Particular attention is paid to the consideration of an abstract resource — reliability, its exceptional role in the
design of a multiprocessor with the properties of fault tolerance. The system is reconfigured the task is redistributed among the
processors. If there are free processors, the latter are initialized and included in the computational process. The authors proposed and
formulated an assessment of the effectiveness of this fault-tolerant technology.

Key words: reliability, cloud computing, multiprocessor, reconfiguration, variation of performance and reliability, architecture.

BBenenne

B nmaHHON cTaThe paccMOTPEHBI CHCTEMHBIC aCIEKThl IPOSKTHPOBAHMS TapaHTOCHOCOOHBIX OOJIAauHBIX
BbluncleHn. TexHuueckas peanusalys TAaKOrO BBIYMCIMTENBHOTO KOHTEHTAa BO3MOXKHA IPH HCHOJNB30BaHUHU
MIPOCTPAHCTBEHHOTO OTKa30yCTOWYMBOTO MYJIBTUIIPOIIECCOPA PEATbHOTO MaciiTaba BpEeMEHH C BapbHPYEMBIM
COOTHOUICHHEM MPOM3BOJUTEIBHOCTH M JIOCTOBEPHOCTH MpU JeduIuTe pecypcoB HaJEKHOCTH CpEICTBAMH
OIEPAIMOHHON CHCTEMBI, TUHAMUYECKU U3MEHSISI apXUTEKTYPHBIH OOJIMK CUCTEMBI CO CTPYKTYPHOM N30BITOYHOCTHIO.

Bgenenne B o6iauHble BBIYMCICHUS MOHITHS TapaHTOCIIOCOOHOCTh MO3BOJIUT JaTh KOJMYECTBEHHYIO OIICHKY
(haKTHUECKOTO MPEIOCTABIEHHUS YCIYT, KOTOPBIE HE OTIMYAIOTCS OT crenudukanui. ['apaHToCIIOCOOHOCTh yCTpaHAeT
MyTaHUIy MEXIy MOHATHAMH HaI&KHOCTH BOOOIIE W MEpod Haa&XHOCTH, KaK MaTeMaTHYeCKOl KOJINYEeCTBEHHOMN
BEJIMYUHBI, XapaKTepU3ymoolled creneHb Haa&KHOCTH cucTeMbl. OHa nNOAUEpKHUBAaET, UTO HaJAEXKHOCTB,
PEMOHTOIIPUTOTHOCTb, O€30MaCHOCTh M JIPYTHMe II0Ka3aTeNld SBILSIFOTCS KOJWYECTBEHHBIMHM XapaKTepHUCTUKaMHU
Pa3JIMYHBIX MPOSBIEHUH OHOTO ¥ TOTO YK€ CBOWCTBA CUCTEMBI — TapaHTOCHOCOOHOCTH.

Hapymenne rapanTocioCOOHOCTH ONPENIENseTCs] OTCYTCTBHEM 00O0CHOBAaHHOW YBEPEHHOCTH B IPEJIOCTABICHUH
CHCTEeMOM HaJUIeKaIUX YCIYTr B TEUECHHE JOCTATOYHO JJIMTEIHFHOTO MEPHO/ia BPEMEHH, YKa3aHHOTO B CrielM(UKaIHY.
Hnst MIPEeIOTBPAILIEHUS MOHWKEHNS TapaHTOCTIOCOOHOCTH, paspabareiBaeM CHOCOOBI obecrneueHus
rapaHTOCIIOCOOHOCTH, SIBJISIOIINXCSI COBOKYITHOCTBIO METOJIOB, CPEICTB U MPOEKTHBIX PEIICHUH, KOTOPhIE MMO3BOJISIOT
MIPUAATh CUCTEME CIIOCOOHOCTH K TapaHTOCIIOCOOHOMY BBIITOJHEHHIO TpeOyeMbIX (GYHKIMHA U MPHUAATH MOJIB30BATEII0
YBEPEHHOCTh B HAJMYHUU Y CHCTEMbBI TakoW cmocoOHocTH. [lokazaTensiMH TapaHTOCIIOCOOHOCTH MOTYT CIY)KHUTh
KOX(PHUIHEHT MOSIBICHISI HEUCTIPABHOCTEH B CHCTEME, OIMIMOOK, HaJEKHOCTh, TOTOBHOCTh, 0€30IaCHOCTh M CIIOCOOBI
MIPEJOTBPALICHNS HEHWCIIPAaBHOCTEH, OMMOOK (OTKa30yCTOHYMBOCTH), MHPOTHO3MPOBAHHE HEHCHPABHOCTEH W WX
yCTpaHEHHUE.

HaunOonee BakHBIM NOKa3aTeJIeM TI'apaHTOCIIOCOOHOCTH €CThb OTKa30yCTOWYMBOCTb, KOTOPOH yJElIUM
HauOoblllee BHMMaHMS Ha BCEX OJTalax CO3/aHMs CHCTEMbl OOJAa4YHBIX BbIYMCICHHH. OTKa30yCTOHYMBOCTH HA
MIPOEKTHOM YPOBHE JOCTUraercss 3a Cu€T MNPUMEHEHHUs JBYX HE MWCKIIOYAOUUX JApYyr [Apyra MOJIXOAOB:
(YHKIMOHAIBEHOTO pa30MeHNs U IPOSKTHOTO PazHOOOpasusl.

Hcnonp3yst MeTo pyHKIMOHAILHOTO pa30ueHus, Kaxaast QyHKIus cucteMbl pa3duBaeTcs Ha psia NoAQYHKINH,
TaKUM 00pa3oM, 4TOOBI OTKa3 KOMIIOHEHTA, PEAIN3YyIOLIEr0 HEKOTOPYIO MOA(QYHKINIO, OKa3bIBAJICS N30JIMPOBAHHBIM U
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HE Mellaj] BBIIOJIHATh (PYHKIMM B LEJIOM, XOTS W NPU YXYALIGHUH XapaKTEPUCTHK. YKa3aHHBIH MOAXOA TpeOyeT
TIIATEIBHOTO MPOEKTHPOBAHMS MYJIBTHIIPOLIECCOPA U, OCOOEHHO, Er0 MEKIIPOLIECCOPHBIX CBSI3EH.

Jlpyroi#t moaxon — MpoOeKTHOE pa3HooOpasue, cocrosiiee B 0OSCIIEUCHUH BBIMOIHEHUS TPEOYeMbIX (DyHKLUH
00CITy)KMBaHHs 110 HECKOJIBKUM HE3aBHCHUMO CIPOEKTHPOBAHHBIM M Pa3/IebHO PEaM30BAaHHBIM BBIYUCIHTEIBHBIM
KaHaJlaM.

