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Pabora BeimonHeHa Ha kadenpe «CucTeMbl aBTOMAaTU3UPOBAHHOIO IPOEKTUPOBAHUSA U
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Konaycosa Basentuna bopucosHa,
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OI'bOY BO  «OpenOyprckuii  rocyaapCTBEHHBIN
yauBepcuteT uMeHu B.A. bonmapenko», kadenpa
«CucreMbl aBTOMAaTH3AIIMN TTPOU3BOICTBAY, TPOQECCOp.

Benyumas opranuszanus ®I'BYH "Cankr-IlerepOyprexuii
DenepajibHbIA HCCJIET0BATEIbCKHNA HEHTP
Poccuiickoii akageMum HayK'.

Bammra cocroutcs «17» gexaGps 2026 r. B ° uWacoB Ha 3aceqaHHH
nuccepranoHHoro cosera 24.2.282.08, co3manHoro Ha 0Oaze ®OI'BOY BO
«Bonrorpanckunii rocy1apCTBEHHBIN TEXHUYECKUN YHUBEpCUTET» 110 anapecy: 400005, r.
Boarorpan, np. Jlenuna, 1. 28, ayza. 209.

C muccepranueil MOXXKHO O3HaAaKOMHUThCS B OmOnmoreke ®I'BOY BO «Boarorpaackuii
TOCYAapCTBEHHBIM TEXHHUYECKUH YHUBEPCUTET» H Ha O(UIMAIBHOM  cailTe
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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTh TeMbl HccJenoBaHuss. B HacTosmiee Bpems mnpoOieme
pazpabotkn 3pdextuBHBIX TporpamMmHbix cuctem (JIIC), wcmomp3yeMbIX B
FeTEpOreHHbIX BblUMCHUTENBHBIX cpenax (I'BC) ¢ paznuuHOl apXuTEeKTypol miis
pEIICHUs] BBIYMCIUTENIBHO-CIOKHBIX 33Ja4 B HAay4YHbIX M HWHXEHEPHBIX pacyeTax,
CUCTEMAaX HCKYCCTBEHHOIO HHTEJUIEKTa, yaensercs Oonpmoe BHUMaHue. ['BC
NPEACTABIIET  COOOM  BBIYMCIUTENBHYIO  CpEdy,  COAEpP)KALlyl0  HECKOJIbKO
BBIYMCIUTEIBHBIX  PECYpCOB, TPUYEM  MHOXKECTBA  OIEpPAldi, BBINOJHIEMBIX
Pa3IMYHBIMU PECYpCaMHU, PA3IUYHbI, KaXKIbIH pecypc UMEET CBOIO (DYHKIIMOHAJIBHYIO
cnenrann3annio. C TOYKM 3pEHHS] MNPOEKTUPOBAHUSA MPOTPAMMHBIX CHCTEM MOJ
rE€TEPOT€HHOCThI0 TMMOHUMAETCSl HUCIIOIb30BAHUE B COCTABE BBIYMCIUTEIBHON CpeEabl
HECKOJIbKUX THUIIOB YCTPOMCTB, KaXJI0€ U3 KOTOPBIX 00JagaeT COOCTBEHHOM CHUCTEMOM
koMaHa. [Iporpammuas cucrema (IIC) - CHOXHBIM TEXHUYECKHH  OOBEKT,
NOPEICTaBISIIOIIMIA ~ COOOM  COBOKYITHOCTh — B3aMMOJICEUCTBYIOIIMX  IPOrPaMMHBIX
koMrnoHeHTOB. [1C sBasiercst yacThio BeiunchnutenbHon cpeanl (BC), npencrapnsioieit
co00ll coueTaHue NMPOrpaMMHONM M anmapaTHOW YacTei, MPU 3TOM IOJ IMOBBIIIEHUEM
abpdextuBHocTH [IC moHMMaeTcss MuUHUMU3ALMA 3aTpar, cBsa3aHHbIX ¢ [IC Ha
paznuyHbIX ATanax sku3HeHHoro uukia (DKL), Bkirowas 3arparel Ha pa3paboTKy,
Moaupukanuio u 3kcmryatanuio [1C. DddextuBnocts [IC TecHO cBA3aHa ¢ MOHSATHEM
abdextuBHOCTH  ucnosb3oBaHuss [IC  BBIUKMCIUTENBHBIX  PECYPCOB,  KOTOpas
OINpEENSIETCS] CTENEHBI0 3arpy3KH BBIYHCIUTEIBHBIX pecypcoB (komrmoHeHToB BC),
YYacTBYIOIIMX B mpouecce BbluuciaeHui. D¢dexktuBHOcTh nonydaeMbix 1IC u psn
JIPYTUX XapaKTePUCTUK B 3HAYUTEIILHOW CTEMEHU 3aBUCAT OT KBaTU(UKAIIUU
pazpabotunka. Ha HavanbHBIX JTamax MPOEKTUPOBAHUS Pa3pabOTUYUKU YaCTO
UCHOJIB3YIOT 3BPUCTUYECKUH TOJAX0J K mnoBblmeHu0 3¢pdextuBHoctu [IC, s
JAJbHEUILIETO YIYYIIEHUS XapakTepUCTUK MonaydeHHbIX [IC ucnonb3yloT pa3iaudHbie
WHCTPYMEHTAJIbHBIE CPEJCTBA aHain3a u ontuMuzanuu. Oba yka3aHHBIX MOJXO0/a HE
rapaHTUPYIOT TOJYYEHUS HEOOXOAMMOro pe3yjbrara M, Ooiee TOoro, yKa3aHHbIE
METO/Ibl MPOEKTUPOBAHUS MOTYT NPHUBOAMTH K YBEIMYEHHIO BPEMEHH DPa3pabOTKH U
nocaexayromieit moauduxanuu I1C.

Heobxoaumo oTMeTHTb, 4YTO cTpaTerudyeckuii kypc P® opueHTHpoBaH Ha
pa3BUTHE  OTEUYECTBEHHBIX TEXHOJOTMYECKUX PpEIICHUH, YTO OOYCIOBIIMBAET
BO3pACTAIOIIMNA COPOC HA HMIIOPTO3aMEIIEHWE, B TOM YHUCJIE B CErMEHTE
BBICOKOMNPOU3BOIUTEIbHBIX BhiunciaeHui (BIIB) nns pemenus nHxkeHepHsix 3aaad. K
TaKUM 3aJlauaM OTHOCSITCS, B YACTHOCTH, BBIYUCIUTEIBHBIE SIApA JUIsl YHUCICHHOTO
MOJICJIMPOBAHUS, CTATUCTUYECKOIO aHaliM3a, MAIIMHHOTO OOYy4YEeHHs, T€OMETPHUUECKUE
aapa CAD/CAE-cuctem. JIOTOJHUTENBHYIO aKTyalbHOCTh TEME HCCIICOBAHUS
MPUIAIOT MPOTHO3BI, COrTacHO KoTophiM nosisi BIIB Ha peiHke uHOOpMAIMOHHBIX
TEXHOJIOTUA B OJM>KAMIIIME TO/IbI M IECATUIIETUS Oy1eT 3HAUUTEIHHO PACTH.

B 2024 romy VYkazom Ilpesunenra P® yrBepxknena CrpaTerusi Hay4dHO-
TEXHOJIOTM4Yeckoro passutus Poccuiickoi @Penepauuun. Llens crparerun —
«o0ecnevynTh YyCTOMYMBOE, NUHAMHYHOE W cOalaHCHUpOBaHHOE pa3Buthe Poccun Ha
JOJITOCPOYHBIN nepuo». OQHUM U3 HANPABJICHUN CTPATETHH, IO3BOJISIOIINX MTOJTYYUTh
3HAQYMMBbIE HAYYHBIE U HAY4YHO-TEXHMYECKHE pE3YJbTaThl, CO3/1aThb OTEYECTBECHHBIC
HAyKOEMKHE TEXHOJOTHU SBISETCA  «IEpexXoJ K IEpPeJOBbIM  TEXHOJIOTHSM
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MIPOEKTUPOBAHKUS M CO3JAHUSA BBICOKOTEXHOJOTMYHOW MPOAYKIMH, OCHOBAaHHBIM Ha
NPUMEHEHUU UHTEJUIEKTYaJIbHbIX MPOU3BOACTBEHHBIX PEIICHUM, POOOTU3UPOBAHHBIX U
BBICOKOIIPOU3BOJAUTEIBHBIX ~ BBIYMCIHUTEIBHBIX CUCTEM, HOBBIX MaTEpUalIOB U
XUMHUYECKUX COCIUHEHHM, pe3yabTaToB 0O0pabOTKH OOJbIINX OOBEMOB JaHHBIX,
TEXHOJIOTUIA MAIIMHHOTO O0YYEHUSI U UICKYCCTBEHHOTO MHTEIIJICKTA.

[IpaButensctBo P® B 2020 1. yrBepauno Ilporpammy ¢dyHAaMEHTaTIBHBIX
Hay4HbIX HccaeaoBanuil B Poccuiickoil @enepanuu Ha AOATOCPOUHBbIi nepuon (2021 -
2030 rompl), B KOTOpOH TOMUYEPKUBACTCS HEOOXOMUMOCTh «CO3JaHUS METOJOB,
aNrOPUTMOB, MHCTPYMEHTAJIBHBIX CPEJICTB M MAKETOB MPUKIAAHBIX Iporpamm st BC
CBEPXBBICOKOW  MPOU3BOAUTEIBHOCTH»,  pa3pabOTKU  «TEOPETHUYECKHMX  OCHOB
BBIYMCIIUTEIBHBIX METOJOB M QJITOPUTMOB JJISi KOMIIBIOTEPHBIX CHCTEM BBICOKOM
npousBoauTeNnbHOCTHY. [lomuepkuBaercss BaxkHOCTh mpuMeHeHuss BIIB, kortopsie
OKa)XyT OOJIbIIIOE BIMSIHUE Ha pa3BUTHE QyHIAMEHTAIBHBIX HAYK.

Takum 006pa3om, TeMaTHKa UCCIICIOBAHUS SIBIISIETCA aKTyalbHOM.

Crenennb pa3pa0oTaHHOCTH TeMbl HcciaeaoBaHusi. B mporecce pa3zpaboTku
nporpaMMHbIxX cpeactB B coorBerctBur ¢ ['OCT P MCO/MBK 12207-2010 paznmugarot
JBa TUNa padboT (BUIOB JIESITEIHLHOCTH): CUCTEMHBIC U MporpaMMHbIe. [Ipu BbITOTHEHUH
paboT MPOrpaMMHOIO THUIA I[IMPOKO HCMOJB3YIOTCA CpPEICTBA aBTOMATHU3alUU
npoektupoBanus [IC, npencrapistonie co0oii HAOOP METOAO0B U MHCTPYMEHTAIbHBIX
cpencTB, m3BecTHBIH kak Computer-Aided Software Engineering (CASE) (I'OCT P
NCO/M3K 14764-2002). B coctaB CASE BXozsT cpelcTBa aHAN3a, IPOSKTUPOBAHHUS
u mporpammupoBanus [IC, CASE-cpeactBa ompenensitorcs Kak NpOrpaMMHBIE
cpeactBa Juisi nojjepkku skuzHeHHoro 1ukia I1C. Texnomorun CASE mnpusBaHbl
NMOBBINIATH YQ(YEKTUBHOCT,  TMPOIECCOB  MPOSKTHPOBAHUA W MOJIU(UKAILINH,
CIIOCOOCTBOBATh  IMOBBIMICHUIO HAIEXKHOCTH M YIOPOIIEHUIO  COMPOBOXKICHUS
co3nanHbix npu nomoiu CASE-texnonoruii 11C.

Pa3zpaboTke MeTonoB, mpeaHa3HauYeHHBIX Uil moBbiieHUs dhdextuBHoctu I1C
anss 'BC ¢ pasnuyHOM apXUTEKTYypO#, a Takke peanu3alus 3TUX METOJ0B B BHUJIE
CASE-texHomornii mocBAIIeHB! pabOTHI psima HCcleaoBaTeNeid. Tak, Hampumep,
KOJUIEKTHBaMHM MoJ pykoBoAcTBOM BoeBoauna B.B,, Boesonuna Bi.B., ['eprens B.IL.,
Kansea N.A., Korenko U1.B., Caenko U.b., Camapckoro A.A., Tonopkosa B.B. u ap.
MPOBEJICHO MHOXKECTBO HCCJICIOBAHUM 10 pacnapauieIMBaHUIO  BBIYUCICHUN,
pa3paboTKe METOJIOB M aJITOPUTMOB NapajuieIbHOW 00paOOTKU JaHHBIX, UCCIICIOBAHUIN
B 007acTH  BBICOKOIIPOU3BOJMTENIBHBIX  BBIYMCICHUM. bBosbIioe  KOJIMYECTBO
MCCIIEIOBAHUM MOCBSIIEHO UCIOJIb30BAHUIO CIIEUAIM3UPOBaHHbIX yckoputenei, BC ¢
pexoHpurypupyemoii apxurektypoit (pabotet Kamsera M.A., 3aboposckoro B.C.,
Jleuna N.U., Pomwxuna A.JL., Slky6oBckoro M.B., u nap.). 3HaunTeapHOE BHUMAaHUE
uccienoBarenei yaensercss mpooiemMaM MmoBbIeHUs 3QGEeKTUBHOCTH aITOPUTMOB MPU
pEIIeHNN KOHKPETHBIX MPUKIAJHBIX 3a1ad. JlaHHbIE BOMPOCH OCBEIICHBI B paboTax
BoeBoauna B.B., Boesonuna Bin.B., I'eprens B.I1., Optera [Ix., Jemmens k., ['omy6a
Jx., Ban Jloyna Y., Jonrappa k.,  muackoro b.M., u np.

B T0 k€ BpeMsi CTOUT OTMETUTH rOPa3l0 MEHbIIIEE YUCIIO UCCIEIOBAHUM 10 KEII-
ONTUMM3ALMU U BEKTOPU3ALIMK BBIYUCIICHUH, pa3paboTKe Mojiesel, npeqHa3HaueHHbIX
JUTsl IOBbIIEHUST 3P deKTUBHOCTH npoekTupyembix IIC, u co3gaHuio Ha OCHOBE ATHX
mozeneid CASE-cpenctB. MeTonbl, UCNosib3yeMble ISl MOBBIIIEHUS 3()()EKTUBHOCTH


https://bigenc.ru/c/nadiozhnost-c725e4

BEKTOpH3allMM BBIUMCIICHHUH, ocBelieHbl B padorax: C.Jlapcen, JIx.JIny, (Superword
Level Parallelism, SLP), Hd.Hysman, M.Po3zen, A.3akc (BekTopu3anus 0OpabOTKH
YepeayIolnXCcsl JaHHBIX ¢ MpoMexyTkamu), A. OiixenOeprep, I1.By, K.O’bpaiien
(uccnenoBaHuE  BOMPOCOB  BBIPABHUBAHUSL  JIAHHBIX), NYen, YMenmuc u
np.(ucnonp3zoBanue Single Instruction Multiple Operation Multiple Data, SIMOMD),
A .Hy3sman, A.3akc, C.barcopxu (mmocTpoeHue ONTUMHU3UPYIOUIUX KOMIIWISTOPOB C
omoxamu aBToBektopuzanuu, Intel C++ Compiler, GCC) u np. B obmnactu paspabotku
Mozeneit mpoektupoBanusi [IC 1 MeTO/IOB, OCHOBAHHBIX HA ATUX MOJEISIX U3BECTHBI
UCCJIEIOBAHUSI, CBSI3aHHbIE C pa3paboTkoi moxeneit BC ¢ nepapxudeckoil CTpyKTypoi
namsata (C.Yuibsme, Jx. Tpeiiour, X.Cenrerensb, K.Joros, T.Jloy, M.®puro u ap.).
Mertonpl, HCHONB3yEMBbIE I YIYYIIEHHWS CTPATETMH KEIIMPOBAHUS JaHHBIX,
onuchiBatoTcsl B padotax: d.I'ycraBcon, J»K.MakkomMO (MHOXECTBEHHAsI peanu3alius
QITOPUTMOB M AMITUPUYECKUH 1MouCcK napameTpoB), P.Yaiimu, [Ix. lourappa, [.bunwmc,
JIx.Jlemmenb (aBTOHAcTpoMKa C HMCHOJB30BaHHEM TeHepauuu koxaa), J.CmammnuHato,
[.bentep, K.Banr (aBTOHacTpoiika C UCIOJIB30BAHUEM AHAIUTHUYECKUX TEXHUK),
KHoto, T.Jloy (aHaIMTHYeCKWil IIOMCK IapaMeTpoB) M Jp. AGCOIIOTHOE
OOJBIIMHCTBO MPEIJIOKEHHBIX MOJIEJIEd OPUEHTUPOBAHO Ha pEUIeHUE 3aJlayu
YMHOXEHUSI TJIOTHBIX MaTpuil. [Tpu 3TOM aHaIUTHUYECKUE MOIXO/Ibl, ONIMCAHHBIC B PAJIC
paboT, HE MpeanoJiaraloT aBTOMAaTH3alWHU, IS KaXIOro HOBOIO MpeoOpa3zoBaHUs
TpeOyeTcss NPOBOAUTH OTAENIbHOE HccieqoBaHue. OTMedaercs TakkKe CI0XHOCTh
MPOBEJICHUSI TTOJA00HOTO aHaidu3a, TpeOyrolas HaJIU4Ydsl BBICOKOW KBaIM(UKAIUU U
psiga KOMIIETEHIIMHA y HccienoBarens-pazpadborunka. st GOJIBIIMHCTBA TOJIXO0JI0B
HE0OX0oMMM  HemocpeACTBeHHBIM nmoctynm k BC, Ha koTopoil IuUIaHMpyeTcs
ucrnoibs3oBanue uccienyeMoix 11C. Kpome Toro, mpeasioxkeHHbIe METOJIbI MOJIyYEHUS
HEOOXOJMMBIX  XapaKTEPUCTUK TPOCKTHPYEMBIX  aJTOPUTMOB  OMHUPAIOTCS  Ha
AHAJIUTUYECKOE MOJEIUPOBAaHUE, KOTOpPOE, KaK TMpPaBWUIO, BBINOIHACTCS  JJIs
KOHKPETHOTO CeMeHcTBa MHUKporpoueccopoB. [lpu 3ToM aBTOpPhl METOAMK HE
npeiararoT UHQOPMAIIMOHHBIX CUCTEM, ABTOMATU3UPYIOIINX JTaHHBIN MPOIEcC.

Takum oO0Opa3oM, CIOXWIACh HpPOOIEeMHaAA cumyayus, CYUTHOCTb KOTOPOM
3aKJIIOYAETCS B TOM, YTO:

— OTCYTCTBYIOT WJIM SIBJISIOTCS HEMOJIHBIMM CYIIECTBYIOIIME TOAXOIbI K
pazpabdotke OJIIC, KoTOphle MOTYyT HCHOJB30BAThCS HA HAYAJIBHOM  JTare
MPOCKTUPOBAHUS M BepUPUKAIIUN aJTOPUTMOB

— WCCIIeIOBAaHUs W pa3pabOTKu B chepe aBToMatuzaruu mpoektupoBanus [1C
YacTO UMEIOT YaCTHBIN XapakTep;

— moaxoasl K moBblieHu0 dddektuBHoctu [IC, ocHOBaHHBIE Ha Kell-
ONTUMHU3AIMA W BEKTOPU3AIMM BBIYUCICHUMN, SBISIOTCA HEMOIHBIMH M HMEIOT
CYILLECTBEHHbIE HECOBEPILIEHCTBA

— CYIIECTBYET HEO0OXOAUMOCTh pa3pabOTKH OTEYECTBEHHBIX MPOTPAMMHBIX
pelIeHni, HarpaBJIeHHBIX Ha npoekTrpoBanue J1IC.

B mnpoextupoBanuu IIC mns I'BC BbisiBieHa (yHAaMeHTaIbHAs NpodJieMa:
HAyYHO-TEXHUYECKHE TOAX0Mbl K mpoektupoBaHuio JIIC o6mamaroT CymiecTBEHHON
HETMOJHOTOM M MMEIOT YAaCTHBIM XapakKTep, YTO OKa3bIBAET CYIIECTBEHHOE BIIMSHHUE Ha
BBIOOD cTpareruu nosbiieHust 3¢ dextuBHocTH [1C.



HayuyHo-TexHu4eckasi mpo0JjieMa HCCIEOBaHUS 3aKIIOYaeTcs B pa3paboTke
HOBOI'O METOAOJIOTMYECKOrO0 IMOAXO0JAa K aBTomaru3auuu mnpoektupoBanusa I[IC,
CBA3aHHOIO C CO3JaHHEM MOJEJEH, METOJIOB M aJIrOPUTMOB, IPEIHA3HAYEHHBIX IS
nosbitieHust 3pdextuBHoctu [IC nmns pemenuss umxkeHepHbix 3amad B [BC Ha
pa3nuuHbix dTanax JKILI.

Ienau u 3apaumn.