PecypcHoe o0ecnieuenne 00 1a4HbIX BbIYHMCJIEHUI

CoBpeMeHHBIE CpeACTBa IIPEACTABICHUS JOCTyNa K oONayHBIM pecypcam cpenctBamu MHTepHeT Bemien
(IoT), ckopoctHOro TpaHcmopTa mocpeinctBoM 5G HHTepHeT, BHeApEeHHMEM HOBBIX OpraHHM3alMi MOCTPOCHUS
6ecnipoBogubix ceteit (MIMO), HOBBIX croco0oOB mepenaun MHGOPMAalUU B Pa3IMYHBIX YaCTOTHBIX JUaNa3zoHax
(OFDM) o0ycnoBunu nH(GOPMAIMOHHBIN B3pHIB B 00jacTH mnepenadyn ¥ odpabotkum uHopmanuu. OGnauHble
BBIYMCIICHHUS MOJyYWIM HauOonbllee pa3BUTHE B OOJACTH COBPEMEHHBIX HMH()OPMALMOHHBIX TEXHOJIOTHU
XpaHeHUsT ¥ O00pabOTKM JaHHBIX. OTO COBEpPUICHHO HOBOE HMH(POPMALMOHHOE NPOCTPAHCTBO, Jalroliee
HEOTpaHWUYEHHBIE BO3MOXHOCTH. Ho monp3oBanme oOmmMu BHPTyalnbHBIME VIHTEpHET pecypcamu HecéT B cebe
OTpeeNIEHHYI0 ONAaCHOCTh: YMEHBINAETCS OE30IIaCHOCTD IepeaaBacMbIX JaHHBIX, HET TAPAHTUH B CBOEBPEMEHHOM
MOJIy4E€HUHN YCIYTH, CIOXXHOCTh OpraHM3alliM CBOEro Oe30macHOro «oOmaka» uIs opraHu3anuu OusHeca,
poOJIeMBbl NPOAaXKH WHGOPMAIMOHHBIX ycinyr. YacTe mpoOieM HHUBENHpPYETCS BHEAPEHHEM YacTHOTO o0OJaka,
npenoctasisonero 6ezonacHyio MT-uHGpacTpyKTypy, KOHTPOJIHPYEMYI0 H 3KCIUTyaTHPYEMYyI0 B HHTEpecax
YaCTHOTO HPEIIPUATHUS.

YactHass Mojenb OOJIAYHBIX BBIYHMCICHUH O00ECNEeunBaeT BBICOKYIO CTeleHb Macmradbupyemoctd. OHa
MO3BOJISIET OBICTPO pacmpuTh HaOop U T-cepBUCOB MM MOMYYUTh K HUM AOCTYN 0€3 Heo0X0AMMOCTH KalHuTallbHOW
MOJICPHU3AIH CBOEro 0a30BOro IEHTpa 0o0pabOTKM NaHHBIX. JTO OOecledyrMBaeT OpraHU3allMid TaKOE BaKHOE
MIPEUMYIIECTBO, KaK CHI)KCHHE COBOKYMHOW cromMoctu Biaaenus UT-pecypcom, uTo, B CBOIO OYepelib, MOBBIIIACT
ee JIOXOJJHOCTb, YIIPOIIaeT PeMHBECTHPOBAHUE KarnTaa

YcTolunBas TEHACHLIUS pOCTa HAYYHBIX NyOIMKanuii 00 OpraHM3alud TapaHTOCIOCOOHBIX OOIaYHBIX
BBIYHCICHUH 00yCIIOBJIEHA KPU3NCOM apXUTEKTYPHBIX MOJEJIEH, CIOCOOHBIX aleKBaTHO OTOOPA3UTh MPHUKIATHYIO
3amaqy ¢ TpeOyeMbIM 3Hau€HHEM HaI&KHOCTH Ha OOJauHBIX pecypcax. s OONBIIMHCTBA 3ajad apXUTEKTypa
obnaka He OTpakaeT MpPoOJeM OpraHU3aIMH BBHIYHCICHHH, PAaHXHPYEMbBIX IO YPOBHSM TI'apaHTOCIIOCOOHOCTH, U
po0JieM OpraHM3alMK BHIUMCICHUH B peasbHOM Macimitabe BpeMeHH. CHCTEeMHOE NMPOEKTHPOBaHHE MUKPO-OBM
BBIIBUTAET PAJ aKTyaJbHBIX 3a/1ay, CBS3AaHHBIX C 0OOCHOBAHHMEM apXHUTEKTYPHl M BBIOOPOM CTPYKTYpPBI MHUKPO -
3BM.

Apxurektypa MUKpo-OBM 10/KHA Y4YMTBHIBATH COBPEMEHHbIE KaHAJbI Iepenadyn MHGOpManuu U CpelcTBa
J0CTyna. JTO MO3BOJIUT BHEJPUTH CEPBHUC - OPUCHTUPOBAHHBIC apXUTEKTYpPbI, ONITUMH3UPOBATh 00PaOOTKY JaHHBIX
U yIIpaBlIeHHuEe HHPOpMAIHeH.

IIpu Gonpmmx oO0BEMaxX BBIYMCICHHUI, MOBBIIIEHHBIX TPEOOBAHMAX K 3aIluTe HMHPOpPMAINH, oOecTeyeHHs
rapaHTOCIIOCOOHBIX BBIUMCICHHH B paMKax KOpPIOpAlMU LeJIeco00pa3HO pPaccMOTpPETh MOJeNb O00JauyHbIX
BBEIYHCIICHHH — YacTHoe oOmako (private cloud), koTopoe oOiamaeT MHOTHMH IMPEHMYIIECTBAMU KOMITBIOTEPHON
cpenpl. B wactHOM oOnake ynpaBieHHe JaHHBIMH M IIPOLECCAMU OCYIIECTBISICTCS BHYTPH Koprnopauuu. Jpyrumu
CJIOBaMH, B 3TOM CIIy4ae OTCYTCTBYIOT TaKue MpoOIeMbl, KaK OTpaHnYeHHUE IPOITYCKHOM CIIOCOOHOCTH CETH, YTPO3bl
06e3omacHOCTH ¥ HEOOXOAWMOCTH HOPMATHBHOTO COOTBETCTBHS, KOTOpPBIE MOTJIM OBl BO3HHMKHYTH NP
HCTIOJIb30BaHUH ITyOIMYHBIX 00JIaKOB MOCPEICTBOM OTKPBITHIX ceTeil obmiero mnosp3oBanus. Kpome Toro, cepBHCH
Ha 0a3e 4YacTHBIX OOJIAKOB CIIOCOOHBI IPE/UIOKUTH IOCTABIIMKY M KOHEYHOMY IIOJIb30BATEN0 00J€e BBICOKYIO
CTeNeHb KOHTPOJIS, B TOM YHCJIE JOCTYMa I0Jb30BaTelIell K CETH, YTO CYIIECTBEHHO YyIJydlIaeT 0e30MacHOCTh U
YCTOWYUBOCT.