Heabi0 padoThl sBISIETCS pa3padOTKa HAYYHBIX OCHOB MOJJIEPKKH KU3HEHHOTO
[MKJIa OPOEKTUPYEMBIX MPOTPAMMHBIX CHUCTEM JJIsl PEIICHUS WHXKEHEPHBIX 3a/lad B
rE€TEPOTE€HHBIX BBIYUCIUTENBHBIX CPENAX.

JUist  TOCTHDKEHMsI 11eJId  UCCJIeIOBaHUs B pabOTe€ TMOCTABJICHBI W  PEIICHBI
CIEAYIOIINE 3a0a4UM:

1. UccnenoBarh CyIIeCTBYIONINE HAYYHO-TEXHUUYECKHE MOAXOJbI, TPUMEHsIEMbIE
JUTSl IPOEKTUPOBaHUs U noBbIeHus 3¢ dexrusHoctu [1C.

2. Pazpabotats Metomonoruto mpoektupoBanus [1C ans penieHuss MHXEHEPHBIX
3anay B ['BC, noBeimaronryro ¢ dextuBHocts 11C Ha Beex atanax XKL, BKItoyarouyro
OCHOBHBIE TPOEKTHBIE MTPOLIETYPbI, MOJIEITN U METO/IBI:

— KOMITBIOTEPHBIE MOJENHN onTUMaIbHOro npoexkruposanus [1C s I'BC;

— meroAs! nossiienus 3¢ dextuBHocTu 11C nnsa 'BC.

3. BepuduuupoBars co3gaHHyro Meroposnoruto npoektupoBanus OIIC Ha
pUMepe MPAKTUYECKHA 3HAYMMBIX BBIUUCIUTEIIBHO-CIIOAKHBIX 3a7a4.

4. PazpaboTaTh apXUTEKTYpHBIC U MPOTPAMMHBIE PEUICHUSI CUCTEMBI MOICPKKU
YKU3HEHHOTO LKKJa npoektupyemsbix 11C.

B pabote B kauecTBe 00beKTa MCCAEAOBAHNUS BHICTYIAET Xu3HEeHHbIN ki [1C
I pelIeHus MHXKEeHEpHbIX 3amad B ['BC, a mpeamerom ucc/ieioBaHMsI SBISIOTCA
MOJICNIA, METOJIbl W QJITOPUTMbl ABTOMATH3alUU TPOECKTUPOBAHUS JUISl MOBBIIICHUS
s dextrBHOoCcTH [1C B I'BC Ha paznuunbix 3Tanax kuzHeHHoro mukia [1C.

Hayunas HoBM3Ha. BriepBble mpejiokeHa COBOKYIHOCTb MOJIETIEH U METO/IOB
MOAJACPKKU JKU3HEHHOTO ITMKJIA TPOTPaAaMMHBIX CHUCTEM ISl PEIIEHUS WHKEHEPHBIX
3a/lay B T€TEPOre€HHbIX BBIUUCIUTENBHBIX Cpelax, peaan3yronias KOMIUIEKCHBIA MOIX0/T
K MOBBITIICHUIO A (HEKTUBHOCTH MPOTPAMMHBIX CUCTEM, BKITFOUAIOIas B ce0s:

1. Monens ynyumienus: mokazarenedl 3¢G@(EKTUBHOCTH TPOTPAMMHBIX CHCTEM,
OCHOBaHHasi Ha MeETOoJaxX CTaTUYECKOr0 aHajlin3a MCXOJHOIO0 KOJa U OLEHKHU
annaparypHo-BpeMeHHON cioxkHocTh [IC, oTiiMyaromascs oT M3BECTHBIX NEPEHOCOM
stana aHanm3a 3¢ dexktuBHocTH [IC ¢ AMHAMUYECKOTO aHaIM3a TOTOBOTO MPHIIOKCHUS
Ha CTaTUYECKUN aHaJIM3 MCXOJHOI0 KOJa, MO3BOJSIONIAs CHU3UTh KOJHUYECTBO
UTEpaIil MPOEKTHBIX MPOLEAYp Ha ATanax pa3padoTKu U MOAMQPUKALNU KU3HEHHOTO
nukia [1C (. 3, 10 macnopra crienuaibHOCTH).

2. Marematuueckass MoOJelb  OUEHKH A((PEKTUBHOCTH  MPOEKTHPYEMBIX
NpPOrpaMMHBIX CHCTEM, OCHOBaHHasi Ha KiacCU(UKAIMU TMOACUCTEM LIEJIEBON
BBIYHMCIIUTENLHON apXUTEKTYPhl, OTJIMYAIOLIASACA OT U3BECTHBIX COBOKYITHOCTHIO HOBBIX
MeTpuk [IC u o60ocHOBaHHEM UX TPUMEHUMOCTH, YTO MO3BOJISET HA PA3JIMYHBIX dTarax
K11 kommnekcHo ouenuTh [IC mpu sKCrulyaTalii B TE€TEPOTE€HHBIX BBIYMCIUTEIBHBIX
cpenax. (1. 6 macnopra CeluaIbHOCTH).

3. AHaIUTUYECKUN METOJ OIpeNeseHUs] MaKCUMaJbHOTO pa3Mmepa Ojoka mpu
peryispHOM JOCTyl€ K JaHHBIM, OCHOBAaHHBI Ha OTOOpPaKEHWU MHOXKECTBA



KEIINPYEMBbIX JTaHHBIX HAa MHOYKECTBA KEII-NIAMATH, OTJIWYAIOLIUNCA OT W3BECTHBIX
IOpsIMBIM CIIOCOOOM pacyeTa NapaMeTpoB PETYJSPHBIX MIA0JIOHOB JOCTyNa K JAaHHBIM,
MO3BOJISIOIIMN BBIOMpPATh IMapaMeTpbl aIrOPUTMOB, MHUHHUMH3UPYIOIIME KOJIWYECTBO
KEII-IPOMAXOB MpH JocTyne K pAaHHbIM mnpoektupyemon IIC. (m. 6 macnopra
CIEUAIBHOCTH).

4. ImuTanmoHHass MOJENb  HMCIOJHEHHMsST porpaMMbl B T€T€POTrE€HHBIX
BBIYMCIIUTEIBHBIX CpENax C HEPapXMUECKOM CTPYKTYpOM IaMATH, OCHOBAHHAas Ha
MHOKECTBaX CUCTEMHBIX M IIOJIb30BATEJILCKAX OINEpalui, I BIEPBbIE HCIOJb30BAH
HOJIHBIA HAOOp NapaMeTpoB, XapaKTEPHU3YIOIIMX pa3IUYHbIE YPOBHU IOJCUCTEMBI
IaMATH, YTO IIO3BOJISET OIPENEIATh XapaKTEPUCTUKH IMPOrPAMMHBIX CHCTEM Ha
KOHKPETHOM LEJIEBOM BBIYHMCIUTEIBHON AapXUTEKType, a TaKXKe XapaKTEPUCTHKU
noJicucTeMsl namsaTH 11 npoektupyemoit [1C. (. 8 macnopTa crienuanbHOCTH).

5. Kommexkc MeTonoB mnoBbIIEHUS 3(PGEKTUBHOCTH MPOrPAMMHBIX CHUCTEM,
OCHOBAHHBIN Ha MPEIOKEHHBIX MOJIETAX (1. 6 macmopTa CleHUaIbHOCTH):

— METOJ MCIOJIb30BAaHMS MOJICUCTEMBI ITAMATH, B KOTOPOM BIEPBBIE PEATU30BAH
aHAJMTUYECKUN mojaxon K oreHke 3ddexktuBHOCTH mpoektupyembix I[IC Ha 06aze
coBOKynmHocTr MeTpuk [IC, mo3BONSIOMNNA OCYIIECTBUTH YIYYLIEHHUE CTPATEruu
KEIIMPOBAaHUS JAHHBIX B T€TEPOTCHHBIX BBIYMCIHUTEIBHBIX CpEllax C HUEPAPXUUYECKOU
CTPYKTYPOU IaMsITH;

— METOJl BEKTOpPHU3AllMM BBIYMCICHUIN, B KOTOPOM BIIEPBBIE PEAIM30BaH HOBBIN
cnoco0 BEKTOpPHOM 0OpaOOTKM JaHHBIX, YTO I[O3BOJIIET M30€XaTh MOTEPb
IIPOU3BOJAMUTEIILHOCTH IPOIrPAMMHBIX CUCTEM B F€TEPOr€HHBIX BBIUUCIUTEIBHBIX CPEIax
IIPU IOCTYTIE K JTAHHBIM;

— meroA ucnoas3oBanusa GPU, B KOTOpom BHEpBbIE peaan30BaH aHAIUTHYECKUN
NOAXO0J K OLEHKE 3(P(EKTUBHOCTH MPOEKTUPYEMBIX NPOrPAMMHBIX CUCTEM Ha 0Oasze
COBOKyIMHOCTH MeTpuK lIC, mo3BOJSIOIIMKA TTOBBICUTH YPOBEHB 3arpy3Kd M CTENEHb
cOAJIaHCUPOBAHHOCTH 3arpy3KH MOTOKOBBIX MPOLECCOPOB.

6. Metononorusi npoekTupoBaHus 3G(HEKTUBHBIX TPOTPAMMHBIX CHUCTEM IS
pELICHNS] MHKEHEPHBIX 33J1a4 B T€TEPOTrE€HHBIX BBIUYMCIUTENBHBIX CPENAX, OCHOBAHHAs
Ha wWcciaenoBaHuu ku3HeHHoro 1wkia [IC, BmoepBele peanusyromas IMOIXO.
HEIPEPBIBHOTO YIydlIeHUs1 nokasarenedl npoektupyemsix [IC, ornaudyaromasics ot
M3BECTHBIX peaju3alued NPeIOKEHHBIX MOJEIEM U METOAOB, KOTOpas IO3BOJISET
OpPUHUMATh  TMPOEKTHBbIE  pemieHus 1o  d(QPEeKTUBHOMY  HCHOJIB30BaHUIO
BBIYHCIIUTENBHBIX PECYpPCOB Ha HayalbHBIX ATamax skuzHeHHoro uukna [1C (mm. 1,4
MacropTa CreluaIbHOCTH).

Teopernueckasi M NpakTU4ecKasi 3HAYUMOCTH padOThI.

Teopernueckasi 3HAYUMOCTH JUCCEPTALMOHHOIO HCCIENOBAHUS COCTOUT B
pa3paboTke M Hay4dHOM OOOCHOBAaHMM HOBOIO METOJOJOTMYECKOT0 MOAX0Jda K
MPOEKTUPOBAHUIO I(P(EKTUBHBIX MPOTPAMMHBIX CHUCTEM [UJISl PELICHUS WHXKEHEPHBIX
3alad B TETEPOr€HHBIX BBIYMCIMTEIBHBIX cpeAax. B oTiauume OT CylecTBYIOMIMX
NOJXOJ0B,  MPEMJIOKEHHAss  METOJOJIOTHsl ~ OOecrneunmBaeT MEpPeHOC  aHalln3a
3¢ (GEKTUBHOCTH C 3aBEpIIAIOIIMX JTAOB >KU3HEHHOTO IMKJIa Ha paHHUE CTaJuu
IIPOCKTUPOBAHMS 3a CUET MCIIOJIB30BaHUS KOMIUIEKCA HOBBIX MOJEJIENM U METOOB:
MaTeMaTUYeCKOW W HWMHTAIMOHHON Mojened oreHkd dS(PPEeKTUBHOCTH ¢ HOBOU
COBOKYITHOCTBKO METPHK, & TAaKXKE€ AHAJUTUYECKUX METOJIOB AHAJIN3a W IOBBIIICHUS



MPOU3BOAMUTENILHOCTU. TeM caMbIM paboTa BHOCUT BKJIAJ B pPa3BUTHE TEOPUU
aBTOMATH3allUM IPOECKTUPOBAHMS H KOMIIBIOTEPHOIO MOJEIMPOBAHUS, CO34aBas
dbopManbpHBIN anmapar AJis CUCTEMHOTO, KOJMYECTBEHHO OOOCHOBAHHOTO TMOBBIIICHUS
3¢ (HEKTUBHOCTH MPOCKTUPYEMBIX MPOTPAMMHBIX CHCTEM.

IIpakTHYeckass 3HAYUMOCTDb JIHCCEPTALMOHHOTO HMCCIIEIOBAHUS OIPEACIIACTCS
CO3JaHMEM KOMILUIEKCHOTO MOJXO0/a, MO3BOJIAIOIIEr0 PEIlaTh 3aJadyd aBTOMAaTU3aLUU
NPOEKTUPOBAHUA U TOBBIIEHUS J(PGEKTUBHOCTH MPOTPAaMMHBIX CHCTEM  JJis
WHXEHEPHBIX M HAy4YHBIX PACYETOB B IE€TEPOr€HHBIX BBIYMCIMTENBHBIX cpenax. Ha
OCHOBE TMPEUIOKEHHBIX MO M METOJOB pa3paboTaHbl aApPXUTEKTypa U
MporpaMMHasl peajn3alus CUCTEMbl MOJIEPKKH KU3HEHHOTO IIMKJIA, BKIFOYAOIIAs
CTaTUYECKUN aHamu3aTop Koja ¢ (PYHKIMSMU YaCTUYHO-IMHAMHYECKOro aHanuza. B
CUCTEME PEAIN30BAH KOMIUIEKC QITOPUTMUYECKUX PEMICHUH 10 ONTUMHU3ALUU
CTpaTerui KEIMPOBaHUs, BEKTOPU3aLMM BBIUMCICHUN M ucnoias3oBanuro GPU. Otu
pELIEHHUS TMO3BOJISIIOT CHU3UTh 3aTPAThl U TPYJOEMKOCTh NPOEKTUPOBAHHUS, YMEHBIINUTD
TpeOOBaHMS K YPOBHIO KOMIETEHIIMI pa3pabOTYMKOB 3a CYET aBTOMATHU3ALMU aHAJIN3a
a¢dextuBHOCTH I1IC HA paHHUX 3Tanax KU3HEHHOTO LUKIIA.

[IpakTHdeckass IEHHOCTh pE3yJbTATOB TMOATBEpIKIAETCS peructpanmein 9
nporpamm it OBM U BHeapeHHeM pa3paOOTaHHBIX PEIICHUH B MPOMBILUICHHYIO
NPaKTUKY, YTO OTPAXEHO B aKTax BHeApeHHs. B xone Bepudukanuum Ha peanbHBIX
3a/layaXx JOCTUTHYTHl 3HAQUUTENbHbIE KOJUYECTBEHHBIE YIYUYLIEHUS: YCKOpPEHUE
BBIYMCIICHUA 710 4 pa3 Npu OJHOBPEMEHHOM MOBBILIEHUU 3SHEProd(h(PeKTUBHOCTH.
COBOKYIIHBIM  TOJOBOM JKOHOMHYECKHH d(h(EKT OT BHEAPEHUS pPE3yJIbTaTOB
JMCCEPTAIIMOHHOTO MCCIICA0OBAaHUS COCTaBIII 2,8 MIIH pyoO.

MeTopnoJ10rust ¥ METOABI HCCaeN0BaHMA. /IS pelIeHNs TOCTABICHHBIX 3a/1a4 B
paboTe HCHOIB3YIOTCS METOJbl OOBEKTHO-OPUEHTHPOBAHHOTO IMPOTrpaMMHUPOBAHMUS,
BBIYMCIIUTEILHON MaTeMaTUKU M TEOPUHM AITOPUTMOB, METOAbl MAaTEMaTHUYECKOTO W
MMHUTAIMOHHOTO MOJEIUPOBAHUs, METOJbl aBTOMAaTU3UPOBAHHOIO MPOEKTHUPOBAHUS U
CASE-TexHooruii.

IHos10:keHHsA, BBIHOCMMBbIE HA 3alIIUTY.

1. Mopens ynydiieHus mokazarenedl 3((EKTUBHOCTH NPOrPAMMHBIX CHCTEM,
MO3BOJISIONIAS CHU3UTh KOJIMYECTBO HUTEpalMii MPOEKTHBIX MpOIEAyp Ha 3Tanax
paszpabotku u moaupuxanuum XL I1C.

2. Martematuueckass Mojeiab OIeHKH 3hdeKkTuBHOCTH TpoekTupyembix [IC,
no3BoJIstomas Ha paznuyHbix Tanax XKL kommiekcHo ouennts [1C npu skcmmyaranuu
B F€TEPOTCHHBIX BBIYMCIUTEIBHBIX CpElax.

3. AHaJIUTHYECKUH METOJ OIpeneseHUs] MaKCUMalbHOro pa3mepa OJoka mpu
PErYISIPHOM JIOCTYN€ K JAHHBIM, MO3BOJSIIOUIMI NPOU3BOAUTH HCCIIEIOBAHUE
nokazareneid 3(p(EeKTUBHOCTH HCIOJB30BaHUS MOJICUCTEMBl MaMSTH MPOEKTUPYEMBIX
I1C.

4. ImuTanimoHHasi MojeNb HucrojHeHus: mnporpamMbl B 'BC ¢ uepapxudeckoit
CTPYKTYpOU MaMsTH, MO3BOJISIONIAs ONpeesaTh Texuuueckue xapakrepuctuku [1C na
KOHKPETHOM UEJNEBOM BBIYUCIUTENBHON apXUTEKTYpPE, a TAKKE XapaKTEPHUCTUKU
MOACUCTEMBI TaMsITH 11 npoekTupyemoit T1C.

5. Komrmiekc metonoB noBsiieHus s¢dexrusaoctu I1C:



— METOJ MOBBILIEHUS I(P(PEKTUBHOCTH MCIONb30BAHUS IOJCUCTEMBI NaMSTH,
MO3BOJIAIOIIMNA TNPUHUMATh TPOEKTHBIE PEIICHUS M0 YIYYIIEHUIO CTpaTeruu
kemrpoBaHus AaHHbIX B ' BC ¢ nepapXxuyeckoi CTpyKTypOu MaMsITH;

— MeToa  ToBbIIeHUS  3(G(EKTUBHOCTH  BEKTOPU3AlMM  BBIYHCICHUH,
NO3BOJIAIOIINHI N30€XaTh noTeps nponsoautenbHocty I1C npu 1octyne K 1aHHBIM;

— Meroa noBblIeHUs 3¢ @deKTUBHOCTH ucnosib3oBanusa GPU, mnozBonstromumii
HOBBICUTh YPOBEHb 3arpy3Kd U CTENEHb COATaHCHPOBAHHOCTH 3arpy3KH MOTOKOBBIX
IIPOLIECCOPOB.

6. Metononorusi mpoextupoBanusi OIIC s pemieHUs WHKEHEPHBIX 3aJad B
I'BC, no3Bossaroniast Ha HadaibHbIX 3Tanax KL I1C npuHUMAaTh NpOEKTHBIE PEIICHHUS
110 3(h(HEeKTUBHOMY HCTIOIH30BAHHUIO BRIYUCIUTEIBHBIX PECYPCOB.

7. Konnenmust M apXuTeKTypa CHUCTEMBl TMOJJIEPKKH >KU3HEHHOTO IHKIA
npoektupyeMbix [IC Ha OCHOBE MPEUIOKEHHBIX MOJEIEW W METOAOB, KOTOpas
1o3BoJIsieT o0ecreunTh noBeiieHue 3¢dextusnoctu I1C.

CreneHb /0CTOBEPHOCTH H ampodamusi pe3yabTaroB. J(OCTOBEpHOCTH
PE3yJIbTaTOB JAMCCEPTAllMM OOECIEUYMBAECTCA KOPPEKTHBIM HCIOJIb30BAHUEM METOJ/IOB
UCCIJIEJOBAaHUI U MaTeMaTUYECKOro anrnapaTa, a TakKe MOATBEPKAACTCA pe3yIbTaTaMu
IPOBEJCHHBIX SKCIIEPUMEHTOB U YCHEIIHOTO BHeApeHus paspabortanHsix [IC.
Peanusyembie Mosi€H, METOBI U AITOPUTMBI CTPOTO APIYMEHTHUPOBAHBI U KPUTHUECKU
OLICHEHBl [0 CPAaBHEHUIO C JAPYTMMU U3BECTHBIMHM pe3ynbrataMu. [losydeHHble
pe3ynabTaThl TOATBEPXKIACHBI CEPUEH BBIYMCIUTENBHBIX JKCIEPUMEHTOB Ha Halope
3a]a4, XapakTepHOM I  WHXKEHEPHBIX W  HAYYHBIX  BBIUMCICHHUNA, T/
IPOAEMOHCTPUPOBAHO 3HAUMTEIBHOE YIIyUIIIEHUE TTOKa3aTeIe MPON3BOAUTEILHOCTH U
9HEeprodHHEeKTUBHOCTH MO CPABHEHUIO ¢ 0A30BBIMH pEATHU3AIMSIMH M BO3MOXKHOCTSIMU
COBPEMEHHBIX ONTUMHU3HPYIOIINX KOMIUISATOPOB. JJOMOTHUTETFHBIM MTOATBEPKACHUEM
JIOCTOBEPHOCTH CITY>KUT MPAKTUYECKOE UCIIOIb30BaHNE Pa3pabOTaHHOTO MPOTPAMMHOTO
o0ecrieueHrss W apXUTEKTYPHBIX PEIICHHWH, YCHENIHOE BHEAPEHHE KOTOPBIX
3a()UKCUPOBAHO aKTaMHU BHEJPEHUS U  CONPOBOXKAAETCA JOKYMEHTHPOBAaHHBIM
HKOHOMHUYECKUM A PeKToM