Crenyer OTMETHTh BaXKHOCTh IIOCTPOCHHUSI ApXUTEKTYPHBIX MOJEJCH, 4YTO TIO3BOJISIET OLCHUTD
HH(QOPMALMOHHBIE TIOTOKH MOJIENHU JI0 TOTr0, KaK HauyHeTCs mpoliecc peanuzanui. OYHKIHMOHAIbBHBIE BO3MOXHOCTH
anmapaTtHbIX W TMPOrPaMMHBIX KOMIIOHEHT MpPEJCTABISIIOTCS apXUTEKTYPHBIMU MOJACISIMA C HCIOJIb30BaHUEM
BBICOKOYPOBHEBOH a0CTpakIMK B BHJE MTOTOKOB AAHHBIX W a0CTPAKTHO MPEJCTABISIOT TEXHOJOTHIO PEeaIn3alud BO
BpeMEHHU. APXUTEKTYpPHBIE MOJIENIN COJIEPKAT CXEeMBbl apOuTpaxka, JOITyCKAIOT MMapaMeTpU3alyio U THIu3anuio. Tak,
napamMeTpsl KOHQUTYpalMu apXUTEKTypHOH MOJENH IO3BOJIIIOT ONPEAEIHTh COOTHOUICHHE peanu3aluu (QyHKIHH
anmapaTHBIMH M TPOTPaMMHBIMH  cpejicTBamMH. [IpoekTHpoBaHHWE Ha CHCTEMHOM YpPOBHE C IIPUMEHEHHEM
ApPXUTEKTYPHOTO MOJEIUPOBAHUS  YNPOIIAeT CIEeNU(PHUKANUI0 IPOeKTa, [JeJlaeT IUIaBHBIM  IIepexoj] OT
(YHKIMOHANBHBIX K (pOpManbHBIM TPEOOBaHMSM, MOCKOJIBbKY pasfelisieT MpoOjaeMbl BHIPAOOTKH (DYyHKIIMOHAIBHBIX
TpeOoBaHuil W crenuduKanMii MpoeKTa, TaKk Kak OOBIYHO OTCYTCTBYIOT CPEJCTBA KOJIMYECTBEHHOH OIICHKU
crienupuKanuim.

Jlornveckue acneKThbl NPOCKTHPOBAHMSA FAPAHTOCIIOCOOHBIX BbIYHMCICHHU I

COSL[aHI/Ie FapaHTOCHOCO6HI)IX 00JIaYHBIX BLIYUCICHUM (TO €CTh 066CH€‘-II/IB&IOHII/IX FapaHTOCHOCOGHOG
BBIINOJIHEHHE OOJIAYHBIX q)yHKIII/Iﬁ CHCTCMOﬁ, IJId KOTOPBIX OHa npe,uHa3Haqua) CBOJUTCA K YOpOUICHUIO
npeaOoCTaBICHUA BBIYUCIUTCIIbBHBIX CCPBUCOB, MOCKOJBKY H€O6XOZ[I/IMO 00ecCIeunTh HaaexKauee B3aPIMOﬂeI>iCTBPIC
00JIBIIOr0 4YHCIa YCIOXKHAMUXCA KOMIIOHCHT CHUCTEMbI, KOTOPLIC PCAIU3YIHOTCA Ha OCHOBE FapaHTOCHOCOGHLIX
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BBIUMCIICHUH M 00ecledeHHs] O0TKa30yCTOWYMBOCTH INMPH NPOEKTHpoBaHMHM. OTKa3 B CHCTEME HPOHMCXOAMT TOTAA,
KOTJa IpeJOCTaBJIsIeMblE €10 YCIYTH OTJIMYAlOTCS OT YCJYr, YKa3aHHBIX B CHCTEMHOW crHenu@UKalud, TO €CTbh
OXUJaeMble BUJABI OOCIY)KMBaHHUS COTJIAaCOBAHHBIE MEXJy IOJb30BaTeleM W  pa3paboTYUKOM. MeTosl
MIPEJOTBPALICHUS] HEUCTIPAaBHOCTH U METOJbI 00ecreueH s 0TKa30yCTOWYMBOCTH MOXKHO paccMaTpuBaTh B KauyecTBE
crnoco0OB  peaiu3alui T'apaHTOCIIOCOOHOCTH, MOKa3bIBAlOIIME KaK INpUAATh CUCTEME CHOCOOHOCTh K
MPEIOCTABICHUIO TpeOyeMbIX yciyr. MeTonasl yCTpaHEHHS W IMPOTHO3MPOBAHUS MOTYT CUHTATBCS CIOcOOaMu
MIPEIOTBPALICHIS TAPAHTOCIIOCOOHOCTH, TaK KaK OHH YKa3bIBAIOT, KAKUM 00pa3oM MOXHO JOCTHYh YBEPECHHOCTH B
CITOCOOHOCTH CHCTEMBI K BBIITOJIHEHUIO TIPEONIPEICTICHHBIX YCIIYT.

JIOMUHHpYIOIIUM B IOCJEAHEE BpEMS HANPaBICHUEM Pa3zBUTUA apXUTEKTYP BBIUMCIUTEINS 3aKII0YAIACh B
YBEIWYCHUH  TMPOU3BOIUTEIHHOCTH, HWHPOpManuOHHOH  &MixoctH. OnHAKO NPUHIUIB  OpPraHU3AIHNH
BBICOKOTIPOM3BOAUTENBHEIX BBIYMCICHUN KapAWHAIBHBIX HW3MEHEHHH He mpeTeprennd. OCHOBOIIOJIATarolIuM
MPUHIUIIOM IOCTPOECHHS BBICOKONPOU3BOJUTEIBHBIX BBIYMCIEHUH O HACTOSIEr0 BPEMEHHM OCTAaeTCs NMPUHIUI
MaKpOKOHBelepHbIX  BbluMcieHui. OpraHu3anusg MaKpOKOHBEHEpPHBIX BBIUMCICHHI OCHOBBIBaeTCS Ha
napajuleIu3Me aJIrOpUTMOB, CBOJMMBIX K CHUCTeME CJIa0OCBSI3aHHBIX M HE3aBHCHMBIX OIEpaliii KOMIIOHEHT
anroputMa. C neinpio (opMaiau3alyy Takoro MPEJCTAaBICHUS aJIrOPUTMA BBOJUM M (opManu3yeM KpYyITHbBIE
oOliemMareMaTH4yeckie M CIEeUalbHble ITOHATHS, oOecrneunBatoniye 3(dexTuBHOE oOmNHMCaHWe W paspelieHue
mpo0JieM pealn3aluy aJIrOPUTMOB 3aJaHHOTO Kiacca. KaHOHMYEeCKU HAOOp TaKUX TMOHATHI Ha3bIBAEMbIX 0a30i
OpraHM3allii MaKpPOKOHBEHEPHBIX BBIUYMCICHUM, CONEPKUT OOBEKT THIA 3amaHre, OOBEKT THIA 3axada, 0OBEKT
Tuma ceMadop, OOBEKT THIIa TOYTOBHI AMUK W OOBEKTH Jpyrux THIOB. OmepanuoHHBIE CUCTEMBL,
OpDUEHTHPOBAHHBIE HA pealu3alHl0 aJrOPUTMOB B  MAKpOYPOBHEBOM IMPEACTAaBICHUH, CTPOUM Kak
HHTEPIPETATOPHl ONEPATOPOB M TUPEKTHUB 0a3bl OpTraHM3AIMH MAaKPOKOHBEHEPHBIX BBIUMCICHHUH. JJocTUraemsiit
pu 3ToM 3P (PEeKT 3aKIoYaeTcs B MAaKpOYPOBHEBOM YIIPABICHUH MOCIEI0BATEIFHOCTHIO Pean3allii KOMIIOHEHT
aNropuT™Ma C IMOMOUIBIO TIOTOKA NaHHBIX M coObiTHi. Kpome Toro, cnenuanusanus (yHKIUE onepannoHHON
CHCTEMBI, COCTOSIIas B OPHUEHTAIMUM HAa OPraHU3allMI0 B3aUMOJCHCTBHA KOMIIOHEHT alropuTMa, 3HAYHTEIBHO
yIpoILaeT BEIOOp CTpaTeruu pacnpeesenus pecypcoB Mukpo-2BM. Hakonel, ncnosib30BaHue MaKpOypOBHEBOTO
MpeACTaBICHUS aJTOPUTMA, MO3BOJISIET OTKIAABIBATH MPOLEAYPY CBA3BIBAHMS KOMIIOHEHT alrOpUTMa U CPEICTB
HX peaJu3alyy 0 MOMEHTa Hadaljla pelIeHHs 3a1ad.