HuccepraniioHHass pa0oTa BBINIOJHEHA B paMKax OJHOIO U3 Hay4dHbIX
HanpasiieHuil Bosarorpaickoro rocyaapcTBEHHOTO TEXHMYECKOTO YHUBEPCHUTETa, a
takke mnpoektoB PH® No 25-21-20073 — «Mogemu M MeETOABl MPOEKTUPOBAHUS
3(PEKTHBHOTO  NIPOrpaMMHOr0  OOecnedeHHus JUII  BBICOKOIPOM3BOAUTEIHHBIX
BbIuuCaeHu» (pykoBoautenb), PODU No 18-47-340010 - "Pa3zpabotka, aganTanus u
aHanu3 AS(PQGEeKTUBHOCTU aAJTOPUTMOB peaiv3alyd 0a30BBIX OMeparuil JHUHEHHON
anreOpsl Ha HEOJHOPOJHBIX MHOTOIPOIIECCOPHBIX BBIUMCIUTEIBHBIX apXUTEKTypax ¢
notokoBeiMu FPGA — yckopurenamu" (pykoBogutens), Ne 16-47-340385 —
«AganTanys alroOpUuTMHYECKOr0 OOeCTeUeHUs sApa CUCTEMbl MEXKIUCIUTUIMHAPHOTO
MOJICTTUPOBAHUSI C MHOTOTEIBHBIM TIPEJCTABICHUEM TEXHUYECKHX OOBEKTOB MJIs
HEOJITHOPOIHBIX MHOTOMPOIIECCOPHBIX BHIYMCIUTENBHBIX aPXUTEKTYP» (MCTIOIHUTEND ),

Pe3ynbrarhl nuccepTallMOHHOIO HMCCIIEIOBAHMS HCIIOJIB30BAHBI B paMKax psia
IPOEKTOB, BHIMOIHEHHBIX 10 3aka3y AO «Tomn Cucrembny (Ne 44/227-19 — «Pa3pabotka
CHELUATU3UPOBAHHBIX 00BEKTHO-OPUEHTHUPOBAHHBIX oubnmmnoTex KJIaCCOB,
npeIHa3HAaYeHHBIX AJIS pelleHus reoMeTpuueckux 3agau nporotuna CAD cucremsi,
CBSI3aHHBIX C TeHepaiueil, MoaupuKaueil 1 aHaIu30M TPEXMEPHBIX MaTeMaTHUYECKHX
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mozenein); OO0 «TECUCy (Ne 44/776-15 — «Moaudukaius aaropuTMOB peajin3aiuu
MAaTPUYHBIX OMNEPAIMI C HCIOJIb30BAHHEM BEKTOPHBIX PACIIMPEHUN CUCTEM KOMAaH]I,
JOTIOJTHEHHBIX COBMEIICHHBIMU CIIOKEHUSAMU—yMHOKEeHUIMU (FMA3), u apXuTexkTyp
MPOIIECCOPOB C NIMHHBIM KOMaHIHBIM cloBOM»); OO0 "OKB AHT", OAO «Bomxkckuii
aOpa3uBHBIN 3aBOJ» W JIp., B T.4. IPOEKTOB, CBA3aHHBIX ¢ pa3padborkoil IIC mo Teme
JUCCEPTALlMM, B KOTOPBIX aBTOP SBIBUICA HAyYHBIM  PYKOBOJWTEIEM  WJIU
ucrnosHuteneM. [lomydensl 3 akTa 0 BHEIPEHUHU PE3YJIbTaTOB UCCIIEA0OBAHMS.

OCHOBHBIE  TOJIOKEHUS  JIUCCEPTAUMOHHOW  palbOThl  JOKIAJBIBAINCh U
00CYXX1alTuCh Ha KBATU(UKAITMOHHON CEKIIMU MEXKTyHAPOAHOW HAYYHOU KOH(pEpEeHIIUN
«MareMaTnuecKkue METOJbl B TeXHHMKe W TexHosorusax» MMTT-37 (2024, Kazans),
MexayHapoaHbix kKoH@epenuusx MMTT (2026, Caunkt-IlerepOypr, 2025, Camapa,
2024, Kazanp, 2023; Huwxuuii HoBropoa, 2022; SApocnasns), «CynepKOMITbIOTEpHbIE
nqau B Poccum  (Russian  Supercomputing Days)» (2019, 2016, Mocksa),
«ITapamnensuble BbhluucautenbHblie TexHosoruu (I1aBT)» (2021, Bonrorpam; 2020,
Ilepmb; 2016, Apxanrensck), «Haumonanenbii CynepkoMnbloTepHbld Dopym
(HCK®)» (2015-2019, Ilepecnasnb-3anecckuii), «Creativity in Intelligent Technologies
and Data Science (CIT&DS)» (2015 — 2025, Bonarorpan), «International Scientific
Conference Artificial intelligence and digital technologies in technical systems
(AIDTTS)» (2020, Bomrorpan), «llepcnektuBHble HHMOPMALMOHHBIE TEXHOJIOIHMU
(Advanced Information Technologies and Scientific Computing)» (2020, Camapa),
«International Conference on Artificial Life and Robotics (ICAROB)» (2018, SAnonus),
«/HHOBaIMOHHBIE, HHPOPMAIIMOHHBIE U KOMMYHUKaIMOHHBIe TexHoJoruu (MHDO)»
(2024, Coun, 2023, Maxaukaia; 2022, Coun).

Marepuasnbsl AUCCEPTAIMOHHOTO MCCIIEIOBaHUs JIETJIM B OCHOBY KypcoB ®OBT
BourI'TY  «IIporpammuas  unHxeHepusi», «llapamnenbHble  BBIYHCIHUTEIBHBIE
TEXHOJIOTUM», «lIpuMeHeHne yckopuTesed U ONTUMHU3ALUS ITPUIIOKEHUN B CUCTEMAxX
MCKYCCTBEHHOTO MHTEJICKTay.

Iyonuxkanuu. OCHOBHBIE pE3yJbTaThl AUCCEPTAlMUA OIMYyOJIMKOBaHBI B 175
Hay4HbIX paboTax, B TOM yucie 2 MoHorpapusax, 45 — B U3JaHUAX, PEKOMEHIOBAaHHBIX
BAK Poccun, 23 myOnukamusax B MeXIyHAPOAHBIX H3AAHUIX, TPOUHACKCUPOBAHHBIX B
Scopus 1 Web of Science u 3 oruerax o HUP. ITlomydenst 9 cBumerenscTB O
perucrpauuu rnporpamm st OBM.

Crpykrypa u 00beM padorThl. [[rccepTanysi COCTOUT U3 BBEACHHUS, ISITH TJIaB,
3aKJIroueHMs, Oubauorpaduyeckoro crnucka u3 195 HauMeHOBaHUN U 2 TIPUIIOKCHUI.
O6mmit 06beM auccepraimu 433 CTpaHUIIBI, OCHOBHAS YacTh COACPKUT 126 pUCyHKOB
" 43 Ta0InIbI.

CooTBercTBHE MNACNOPTY HAaY4YHOl cmnenMagbHOCTH. [lomyyeHHble B
JUCCEPTAIIMOHHON paboTe Pe3ysIbTaThl COOTBETCTBYIOT CJICIYIONIMM IMyHKTAaM MaciopTa
cnenuanibHoct  2.3.7. KoMmbplOTepHOE  MOJEIMPOBAHME W aBTOMAaTU3alUs
MPOEKTUPOBAHMS, & UMEHHO YHKTY | - METOI0I0THS KOMITBIOTEPHOTO MOJIETUPOBAHUS
U aBTOMAaTU3UPOBAHHOIO TMPOCKTUPOBAHMS B TEXHUKE M TEXHOJOTUSIX, BKIOYas
MOCTaHOBKY, (hOpMaNIM3aIMI0 U TUMH3ALKIO TPOEKTHBIX U TEXHOJOTMYECKUX MPOLETYp,
QITOPUTMOB U TPOLIECCOB MPOEKTUPOBAHUS; MYHKTY 3 - pa3pabOTKa HAyYHBIX OCHOB
noctpoeHusi komruiekca cpencts  CAIIP, Bkimrouaromero  uHGOpMAaIMOHHOE,
MaTeMaTU4YECKOE, JIMHTBUCTUYECKOE, METOAMYECKOE, TEXHUYECKOE, MPOrpaMMHOE
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obOecricueHUEe HENMPEepPhIBHON HWHGOPMAIMOHHON TMOAJCPKKH S>KM3HEHHOTO ITUKJIA
MPOCKTUPYEMBIX OOBEKTOB TYHKTY; 4 - pa3paboTKa MPUHIIMIHAIBLHO HOBBIX H
MOBBIIICHHE Y(PGEKTHBHOCTH CYIIESCTBYIOIIUX METOJOB M CPEACTB B3aUMOJCUCTBUS
MPOCKTUPOBIIMK — CHUCTEMA, BKJIIOYas KOMIIBIOTEPHBIE MOJCIM U TEXHOJOTHUH
HUCKYCCTBEHHOTO WHTEIJICKTa;, MYyHKTY 6 - pa3paboTka KOMIBIOTEPHBIX MOJCIICH,
QITOPUTMOB,  MPOTPAMMHBIX  KOMIUIEKCOB  ONTUMAJbHOTO  MPOEKTUPOBAHUS
TEXHUYECKUX U3JICTUH W TMPOIECCOB; MyHKTY 8 - pa3paboTka WMHUTAIMOHHBIX
KOMIIBIOTEPHBIX MOJIENICH JIJIsl OLICHKH U TECTUPOBAHUS TEXHUYECKUX, IKOHOMUUYECKUX,
AKOJIOTHYECKUX XapaKTEPUCTUK TEXHUUECKUX OOBEKTOB MPOCKTUPOBAHUS; MyHKTY 10 -
pa3paboTka HAyYHBIX OCHOB pEalM3allMM >KU3HCHHOTO IMKJIA IPOCKTUPOBAHUE —
MPOM3BOJICTBO — KCIUTyaTalUs — YTUJIU3ALMS, IOCTPOCHUS UHTETPUPOBAHHBIX CPEJICTB
yOpaBieHUsT TPOCKTHBIMH pabdoTaMd W YHH(UKAIMKA TPUKIAJAHBIX MPOTOKOJIOB
UH(OPMAITMOHHON MTOAIEPKKH.