HepaBHO3HaYyHOCTH TpeOOBaHW K JIOCTOBEPHOCTH pELICHWH 3ahad  oOIpeaeiseT HeoOXOIUMOCTh
MHOTOYPOBHEBOT'O PaHXHPOBAHHWS 3agad IO TapaHTocmocoOHocTH. OTcroma ciieyeT, 4To 0aza OpraHH3alud
BBIYHCIICHHUH, OPHCHTHPOBAHHAS Ha pENICHHE 33434 MpH AeQUIUTE PecypcoB HAIS)KHOCTH, JOJDKHA BKIOYATh, O
MEHBIICH Mepe, IBe PAa3HOBUAHOCTH 3aJaHUI — 3a/laHue, o0ecTieunBaromee 0oee BRICOKHA YPOBEHb JOCTOBEPHOCTH
pelieHus 3ajad, ¥ 3ajaHue, oOeclevYMBarOlee MEHee BBICOKHI YpPOBEHb JOCTOBEPHOCTH pemieHus 3amad [1].
dopmanuzanus TpoOIleM peamu3aliil  alTOPUTMOB OCHOBaHA  MPEICTABICHHUEM alFOPUTMa OMNEPaHOHHOMN
Mozmenbio. OCTOBOM 3TOM MOJENH SIBIIIETCS OPHUEHTHPOBAHHBIH Tpad, BEPUIMHBI KOTOPOTO OTOXICCTBIAIOT C
omnepanusaMi, a Iy — CO CBA3SIMH MEXIy HUMH, IPHUEM COepKaTelbHas MHTepPIpeTanus onepanuii 3aBUCUT OT
YPOBHS J€TaJIN3aIIH aJITOPUTMA.

ATNBTEpHATUBEl OTKA30yCTOWYMBBIM TEXHOJIOTHSIM IIPH MOCTPOSHHH OONAYHBIX BBIYMCICHHH pealbHOTO
BPEMEHM HET. 3Ha4YeHHE HAJEe)KHOCTH PACCUMTHIBACTCS M 3aKJIaJbIBAeTCAd Ha CHCTEMHOM YPOBHE M 3aBHUCHUT HE
TOJBKO OT aNMapaTHBIX M MPOTPaMMHBIX PECYpCOB, a B OOJBIIEH CTENEHU OT MX B3aUMOJEHCTBHUSA, YIpaBICHUSA
pecypcamu. B pesynpTaTe HaJIeXKHOCTh BBICTYNAaeT KaK PECypC CHCTEMBI W BapbUPYETCS B 3aBHCUMOCTH OT
BBINOJIHAEMOH 3a/1auH.

[IpuHuuMn opraHu3aluu BBICOKOIIPOU3BOAUTENbHBIX BHIYUCIHUTENEH, B OCHOBE KOTOPBIX JIEKUT OpPraHU3aLUs
MaKpOKOHBEHEPHBIX BBHIYHCIICHHUH, OCHOBAH Ha ITapajUIeIM3Me aJTOPUTMOB, CBOAMMEIX K CHCTEME CIa00CBI3aHHBIX
Y HE3aBHCHMBIX OTIEpAIlil BETBEH aNropuT™Ma, He IpeTepIies KapIUHAIBHBIX U3MEHEHUI B «o0nakax». OnpeneneHue
00BEKTOB COCTOWT B TUIIC 00BEKTa, aTpuOyTax 00BEKTa U MHTEPIpPETAH 00bEeKTa HAOOPOM MPHMEHUMBIX K HEMY
orneparui.

Jnst ¢popmanm3annuy BBRIYHCIUTEIBLHOTO IPOIECCa CO3JAIOTCA JIOTHYSCKHE PECYypChl U MEXaHU3M JIOCTYyIa
k HuUM. OpraHu3amnuio B3aMMOJEHCTBHS B TAaKOW THUMOTETHYECKOW MalIMHE BO3Jaraercs Ha ONEPalMOHHYIO
cucremy. llenpro ee sABISIETCS OMpeNeTIeHHe CPEbl ISl CO3/aHHs U BBHIMOJHEHHs mporpamm [2]. dakTHuecKum
CTaHIAPTOM CPEJICTB HHTEPIIPETAIIMN MaKpPOKOHBEHEPHBIX BBIYNCICHUH SBIAETCS MYyJIbTH3adauHast ONeparinoHHas
cucrema. IlocTpoeHme ONTHMAIBLHOTO BapHWaHTAa CPEACTB pealH3alldd 3aJaHHOTO alropuTMa OO0ecHednBaeT
MHOTOBApHAHTHBIA apOUTpaXk CHCTEMHOH MAarucTpald W PE3UACHTHBIX pecypcoB. Takum oOpazom, oOimadHbIe
BBIYMCIIMTENN SIBJISIOTCS OCHOBOHM OOIIMPHOTO KJIacca MYJIBTHIIPOLIECCOPHBIX MHKPo-OBM c¢ pacnpeneneHHOM
MPOCTPAHCTBEHHOW MAarucTpanblo, IOBBIIIEHUE MPOU3BOJUTEIBHOCTH KOTOPBIX JOCTHraeTcs 3a Cuer
OJHOBPEMEHHOI peanu3aluy MapauielibHbIX KOMIOHEHT airoputma. CyliecTBeHHas B3auMMO3aBUCHUMOCTb
HAJEKHOCTH M TPOM3BOJIUTEIBLHOCTH OIpeAesieT HEOOXOIUMOCTh CO3/aHusl OOJIaYHBIX BBIYHMCIHUTENEH ¢
BApbUPYEMBIM COOTHOLIEHUEM IMPOU3BOJUTEIBHOCTH U AOCTOBepHOCTH. IIpoekrupoBanue OBM Takoro kuacca
BBIJIBUTACT PSAJ aKTyalbHBIX 3a]ad, K HanOoJiee CIOXHBIM M3 KOTOPHIX OTHOCHUTCS (popManbHas MHTEpIIpETaIus
npo6GiieM 06paboTKU HHPOPMALMK IPH AePUIUTE pecypcoB HanéxHocTH [3].

OnepannoHHBIE CHCTEMBI, OpPHEHTHPOBAaHHBIE Ha pealn3alHi0 aJTOPUTMOB B  MAaKpOYPOBHEBOM
MIPEICTaBICHUN, CTPOSTCS KaK WHTEPIPETATOPHI ONMEPATOPOB M IMPEKTUB 0a3hl MaKPOKOHBEHEPHBIX BBIYMCICHUN.
Hocturaemsrii  >¢dexT 3axmodaeTcss B MaKpOYPOBHEBOM YIIPABICHHWH IOCIEAOBATEIHHOCTRIO pealn3alnun
KOMIIOHEHT aJIropuTMa C IIOMOILIbIO ITIOTOKAa JaHHBIX W coObiTHil. Kpome toro, cnenmanuzanus ¢GyHKUni
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OTEPAalMOHHOW CHCTEMBI, COCTOSILAs B OPUEHTAIlMM Ha OPraHMU3alMI0 B3aMMOJCHCTBHMS KOMIIOHEHT aJrOpUTMA,
3HAYUTENBHO YIPOILIaeT BHIOOp CTpaTEeruM paclpeelieHHs PecypcoB BCTPOEHHOM MyINbTHIIpoLeccopHoit OBM s
00JIaYHBIX BBIYUCIICHUH.

B Hacrosimee BpemMsl MOXKHO BBIJENUTH [[BAa HANPABJICHUS pa3BUTHS IPOSKTHPOBAaHUS MHKpo-OBM
JUIsl 00NauHbIX BhIYMciaeHUd. [lepBas M3 3THX ABYX TEHIOCHLMH — CTpeMJICHHE K CO3JIaHHMIO MoOJelneil OonbLIoi
OOIIHOCTH W YHUBEPCANBHBIX CTPATETHH CHUCTEMHOTO MPOEKTHPOBaHUS MuKpo-OBM, a Bropas — paspaborka
YaCTHBIX Mojeneld Mukpo-OBM U chemuanpHBIX CTpaTeTHil CHCTEMHOTO MpOeKTHpoBaHUSA. HeoOxoammocThio
YaCTHBIX pealn3alnii CHCTEMHOTO MOAX0Ja 00YCIOBICHO MPOTHBOPEUNEM MEXAY d(PPEKTUBHOCTHIO U OOUTHOCTHIO
moaxona. HawmbGonee »¢¢extnBHa mPOOIEMHO-OPHEHTUPOBAHHAS AapXHUTEKTypa C THOKOW (YHKIHOHAIBHO
nepecTpauBaeMoi CTPYKTYpOil.

Jlnst yripaBieHHs pecypcaMy MyJIbTHIIPOIIECCOPA UCTIONB3YEM COBOKYITHOCTD NPOLERYp ONPENEICHHOTO THIIA,
Ha3bIBAEMBIX CHUCTEMHBIM MOHUTOPOM. KaIoMy MOHHTOPY INpEIOCTaBICHO HCKIIOYHTENBHOE NPaBO AOCTyNa K
cucteMHbIM Tabnuiam. OH OTBe4aeT 3a pacHpeiesicHHe pPecypcoB, B3aUMOCBSA3aHHBIX W B3aWMO3aBHCHUMBIX C
pecypcoM HaIeXKHOCTH.

CucreMHbIe aCNEKThI POEKTHPOBAHUS FAPAHTOCHOCOOHBIX BHIYHCICHU I

MO3KHO BBIIEIUTH CHCTEMHBIE M CTPYKTYpPHBIE CBOMCTBA, PACCMAaTPUBAEMbIE B CHCTEMHOM H CTPYKTYPHOM
aCIeKTaX COOTBETCTBEHHO. IIepBBI M3 3THUX OBYX B3aMMOCBS3aHHBIX ACHEKTOB OXBATHIBAET KOMIIIEKC BOIMPOCOB,
CBSI3aHHBIX C (YHKIMOHAJIBHBIMH BO3MOJKHOCTSIMH MHKPO-OBM mo oTHOmIEHMM K KiacCy pemlaeMblxX 3a1ad, U
(opMHpOBaHMEM MOHATHHHOrO ammapara o0ecledyHnBarollee KOMIIAKTHOE ONUcaHue U 3(P(GEKTHBHYIO peau3alio
aNropuTMOB 3aJlaHHOTO Kjacca. BTopoil acnekT HampaBieH Ha BHYTpEeHHee cTpoeHue MHKpo-OBM u ompenenser
MOJIX0/1 K BEIOOPY CTPYKTYpHI, o0ecreurBaoniei TpedyemMble moka3aTelii KauecTa.

CuctemMHBIE CBONCTBA XapaKTepHU3yIOT MHTErpajbHbIe KauecTBa MHUKpo-OBM, KoTOphle B 3aBUCHMOCTU OT
CIOXHOCTH MUKp0-OBM mnoppasnensioTcst Ha HeCKOJIbKO ypoBHeH. K 4umciy 3TuX ypoBHeH OTHOCHUTCS CIIOCOOHOCTH
pelaTh IOCTABJICHHBIC 33/a4M, OTPAXAMONINEe MOTEHIHANBbHYI0 3((EeKTHBHOCTh MHKPO-OBM. DOT0 KadecTBO
o0BEIMHSET TaKkWe  OINpENeNAIoNHNe  IMOTPEOMTENhCKYI0  [EHHOCTh —  CBOMcTBa  MHKpo-OBM,  kak
MIPOU3BOUTEIBHOCTD, HAAEKHOCTh OOECICUEHHsI pPa3JIMYHOro poja pecypcamu. CBOWHCTBa BTOPOW TPYIIIIBI
XapaKTepU3yloT BHYTpEHHee cTpoeHne MHUKpo-OBM. MMeHHO 3Ta rpynma cBOHCTB (hOpMHpYyeTCs B pe3yibTare
MIPUHATHS PELICHUsS MO BBIOOPY CTPYKTYPHI M CTPATErMH HCIOJIB30BAaHUS MHUKPO-OBM, Iesbl0 KOTOPBIX SIBIISIETCS
npuaane MUKpo-OBM HyXHBIX (yHKIIHOHAIBHBIX BO3MOXHOCTEH M MOTPEOUTEIHCKIX CBONHCTB.