CBenennsi 0 JUYHOM BKJIaJie aBTOpa. JIMUHBIA BKJIaJ aBTOpa 3aKJIIOYACTCA B
pa3pab0OTKE OCHOBHBIX TEOPETUUECKUX TIOJOKEHHUH, BBIHOCUMBIX Ha 3alluTy; B
pa3paboTKe MOJEIeH, METOJ0B U METOIOJOTUH, BOIIEAIINX B CTPYKTYPY KOHIICHIIUU; B
pa3pabOTKe KOHIEMIHUN U apXUTEKTYpPbl CUCTEMbI MOAACPKKHU >ku3HeHHOro 1ukia [1C.
Bknan aBTOpa B OCHOBHBIE ONMYyOJIMKOBaHHBIE palOOThl ObUT ompenenswonmMm. Bcee
MPECTABICHHbIE B JUCCEPTAllMU TOJOKEHUS, BHIHOCUMBIC Ha 3aIlUTY, IMOIYYEHbI
JIMYHO aBTOPOM.

OCHOBHOE COAEP XAHUE PABOTHBI

Bo BBegeHnu 000CHOBaHa aKTyaJIbHOCTh UCCIEA0BaHUHM, CHOPMYITHMPOBAHBI 11ETh
U 3a7aud paboThl, Hay4YHas HOBW3HA, TEOpPETUYECKas M MpPaKTUYECKas 3HAYUMOCTh
MOJYYEHHBIX PE3YJIbTATOB.

B nmnepBoi ryiaBe BBINIOJHEH AaHAIU3 HAyYHO-TEXHUYECKUX IOAXOJOB K
npoektupoBannto JIIC. PaccMmorpenbr monenu skuzHeHHoro uukna I[IC, ocHOBHbIE
Metoaosiorun npoektupoBanus [1C, CASE-TexHoMOrHM Kak cpeacTBa aBTOMATH3AINH
npoexktupoBanus 11C. MccnenoBansl BOPOCH], CBSI3aHHBIE C MOAAECPKKON JKU3HEHHOTO
nukia [IC B obmactu BIIB, BausHHEM METOIOJOTHN MPOCKTUPOBAHUSI HA KaueCTBO
nonydaembix [1C.

I[Ton BIIB nonummaror npumeHeHue BC BBICOKOW MPOU3BOAUTEIBHOCTH IS
pEIIEHUsT BBIYMCIIUTEIBHO-CIOKHBIX 3amay. TexHosornu BIIB B mocnennee Bpemst
peau3yloTCsd C TOMOIIbI BBIYMCIUTEIBHBIX KJIACTEPOB, MPEICTABISIONIUX COOOM
IPYIYy KOMIIBIOTEPOB, OOBEAMHEHHBIX KaHajdaMu CBs3u. KoMmIbroTepsl Kiactepa
COBMECTHO PEMIAIOT BBIYUCIUTEIBHO-CIOKHBIE 33Jladyd, MO3TOMY C TOYKH 3pEHUs
MOJIB30BATEISI PEJICTABIISIOT COOON €IMHBIN anmapaTHBIN pecypc.

I'OCT P UCO/MBK 12207-2010 ycrtanaBiuBaeT CBSI3b MEXAY CHCTEMOH B
11eJ0M ¥ mporpaMMHbIM cpeaicTBoM. B cootBeTcTBUm ¢ 'OCT P UICO/MOBK TO 15271-
2002 cuctema sBISETCA «KOMOWHAIMEW TEXHUYECKUX CPEACTB, KOMIIBIOTEPOB,
MpPOrPaMMHBIX CpPEICTB, MaTEpHaloB, MEpPCOHAIAa U BO3MOXHOCTeW». Cranaapt
OMHCHIBAET, KaK CHUCTEMa CTAHOBUTCS KOMOWHAIIMEN TEXHUYECKUX M MPOTrpaMMHBIX
CpPEACTB. DTO O3HAYAET, YTO MPHU CO3JAaHUU PAOOTOCIIOCOOHON CHUCTEMBbl YUUTHIBAIOTCS
Kak anmnapaTHble, TaK U MPOTPAMMHBIE KOMIIOHEHTBHI.

BC, Bkitouasi BBIYMCIWTENBHBIE KJIACTEPHI, SIBIASCH CUCTEMOM, MPEACTABIISIET
co0oli KOMOMHAIIMIO alMapaTHBIX M MPOrPAaMMHBIX CPEACTB. JIJiT aBTOHOMHBIX CHUCTEM
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anmnapaTHble CPe/ICTBa MPEJCTABISIOT COO0M COBOKYITHOCTh BBIUMCIUTENBHBIX PECYPCOB
BC. Jlnsg BBIYMCIUTENBHBIX KIJIACTEPOB TMOJ JaHHbIM TEPMHUHOM TMOHHMMAETCS
COBOKYITHOCTh OTJEIbHBIX KOMIIBIOTEPOB, Y3J0B KJIACT€pa, M BBICOKOCKOPOCTHBIX
KaHaJIOB CBA3U, OOBEIUHSIIONIUX OT/ACIIbHBIC Y3JIbl B €IUHYIO BHIYUCIUTEIBHYIO CpPEAY.
[IporpamMmHBI€ CpeACTBA BEIYMCIUTEIBLHOTO KJIACTEPA BKIIOYAIOT B CEOS:

— cnenuanusupoBanuble  [IC, mnpenacraBisomme coO0O  HMHCTPYMEHTH U
CUCTEMBI, UCIIOJIb3yEMBIE JIJISl pealM3allii U CO3/IaHUsI BBICOKOIIpOoU3BOAUTENIbHBIX BC;

— TIC, npoekTupyeMble 1715l PEIIeHUs BBIYUCIUTEIbHO—CIIOXKHBIX 3a]1a4.

Jist noctrxkeHus: TpedyeMon MPOU3BOUTENBHOCTH B MPOIIECCE MPOSKTUPOBAHUS
[1C nns BBIYUCHUTENBHBIX KJIACTEPOB HEOOXOIUMO PEIIUTh HECKOJbKO TEXHUYECKUX
3a/ay:

— MakCcUMalibHO A3(@PEKTUBHO HCIOJIB30BATh  BBIYMCIHUTEIIBHBIE  PECYPCHI
OTJIEJIbHBIX Y3JIOB BBIYMCIUTEIBLHOIO KJacTepa JJisi MOBbIIIEHUS S()PEKTUBHOCTH
npoekTupyembix [1C B paMKkax OTIENbHBIX Y3JIOB;

— pacHpeneiiuTh BBIYUCICHUS MEXIY y3JaMU BBIYHCIHUTENBHOTO KiacTepa 3a
CYET pacnapalICIMBAHUS BIYUCICHUN.

JluccepTallMOHHOE MCCIIEIOBAHME HAIpaBJICHO Ha pa3pad0TKy METOAO0JOTUU
npoektupoBanust [IC, koropbie 00pabaThIBalOT OOJBIINE MACCUBBI JaHHBIX U
OCYILECTBIISIIOT PEryJISIPHBIA JTIOCTYH K JAHHBIM B COOTBETCTBUM C OIPEIACICHHBIMU
mao6nonamu. K nogo0usiM I[1C oTHOCSTCS:

— IIC nna peuieHus HAYYHBIX M WH)XEHEPHBIX 3a7ad, TPEOYyHOUUX OOJBIIOTro
BPEMEHHU  BBIYUCJICHUN, BKJIOYAs  BBIYUCIUTEIbHBIE spa JUIi  YUCJIECHHOTO
MOJICIUPOBAHUS, CTATUCTUYECKOTO aHallM3a, MAIIMHHOrO OoOy4eHus, 00paboTKu
OOJBIINX JAHHBIX U T.1I.;

— TIC nnsa pemeHus MHXEHEPHBIX 3a/iad, TPeOyIOlMe MUHUMAILHOTO BPEMEHH
orkinka BC, Bxmouas CAD/CAE-cuctembl, a Takke peain3aiuio T€OMETPUYECKUX
anep, [IC o0paboTKK MyabTUMEINA-KOHTEHTA U T.]I.

Haauple IIC 001amaroT BBICOKOM  CTCIICHBIO JIOKAIHLHOCTH JAHHBIX U
MPOCKTUPYIOTCS ISl MCTIONB30BaHUs Kak B aBTOHOMHbBIX BC (koMIbroTepax), Tak U B
BBIYUCIUTEIBHBIX KJIACTEpax B 3aBUCUMOCTH OT Ha3HAYEHUS U YCIOBUM IKCIUTyaTaIlu.

OOBEKTOM TPOCKTUPOBAHUS SIBJISIIOTCSI MPOTPAMMHBIE CHCTEMBI ISl PElICHUS
WHXXEHEPHBIX 3aJ1a4, MOBbIMaronme 3h(OEKTUBHOCTh UCIIOIB30BAHUS BHIYUCIUTEIBHBIX
pecypcoB BC, B T.4. y310B BeruMcauTenbHOro kinacrepa. Jlanusie IIC oTHOcsTCA K
npukiaaasiM [1C, pa3pabaTeiBatoTCs Ha KOMIMJIMPYEMBIX S3bIKAX MPOTPaMMHUPOBAHMUS,
OTHOCATCA K TpoOJeMHO-opueHTupoBaHHBIM [IC, mpenHazHaYeHHBIM ISl PEIICHUS
Hay4YHBIX U UH)KEHEPHBIX 33]1a4.

O} heKTUBHOCTh HCTOJIB30BAHKUS BBIYUCIUTEIBHBIX PECYPCOB OMpPENeIseTCs
CTEIEHbIO 3arPy3KU BBIYUCIHUTENBHBIX pecypcoB (komnoHeHTOB BC), yuacTByromux B
npoiiecce BerurcaeHui (1).

Ok * K 1)
E=——
Or
rie  E — »sddexkruBHOCTE HCMONB30BaHMS BBIYUCIUTENBHOIO pecypca, Op — oOmiee
KOJIMYECTBO omepanuii, (HOpMHPYIOIIUX MHOXKECTBO S, = {Or}, BBINONHAEMBIX B IIPOLECCE
ucnonHenus [1C, noTeHIManIbHO UCTIONB3YIOIMX BBIYUCINUTENBHBIN peCypc, Ogr — KOJHYECTBO

oreparuii U3 MHOXKECTBA S, MCIOJIB3YIOIUX JaHHBIA pecype, GopMUPYIOT MHOKECTBO S = {Og}, K
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- kod(durment, npuHuMaronuii 3HadeHuss or 0 10 1 W xapakTepu3yOMmuid CrocoO0 BHITOJIHEHUS
orepanuil U3 MHOXKECTBA Sg.

CpenneB3BenieHHbI ~ mapaMeTp  3PQPEKTHBHOCTH  MOXHO  OIPEACIIUTH
creayrommmM odpazom (2)
= (e * EY) (2)

av — N

rne  k; - BecoBbie koaddumentsl, E; — 3¢ GekTHBHOCTS 1-0 moacucTeMbl, N - KOJTUYECTBO
HO/ICHICTEM.