Qopmanuzanusg  MuKpo-OBM, kak o00bexTa NPOEKTHPOBaHUS, OasupyeTcss Ha JBYX KOHIICTIIIHAX
MOJAETUPOBAHUA: APXUTEKTYpHOH U  CTpykTypHOoH. CorylacHO TepBOM KOHLENIIMM MOJENIb  OTpa)kaeT
(yHKIMOHAIBHBIE BO3MOXKHOCTH MUKPO-OBM B OTHOILIEHHH Kilacca peliaeMbIX 3a/1a4, COTJIACHO BTOPOW KOHILIEHIIMN
— HAaXOAWTCA B OTHOIICHHH CTPYKTYPHOIO IMOAOOMS €O CpeACTBaMM peaiu3anuu ainroputMa. Ilpu sToM
KOHIICNITYaIbHYI0 ~ 1IEJIOCTHOCTh ~ MOJENH  00ecredyrMBaeT TPAKTOBKA  apXUTEKTyphl Kak  COBOKYIIHOCThb
MOTPEOUTENBCKUX CBOWCTB M XapaKTEPUCTHK (YHKIIMOHANBHBIX BO3MOXHOCTEH MHUKpO-OBM, sBnstommxcs
BHEIIHMM MPOSBIEHUEM CBONCTB BHYTPEHHEro CTpoeHHs. OCHOBaHHOE Ha 3THUX KOHLENIUSAX MOJEIHPOBAHHS
onucanue MHKpo-OBM Oynem Ha3blBaTh apXUTEKTYpHO-CTPYKTYPHOHM MOENbIO, KOTOpas B OOIIeM ciydae MMeeT
CIEeAYIOIUMA BUA:

U=<S,AFX>,
rme S = {s: <So, R>} — MHOXeCTBO apXUTEKTYPHO-CTPYKTYPHBIX BapHaHTOB MHKPO-OBM, ompenensemoe
MUHUMAaJIbHBIM CTPYKTYpHBIM 0Oasucom So = {Soj} m mHOxkectBoM R = {Rd} omeparopoB m mporemypst

peoOpa3oBaHus CTPYKTYPHI;

{AC,AV} — MHOXECTBO XapaKTePUCTHK (YHKIMOHAJBHBIX BO3MOXXHOCTEH M YCTOHYMBBIX (MHBapUAHTHBIX
OTHOCHTEJIFHO NPpeo0pa3oBaHus CTPYKTYPhI) MOTPEOUTEIBCKUX CBOMCTB MUKpOo-OBM, Brinouatomee MHOkecTBO FC =
{ACk} HeympaBisieMbIX XapakTepHCTHK M MHOXecTBO AV = {AVn} ymnpaBnsembIXx XapakrepucTHk. OmnpejeneHue
MHOJKECTBa 3HAUCHHUH YNPABIAEMBIX XapaKTEepUCTHK CBOAUTCS K oTtoOpaxeHnto @ = {dn: S>AV(S)} MHOKkecTBa
CTPYKTYPHBIX BapHAHTOB MHUKPO-OBM Ha MHOXECTBO 3HaUEHHWH pacCMaTpHUBAaEeMON XapaKTEepUCTHKH. TakuMm oOpa3om,
MHOYKECTBO 3HAYCHHH KaXXI0W BapbUPYEeMO XapaKTePUCTHUKN MOXKET OBITh IIPEACTaBICHO B BUAE:

AV(S) = {av(s): <(S ={S = {s: <So,R>}), ®>}.

F: A>S0 — orobpakeHue, 3a1arouiee IPUBI3KY KOMIOHEHT apXHUTEKTYPHOIO OOJHMKA K CTPYKTYPHOMY 0a3ucy
MHKpPO-DBM;
X = {Xj} — MHOX€eCTBO BO3MOXHBIX CTpATEruil YIpaBiIeHUs CTPYKTYPOil MUKpOo-DBM.

[TocTraHOBKa 3a/1a91 IPOEKTHPOBAHUS O00JIAYHBIX BEIUMCICHUN, OPHEHTHPOBAHHBIX HA PEATM3AINIO aJTOPUTMOB,
CBOJIMMBIX K CHCTEME CITa0OCBS3aHHBIX W HE3aBHCHUMBIX OIEpaliii, OCHOBaHA Ha OTBICKAaHUH SPYCHO-TIApAJUICIEHON
¢dopmsel anroput™a. HaiineHHylo spycHO-TapaiiensHylo GOpMY alTOpHTMa ONHMCHIBAIOT OPHUEHTHPOBAHHBIM TpadoM,
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BEPIIUHBI KOTOPOTO OTOXKAECTBIAIOT C ONEpalusMu, a AYTd — CO CBS3SIMH U OTHOIICHUSIMH MEXIy HHMH.
OmnepanlioHHBIE XapaKTEPUCTHKA KOMIIOHEHT aJTOPUTMa OIMCHIBAIOT C IIOMOIIBI0 MHOXECTBa aTrpuOyTOB H
oToOpakeHHsI, 3aaolIero NMpPUBS3KY aTpuOyTOB K BepiminHam u ayram rpada. ChopmupoBanHas TakuM oOpazom
OIepalnroHHas MOJENb AITOPUTMA UMEET CIEAYIOIIUN BUA:

D=<G(Z,B), T, P>,

rae G(Z,B) — spycHo-napanienpHas Gpopma npeacTaBieHus rpada anropurMa, onpeaensemMas MHOKECTBOM
Z = (Zj) onepaunii u oTHOIIeHUEM B, 3amatomumm nHOOPMAITOHHEIC CBS3H HA MHOYKECTBE Z OTIepaIlHii;
T = {Tj}MuoxectBo arpu0yToB BepmuH u Ayr rpada G(Z,B);
P: T>G (Z, B) — otobpaxkenue, 3aaroliee MPUBA3KY aTpUOYTOB K BepIiHaM u ayram rpada G (Z, B).
I'moGansHOH 1eNBI0, TIPECciIeyeMO MPH MPOSKTUPOBAHUN MYJIBTHIIpOIieccopHoi DBM, sBisiercs onpeneneHne
HaWJIydlIero, NpH 3aJaHHBIX YCIOBUSAX, BapHaHTa AamllapaTHO-NPOrPaMMHBIX CPEICTB pealn3aliy aJrOpHTMOB
3aJaHHOTO Kjacca. B OONBIIMHCTBE CIydaeB ONTHUMAaNbHBIH BapuaHT MuKpo-OBM jpomkeH obecrieunBarth
9KCTpEeMalIbHOE 3HaYE€HHE BEKTOPHOTO Mokasatens dgdekruBHocTH. [1oaTOMY 3a1a4n BHIOOpA ONTUMAIBHOTO BapUaHTa
CpPEICTB pealu3alliy 3aJaHHOI0 AJIrOPUTMa, BOOOIE TOBOPs, He MMEIOT eJUHCTBEHHOro penieHus. Eciam nomyctumo
CBEPTHIBAHUE BEKTOPHOTO TMOKazaTeds d3()(EeKTHBHOCTH B CKAJISPHBIN, TO JaHHAs 3ajada CBOIUTCS K
ONTHUMHU3AIIMOHHON 3a/jaue OTHOKPUTEPUATIBHOTO THIIA, 00IIasi HOCTAHOBKA KOTOPOI HMEET CIEIYIOMINI BU:

R=<D,V, 0O, H, K, U, u*>,

rae D — MHOXecTBO mpoOiieM, CBSI3aHHBIX C pealn3ayeil aIropuTMOB 3aJaHHOTO KJIacca;

V — MHOKECTBO BO3MOKHBIX apXUTEKTYPHO-CTPYKTYPHBIX BAPHAHTOB MUKpPO-OBM;

O — MHOX€CTBO OTPaHUYEHUI, HAKJIaJbIBAEMBIX Ha CPEJICTBA PEATU3aLMK aITOPUTMA;

H — oroOpaxeHne MHOXECTBAa YHPaBIIEMBIX XapaKTEPUCTUK CPEICTB peaM3allMM 3aJaHHOTO alropuTMa Ha
MHO)KECTBE 3HaYCHUI MoKazaTesst 3pPpEeKTUBHOCTH;

K — noka3zarenb 3 peKTUBHOCTH CPEIICTB peanu3aluy 3aJaHHOTO aJITOPUTMA,;

U — MHOXECTBO JOIYCTHMBIX, YAOBJIETBOPSAIOUINE OTPAHWYECHUSM Ha CPEICTBA pealN3allH aJrOpUTMa,
APXUTEKTYpPHO-CTPYKTYPHBIX BAPHAHTOB MYJIbTHIIpOIiecCOpHOH DBM;

UM — ONITHMAaNbHBIA apXUTEKTYPHO-CTPYKTYPHBIA BapHaHT MYyJIbTHIIPOIiecCOpHO DBM.

Cuctema paspabarsiBaeTcs B BHJle Habopa 0a3MCHBIX MEXaHN3MOB, YIPABIISIO IIMX KOMITJIEKCOM aOCTpaKTHBIX
pecypcos. IToaToMy HET HEOOXOAMMOCTH BCTPAaWBaTh CPEACTBA yNPaBICHHS, HApUMep, 0a3aMH JaHHBIX, UX MOKHO
C03/1aTh TIOCPEACTBOM Oa3MCHBIX MEXaHW3MOB. BepTHkanbHas CTPYKTypa MO3BOJHMT ONTHMAJIbHO pEain30BaTh
PEXUM pEaNbHOrO BPEMEHH. YUYHUTHIBAs OTPaHHMYEHHE, UTO IPOLECCH! CIA0O0CBI3aHbI, POSKTUPOBAHUE CBOJIUTCS K
BBIJICJICHHIO HAa0Opa CIEUaIHM3MPOBAHHBIX (DYHKIIMOHAIBHBIX MPOLECCOPOB, MpeAHA3HAUYEHHBIX IS BBITOJHEHUS
(GYHKUIMIT pa3MuHBIX CUCTEMHBIX KOMIIOHEHT, HalpuMep, IUIAaHWPOBLIMKA, MPOrpaMM yIpaeieHus Qaiiinamu,
00paboT4ynKa AMPEKTUBHI 3alyCKa, MEXaHU3Ma nepeaadn/nprueMa cooOleHni WiIK ynpasieHus namsareio. Harpyska
MEXAY NPOIEecCOpPaMy JOJDKHA PACHpPeAeNaThCsa M0 BO3MOXXHOCTH PaBHOMEPHO. M30BITOYHBIE MPOLECCH OKHEI
YIPaBISATHCS OTICIBHBIMU IPOLIECCOPAMH, YTO JaeT MPEeHMYIIeCTBA IIPH OTKa3ax IMPOLECCOPOB, YIPABISIONIMX
OCHOBHBIMH IIpolieccaMy. MHUHHMHU3aIKs KOJINYECTBA NIPOLECCOPOB HE SABISCTCS OCHOBHOM LIENBIO, €ClH TpebyeTcs
o0ecreunTh BEICOKYIO Ha/Ie)KHOCTD CUCTEMBI.

[Tpu opranmzannu 00JaYHBIX BBIYMCIEHUI KPOME JOCTOBEPHOCTH BBIYHMCICHUH Ba)KHO BPEMS BBIIOJIHEHHS
3aJaun, TO €CTh TapaHTHpyeTcs BpeMsl NoiydeHHs pesynbTara. Kiacc 3ajgad, BpeMsi BBINOJHEHHS KOTOPBIX
rapaHTUpyeTcs, OTHOCHM /0 TapaHTOCNOCOOHBIX. [Ipu mpoekTtupoBaHuM MuKpo-OBM ¢ rapaHTtocnocoOHBIMU
BBIUMCIICHUSAMH, B KayecTBE ONTHMAJIbHOTO MapaMeTpa BHIOMpaeM KpUTEPUI HaMMEHBIIEro BPEMEHH pean3alluu
asroputMa. BeIOOp ONTHMAaIbHOTO BapHaHTa CPeACTB 00pabOTKN MH(POPMALUU OCYIIECTBISIEM C MO3HUIUH OJIX0/1a,
BOBJIEKAIOIIET0 B COBMECTHOE PACCMOTPEHUE 3aJaHHBII QITOPUTM U CPEACTBA €r0 Pealn3alyy.

CyLIHOCTh MpeiaraeMoro MoAxXoJa B PELISHHH MOCTABJICHHBIX 3a/ad 3aK/04aeTcsi B KOHCTPYKTHBHOM
oTOOpakeHNH TpobiIeM 00paboTkn WH(MOPMANUK Ha apXHTEKTypy MHKpo-OBM u mpoBeneHunm mnpeobpazoBaHUit
(bopMbI IIpe/ICTaBICHUS 3aJ]aHHOTO aJITOPUTMA M JJAaHHBIX, C OJJHOI CTOPOHBI, U CTPYKTYPBI CPEJICTB €ro peajn3alu,
C Jpyroil CTOPOHBI, HANpABJICHHBIX HA JOCTH)KEHHE OKCTPEMAaJbHOTO 3HAYEHHUs 1IeJeBOH (YHKIUU [pU
Y/IOBJIETBOPEHHUH CYIIECTBYIOMIMX OrpaHn4eHuil. KOHCTpyKTHBHOE 0TOOpaXkeHHe Npo0iIeM Ha apXUTEKTYPY MHKPO -
OBM cocrout B romoMopdHOM 0TOOpaskeHHH npobieM 00paboTKH HH(pOpManKy Ha Oa3y OpraHU3aluy BEIYHCICHUH
1 oToOpaXeHNH 0a3bl Ha APXUTEKTYPY MUKpO-OBM.