B coorBerctBun ¢ I'OCT 23501.108-85 ycTaHOBIIEH psAI MNPU3HAKOB
KJIaccupUKaIlMUd CUCTEM aBTOMaTH3upoBaHHOro mpoektupoBanusi (CAIIP), Bkirouas
TUNT OOBEKTa IPOCKTUPOBAHMS, TJI€ OJHOMW M3 KIACCU(PUKAIMOHHBIX TPYIIHPOBOK
ABJACTCSA CAIIP IIPOrPaMMHBIX U3JIEIIAN. XapaxkTepucTuka TAHHOU
KJIacCCU(UKAIMOHHON TPYINIUPOBKU B COOTBETCTBUU cO cranaaptoM: «lIpoektupyer
MPOTpaMMBbl JIJIs1 SJIEKTPOHHBIX BBIYMCIUTEIBHBIX MaliuH, cTaHkoB ¢ YITY, poOoToB u
T.A.». Ha pucynke 1 mokasaHbl KOMIIOHEHTBI CHUCTEMBI, MCIOJb3yEMBIE B IPOIECCE
aBTOMaTHU3alMY HIPOECKTUPOBAHMUS.

e T IIpoektupyemsie IIC B3anmoaencTBy-
3 0T C CUCTEMHBIMHA I1C T
S ——— Z] MPOCKTUPYIOTCA C  HCIOJIb30BAHUEM
dccuceoee MHCTPYMEHTAIBHBIX  cpeAcTB. s
v v aBTOMAaTH3aIUHA MIPOCKTUPOBAHUSA

NpoekTupyemsie MC @ VHCTpYMEHTaNbHbIe @ 6 6
— i HEOOX0AMMO pa3padoTaTh CpeAcTBa

aBTOMAaTH3alMU IPOEKTUpOBaHuA. B
- CBOKO oOuepedb ISl pELIEHUs J3TOU

Mogenwu, meTogbl E ABTOMaTH3aUMUA E
npoekTupoBaxua NC < npoexTupoBaxus NC 3aga4yu HeO6XOI[I/IMO pa3pa6OTaTB
Pucynox 1 - ABTOMaTu3anusg HOBBIC MoJen 151 METObI
npoektupoBanus [1C npoektupoBanus [1C.

UccnenoBansl Metopl ananusa [1C, BelieneHbl ABE TpyHbl HOJOOHBIX METOJIOB:
cratuueckuii u aguHamudecku adamu3  IIC. Ilokazano, YTo MOTEHIMAILHO
JUHAMHYECKUNA aHadu3 TO03BOJSIET BBISIBUTH OOJbIIEE KOJUYECTBO OMIMOOK B
nporpaMMme, MpOaHaIu3upoBaTh €€ 3(P(GEKTUBHOCTh, OAHAKO OH IPUMEHSETCS K
coopanHoil u omnaxkeHHOW [IC, B KOTOpBIN 3a0kKEHBI BO3MOXKHBIE HEI(D(HEKTUBHBIC
NpoeKTHhle pemieHus. M30eaTh BBIOJHEHUS HEYAAyHBIX WTEpalMii B Mpoliecce
npoektupoBanusa [1C mMoxHO, ecnu BkimounTh aHanu3 3gdexruBHoctu [IC B panHue
3Tanbl NPOEKTUPOBAHUA, HAIPUMEP, B IPOBEICHUE CTATHYECKOIO aHajau3a HUCXOIHOTrO
Koja Ha sTarne pa3zpadotku [1C

[Ipoananusuposanbl kpurepuu 3dpdextuBHoctu [IC u BiusHue apxutekrypsl BC
Ha ¢ dextuBHOCTh [1C, PaccMoTpens! rpynmbl KpuTepueB 3PGHEKTUBHOCTH, 3aBUCAILIUX
or tuna IIC, kpurepuu s¢dextuBHOCTH, XapakTepusyromue [IC kak TexHUyecKui
00BEKT, mojexaluii pazpadorke u Moaudukanuu. [IpuBeeHbl OCHOBHBIE MOHATUS U
onpeneneHus npeaMetrHol obmactu. OmnpeneneHo mnoHstue IIC kKak TEXHUYECKOTO
oObekta. OmpenenieHa 1ieseBasi BBIUMCIUTENbHAS APXUTEKTypa, B KauecTBE KOTOPOMH
paccmarpuBaerca ['BC, rome mon I'BC monumaercs BC, conepkamiasi HECKOJBKO
BBIUHMCIIUTEIIBHBIX ~ PECYpCOB, IMPUYEM MHOXKECTBA  OINEpPALUi, BBIOJIHIEMbBIX
pasnuYHBIMH ~ pecypcaMH, pa3auuHbl. Metononorus  npoektupoBaHus — OIIC
peanu3oBada B ['BC, mMmeromieii B CBOEM COCTaBE CIEIYIOUIME BBIYMCIUTEIBHBIE
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pecypchl:  BBIYMCIMTENIbHAs CcUCTeMa ¢ oOled MaMmsaThlo, TOCTPOCHHOW MO
uepapxudeckort cxeme (CPU), BEKTOpHBIN MPOIECCOp WJIM BEKTOPHOE pacIIupeHue
komaHa (SIMD), rpaduueckuit mnpoueccop (GPU). Kaxawiii wu3 pecypcos
XapaKkTepu3yeTcs HabopoM MmapamMeTpOB.

[IpoBenen ananmu3 BhusiHUs apxutekTypsl BC Ha sddextuBHocts IIC, B T.u.
aHaIM3  BIUAHHUS  UEPAPXUYECKOM  CTPYKTYpbl MaMsTH, paclapauieIuBaHUs
BBIUHCIICHUW, PEAIN3ALUU PACOPEACICHHOW MOAEIN BBIYUCICHUNW, BEKTOPU3AIUU
BBIUUCIICHUH, ncnoib3oBanus yckopureiei (GPU u FPGA). Otmedeno, uyTo Ha 3tamne
pazpabotku [IC B pamkax XII I1IC nmpu mpoextupoBanus apxutektypsl [1C ocoboe
BHUMaHHE yJeNsieTcss pa3paboTke U MOJIUM(UKAIMU PaA3IMYHBIX THUIIOB MOJIETCH:
MOJIeJICH, HCIIOJIb3yeMbIX, B pa3palboTke, ympaBisgemoin wmoxeiasmu (Model-driven
Development, MDD), mozeneit mpouecca pazpadorku [1C (RUP, Scrum), moneneii XKI]
npoektupoBanus [1C (Software Development Life Cycle Models, SDLC), Ha tom xe
srarie JXI[ IIC mnpu HamMCaHWUM TMPOrPAMMHOIO KOJa OJHUMHU M3 KIFOYEBBIX
YIOMHUHAEMBIX aCIEKTOB SIBJSIOTCS «TEXHUKH MPOTrPaMMUPOBAHUS», TJAE IOJ STUM
TEPMUHOM HCCIIEIOBATEIN YIOMUHAIOT pa3JIMYHbIE CIIOCOOBI ONTHUMHU3ALMHU KOJa,
ucronb3dyemble sl noBbllieHuss 3¢pdextuBHocty IIC. B kayecTBe KpuTepueB
apdextuBHOCTH [IC Ha 3Tane NMpOEKTUPOBAHUS APXUTEKTYpPbl HAMOOJBUIYIO YacTOTY
ynomuHannii umeer «lIpouwsBoaurenbHOCTH», «IlOBTOpHOE WCHOJNB30BAHUE» U
«PeMOHTONPUTOTHOCTBY, T.€. cioxHOCTh Moaudukamuu IIC. Ha stane peanuzanmu
HauMOOJIbIIYI0 ~ YacToTy  ynoMuHaHuii  umeer  «lIpousBoAMTENBHOCTE» U
«IddextuBHOCTE». Cpenu S3BIKOB MPOTPAMMUPOBAHUS HaUOO0JIEEe HCIIOIb3YEMBbIMH B
obonactu BIIB sBnsitorcs C/C++ u Fortran.

CdopmynrupoBaHbl BBIBOJBI O HEOOXOJIMMOCTH Ppa3pabOTKH HOBBIX IOJXO0JIOB K
npoektupoBannio J1IIC nid pemeHnst THXEHEPHBIX 3a7ad.

Bo BTOpoM TrJIaBe IMpPOBEACH aHAIU3 COBPEMEHHBIX METOJIOB, a TaKxke
peanu3ainuu AaHHbBIX MeToZ0B B Bujie CASE-TexHonoruil noBeIimeHus 3pQekTuBHOCTA
[IC nns perieHuss MHXXEHEPHBIX 3a7ad. BeimonHeH 0030p mozeneit B obnactu BIIB,
UCIIOJIb3yeMbIX il noBblieHus 3¢ dextuBHocTr [1C, 0030p METOI0B, UCIIOJIB3YyEMbBIX
JUISL  YIY4IIEeHUs CTPATeTUH KEIIMPOBAHUS JAHHBIX, BEKTOPHU3alMM BBIYMCIICHUH,
ucnions3oBanusg GPU, a Takke HMHCTPYMEHTAJIbHBIX CpPEACTB, IPUMEHSIEMBIX IS
aHanu3a u ynydmenus xapakrepuctuk [1C.

OcHOBHOE BHHMMAaHHE YAENAETCS MOJENSM HCHOJHEHUS, KOTOPBIE HCCIEIYIOT
nosenenne BC. PaccmarpuBatorest mogenu BC ¢ nepapxuueckoil CTpyKTypol NaMsTH,
aKIICHT JieaeTCsl Ha TOM, YTO YacTh MOJOOHBIX MOJIXO00B OCHOBAaHA HA MOJICIIMPOBAHUHT
MpOM3BOAUTENIbHOCTH 1iesieBoi BC. BwimensioTcss 1Be KaTeropuu MoOJeNe: Mojenu
«UEPHOTO SIIHKA, OMUPAIOIINECS HA CTATUCTHYECKUE METOJBI U MAIIMHHOE O0y4YCHHE
JUTSI OTIMCAHMS M TIPOTHO3UPOBaHUS TTponu3BoauTebHOCTH BC Ha 0CHOBE HAOIIOTaeMBIX
JAHHBIX, ¥ MOJEH «OENIOTO SIIMKAaY», WCIIONB3YIOIIUE YIPOIIEHHbIE MaTeMaTHIYECKUE
MOJENN JUIsl ONMUCAaHWS B3aUMOJCHCTBUS Koja C oOopymoBanmeMm. K Hemoctatkam
OOJBIIMHCTBA MOJOOHBIX MOJENEH MOMXHO OTHECTH MPUBS3KY K KOHKpeTHOMYy MII u
CJIOKHOCTh TMPOBEJACHUS AHAIUTUYECKOIO0 MOJEIMPOBAHUA, a TaKke HEOOXOIUMOCTh
MIPOBEJEHHUS OTJIEIBHOIO UCCIIEIOBAHUS ISl Ka)KJI0I0 HOBOTO aJITOPUTMA.