C 1enbl0 KOHCTPYKTHBHOTO OTOOpakeHHs MmpodiemM oOpaboTku MH(OpMaIyu Ha apXUTEKTYpy MHKpo-OBM,
MaKkCUMallbHas sIpyCHO-TIapajuiesibHast (popMa aJIropuTMa ONUCHIBACTCS ONEPAMOHHON MOJIENBIO, a 0OJMK MHUKPO-
OBM 3angaéres roMoOMOpQHBIM 0TOOpakeHHEM pobiieM 00paboTKH HH(OPMALUK HA APXUTEKTYPY MUKpo-DBM [4].
310 0TOOpakeHHE OMpEeAesieT MUHUMAIbHYIO COBOKYIHOCTh AaNNapaTHO-NPOrPAaMMHBIX CPEICTB, 00IaJaroIIux
HEOOXOIUMBIMH ISl Pealn3aludl alrOpuTMa CBOWCTBAMM, a ONEPAIMH NMPeoOpa3oBaHUsl CTPYKTYPBl 3TUX CPEICTB
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obecrnieynBarOT NOpOXKIeHHE MUKpO-OBM ¢ Tpebyemoit konurypauuneit. ®yHKIMOHATbHBIE BO3MOKHOCTH MHUKDO-
OBM onwuchIBalOTCS € NOMOILIbI0 OTOOpaXKEHHWs, 3aJaOLIEr0 MPHUBS3KY KOMIIOHEHT BHENIHEro oO0JHMKa K
CTPYKTYpHOMY 0a3ucy, NMpuuéM HeylpaBIseMbIM KOMIIOHEHTaM 00JMKa MHKp0o-OBM cOOTBETCTBYeT MHOKECTBO
HEYNpPaBISIEMbIX XapaKTEPHCTHK, a BapbUPYeMbIM — MHOXKECTBO 3HAUYEHHH MHOXECTBA  YIPaBISIEMBIX
XapakTepucTuk. TakuM o00pa3oM, apXUTEKTYpHO-CTPYKTypHas Mojenb MHKpo-OBM onmchIBaeT MHOXKECTBO
BapmaHTOB MHKpPO-OBM, ompenensembix 0a3oBoii Mukpo-OBM u HabopoMm mpouenyp mnpeoOpazoBaHHE €
apXUTEKTYPHI U CTPYKTYPHI [5].

OpraHunzanysi BEIYHCICHUNA TPH NePHUIUTE PECYpCOB HAASKHOCTH TpeOyeT paclpeleseHHs 3ajad MExIy
Iporieccopamu, 0a3upyrOmErocst Ha ampHOPHBIX U MPOTHO3HBIX XapaKTEPUCTHKAX PECYPCOB MPONU3BOAUTEILHOCTH H
Ha/IeXKHOCTHU IporieccopoB. Pacnpenenenne 3aaad MeXay MPOIECCOPaMH BKIIFOYAET UCXOTHOE pacIpeesiCHHE 3a1a4
MEXIy MpOoIeccopaMH W TIOCIEAYIOIIME pacIpeieieHus, CBA3aHHBIE C OTKa3aMH MpoleccopoB. DaxTuieckas
MIPOU3BOJUTEIBHOCTh  MYJBTHIIpPOIlECCOpPa OOJNAaYHBIX BBIYMCICHUI 3aBHCHT OT COOTHOLICHHS BPEMEHH,
3aTpayMBaeMoOro Ha pelIeHHE 3aJa4 BOCCTAHABIMBACMBIX 33JaHUI U BPEMEHH, 3aTpaylMBaeMoro Ha pelIeHHue 3ajad
rapaHTOCIIOCOOHBIX 3a/1aHUMH.

BrpiBoanbI

B cratbe paccMOTpEHO MOHATHE pecypca 00JaYHOTO OTKAa30yCTOWYMBOTO MYJBTHIIPOLIECCOPA PEATHHOTO
BPEMEHH W YNpPAaBICHHE MM IIOCPEACTBOM OMNEpAlMOHHOM cucTtemMbl. Ocoboe BHUMaHHE YIEICHO PacCMOTPEHHIO
abCTPaKTHOTO pecypca — HAAEKHOCTH, €T0 HMCKIIOYHUTENFHONW POJIM IPU IPOCKTHPOBAHWM MYJIBTHIIPOIECCOpPA CO
CBOMCTBAMU OTKa30yCTOWYUBOCTH.

g oO6HapyskeHHUs] OIINOKH HCIOIb3YeTCs TECT COJEPKAaTEIbHOCTH, BBHIIOJHEHHE NMPOLETyp JOCTOBEPHOCTH
wnmn  Tecta npuemsemoctd. Ilocine oOHapykeHHs OIIMOKM HEHMCIIPABHBIE KOMIIOHEHTBI JIOKAIHM3YIOTCS H
UCKIIIOYAIOTCA U3 BBIYUCIUTENBHOTO MIpolecca. CucreMa pekoHGUrypupyercs, 3alaHue IepepacupeiensieTcs Mex 1y
nporeccopamu. CBOOOIHBIE MPOLECCOPHI MHUIUAIU3UPYIOTCS M BKIFOUAIOTCS B BEIYMCIUTEIbHBIH MpoIecc.

ABTOpaMH mpemIokeHa M cOpMyIHpOBaHA OLEHKAa A(PQPEKTHBHOCTH MAAaHHOH OTKAa30yCTOWIMBOM
TexHosoruu. [Ipu yMEHBIIEHNH KOJIMYECTBA MPOIECCOPOB HIKE KPUTHIHOTO 3HAYCHUS, CUCTEMa JETPagupyeT, TO
€CTb IPOLECCHI ePePaCcCIPEAEISIOTCS CPEeIN HATMYHBIX IPOIECCOPOB, B TAKOM CJIydae IaJaeT MPOU3BOAUTEIFHOCTh
CHCTEMBI 0€3 yXyIIICHHUS KaueCTBaM.

CraTbs NOCBSIIIIEHA aKTyaJdbHOH NMpoOiieMe CHCTEMHOTO NPOEKTUPOBAaHMS OOJauyHBIX BBHIYMCICHWNA Ha 0Oase
0TKa30yCTOMYMBOTO MYJIBTHIIPOLIECCOPA PEATLHOTO BPEMEHH C BapbUPYEMBIM COOTHOIICHUEM MPOU3BOIUTEIHHOCTH
U JIOCTOBEPHOCTH INPH JePHIUTE PECYpCOB HA/ICKHOCTH U MMEET MPAKTUYECKYIO HAIlpaBlIeHHOCTh. PelieHa 3anayua
oToOpaXkeHHs MpodiieM 00paboTKH cloXHOM MH(OpManuu npu AedUIKUTEe PECYpCOB HAJEKHOCTH Ha apXUTEKTYpy
Mukpo-OBM. Omnucana HeTpagunuoHHass 0a3a OpraHM3allMKd BBIYHCICHUH pPAHXUPYEMBIX 10 YPOBHSAM
rapaHTOCIIOCOOHOCTH W PACCMOTPEHBI BONPOCH OOOCHOBAaHUS apXUTEKTYypel MHKPo-OBM ¢ BapsHpyeMbIM
COOTHOILIEHHEM TPOU3BOIUTEIIHLHOCTH U HAJEKHOCTH.
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