Cpenn METONIOB YIYYIIEHHS CTPATErMu KEIIMPOBAHUS JAHHBIX BBIICIICHBI
UCITIOJIb30BAaHUE MPOCTPAHCTBEHHOW W BPEMEHHOW JIOKAJIBHOCTH JaHHBIX (B T.4.
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ONTUMHM3AIMS JIOCTYNa W PACHOJOXKCHHUS JTAHHBIX B MaMSITH), OJIOYHAs peaau3alius
anroput™MoB. lIpoaHann3npoBaHbl MapamMeTPU30BAHHBIE MOJEIM AJIrOPUTMOB, B T.U.
OMIIMPUYECKUM TOUCK IMAPaMETPOB, aBTOMAaTHYECKas HACTPOWKA C TeHepalued Koja,
WCIIOJIb30BaHUE AHAIMTUYECKUX Mojenen. MccnenoBansl BOIIPOCHl TPUMEHEHUS KElll-
CUMyJATOpOB. MccnenoBanbl  BONPOCHI  aBTOMATMYECKOW  BEKTOPHM3alMM  KOJA
COBPEMCHHBIMH  ONTHUMH3UPYIOIMIMMH  KOMITWJISATOPAMH, OTPAHUYCHHUS  OJIOKOB
aBTOMATUYECKOM Bekropu3auuu. [IpoaHanm3upoBaHbl METOJBI aBTOMATHYECKOMN
BEKTOPU3aLlMM ILMKJIOB, BEKTOPU3allMM 3aBUCUMOCTEH W 4YEPEAYIOIIMXCS MAHHBIX C
MPOMEKYTKaMH, BOMPOCHI BIUSHUSA BbIpABHUBAHUSA JAHHBIX Ha 3(()EKTUBHOCTH
BEKTOPU3ALIMM KOJA, CO3JaHHbIE HA OCHOBE 3TUX MeToaoB CASE-cpeacTsa.

PaccMOTpeHbl HMHCTPYMEHTAJIbHBIE CpPEICTBA, KOTOPBIE MCHOJB3YIOTCS IS
aHanu3za u ynydmieHuss xapaktepuctuk [IC gna I'BC, B T.4. onTuMusMpyroume
KOMITUJISITOPBI, BEICOKOTIPOU3BOIUTEIbHBIE OUOIMOTEKH, HHCTPYMEHTBI CTATHUECKOTO U
JTAHAMHAYECKOr0 aHaJIN3a.

CdopmynrpoBaHbl BBIBOJLI 0 HEOOXOAUMOCTH Pa3pabOTKU KOMIUIEKCa CPEICTB
noanepxkku KL [IC nns pemenus naxkenepusix 3ana4d B ['BC.

B Tperbeii rinaBe npoBoAMTCS pa3padOTKa OCHOBHBIX MOJIOXKEHUI METOH0JIOTUN
npoexktupoBanus [IC mia pemenus uHkeHEpHbIX 3a7ad B ['BC, moBblmaromiei
abpdextuBHocTh [IC Ha Bcex »dTamax >KU3HEHHOro Iwkia. [log moBbIIEHHUEM
abpdextuBHocTn [IC moHuMaercss MUHUMU3AIUA 3arpar, cBs3aHHbIX ¢ [IC Ha
paznuunbix 3Tamax JKLI, Bkirouas 3arpaThl (HampuMmep, 3aTpaTbl HA 00OPYJIOBaHUE,
pa3pabOTYMKOB U T.J.) HA pa3paboTKy, Moaudukanuo u sxcruryataiuto [1C.

ITposeneno uccnenoBanue KII IIC B acnekre co3panus u skcruryatanuu [1C B
ob6nactu BIIB mys pemienust MHXEHEPHBIX M HAYYHBIX 3aJa4, NI KOTOPBIX BaKHBIMHU
SBJIAIOTCSL  BOMPOCHI ~ BBIOOpA  alNTOpUTMa pEHIeHUs 3a7Ja4d W TOBBIIICHUS
s dextuBnoctu 11C.

KL IIC B coorBerctBun ¢ 'OCT P MCO/M3BK 12207 omnpenensieTcst Kak
pa3BUTHE CHUCTEMBI, IPOAYKTa, YCIYrdM, IPOEKTa WIH JAPYIMX H3TOTOBJIEHHBIX
YEeJIOBEKOM OOBEKTOB, HauMHasi CO CTaAuU pPa3pabOTKH KOHIENIMU M 3aKaH4YHUBas
npekpamennem npuMeHeHus. [nsa [IC ku3HeHHBI TUKI ONpenensercss Kak MEPUOJ
BPEMEHHU, KOTOPBIM HAYMHAETCA C MOMEHTA NPUHATHS PEIICHHS O HEOOXOIMMOCTH
cozpanus IIC u 3akaHYMBAaEeTCs B MOMEHT €€ MOJIHOIO M3BATHS U3 JKCILTyaTaluu.
Cranpmapt omnpenensieT HNOHSATUE MPOLEcCa KaK COBOKYIMHOCTh B3aUMOCBSI3aHHBIX WIIN
B3aMMOJICUCTBYIOIIUX BHUJOB JEATEIbHOCTH, MPeoOpa3yoluX BXOAbl B BBIXOBI.
Cranpapt rpynnupyer pa3indHble BUABI JEATEIBHOCTH, KOTOPHIE MOTYT BBIMOJHATHCS
B TEUEHUE JKU3HEHHOI'O LMKJIAa MPOTPAMMHBIX CHCTEM, B CEMb I'pymm mnporeccoB. Ha
pucynke 2 npuseneHsl nporeccsl K1, ananuzupyembie B TuccepTaIlMOHHON paboTe U
UX COOTBETCTBHE KaTeropusm mpoueccos XKL B cooTBeTCTBHM CO CTaHIapTOM:

- TIporiecc pa3paboTku BKJIouaeT B cebst Bce mporecchl KL, cBszaHHBIE C
npoektupoBanueMm 1IC, Bkirouas npouecchl NPOEKTa, TEXHUYECKHE MPOLECChl U
npoueccol peannzanuu [1C;

- TpoliecCc IKCIUTyaTaly BKJIOYaeT B cebs mpouecc ¢yHkuuonuposanusi 11C
(TexHHuyecKkHue MpoIEecCchl) U mporecchl Bepudukanmu u Banugauuu [1C (mpouecchsl
MOICPIKKH );
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- mpouecc Moau(pUKaluK BKIOYaeT B ceOs mpouecc pemeHus npodiaem B 11C
(Tporecchl MOAACPIKKH).

XKL mpoektupyembix [IC cocTouT u3 Tpex 3TanoB: pazpabOTKH, MOIU(UKAIINY U
AKCIUTyaTaluu (PUCYHOK 3).

rET i> Mpouecch [Tocne oxkoHuaHus dTama pa3pabOTKU
cornaweHua
IcC MEPEXOUT Ha ATar
Mpoueccb! AHanusupyembie
i> npoexTa npousccs! JKCIUTyaTaluH. B rmpoiiecce
E(>Texuuqecxue i N - JKCIUTyaTaluu I1C MOXKET
npOLleCCbl o > ‘azpabotka
Kareropwu !f\> > BO3HHUKHYTH HEO0OX0IUMOCTh B
npoueccos Mpoueccobl
xu [{>peanlg;éauww vomudpukanuu [IC 1o npuynHam
ey M HegoctaTouHo 3ddextuBHOCTH T1C,
i>"°”§§§’""‘“ > HeoOxonumoctu aaantamuu [1C mop
Mpoueccer HOBBIE BBIYUCIIUTEIbHBIE
[(>noaropuoro
npuUMeHeHus APXUTCKTYPHI, HCO6XOI[I/IMOCTI>
L nc

p - K YCTPAHEHUS BBISABIEHHBIX OMIMOOK M
HCYHOK 2 = 1IpOLeCCh L, gHaHmnpyeMHe T.0. DpPexkrusnocts I[IC Ha KaxaOM
B JIMCCEPTAlMOHHOM  paboTre M HUX KT pu oM

JTarne

TBETCTBHE KATETOPHSIM I B XKII B
COOTBCTCTBHC KaTCrop porecco 1 XapakTepu3yercs KopTexeM (3).
COOTBETCTBHUH CO CTaHJIAPTOM

Ep =<Tp, Rp> Eg =<Tg, Rg> En = <Ty, Ry>
Paspa6otka |=—————3p| Skcnnyatauyus »{ Moaud wma

Pucynok 3 — Xuznennsiit nuki [1C
E =(T,R) (3)

rie  E-—»sddexruBnocts, T —3arpaunBaemoe Bpems, R — 3arpaunBaemsie pecypcsl. s sTanos
pa3paboTku u Mogudukanuu Bpems T mpenctaBiseT coOOH BpeMs, 3aTpaylMBaeMoe KOMaHION
pa3paboOTYMKOB Ha BBINOJIHEHUE BCEX padOT, HEOOXOAMMBIX AJIs 3aBEpILEHUs TEeKyllero srama, R —
3aTpaynBaeMble peCypchl, B T.4. 3aTpaThl HA pa3pabOTYMKOB M 3aTpaThl HA oOopynoBaHue. Ha stame
skcruryaTaiu T — Bpemst pabotel [1C mist pemieHns KOHKPETHOM 3afaud, R — ucnonbszyemsle mpu
3TOM PECYpChI, B T.4. COCTAB alllapaTHbBIX CPEACTB, HOTPEOIIIEMbIE SHEPTOPECYPCHI.

Tak kak CHU3UTH Bpems Ha dTare dkcruryatanuu )KL MOKHO mmyTeM yBeJIMYEeHUS
KOJINYECTBA U XAPAKTEPUCTUK HMCIOJIb3YEMBIX PECYPCOB, B KaU€CTBE KOJIMYECTBEHHOMU
ornieHku ctenenn 3¢dexktuBHocTH I[IC Oyaem wucmonab30BaTh MeEpy amnmapaTypHO-
BPEMCHHOM CIIOKHOCTH ajnroputMa (4).

C =0(Q)*0(T) (4)
rnie C — Mmepa ammaparypHO-BpeMeHHOH cioxHocTH, O(Q) — Mepa ammapaTypHOW CIIOKHOCTH
peanmmzanuu anroputMma, 0 (T) — Mepa BpeMEHHOH CIIO)KHOCTH Peali3alliy alropruTMa.

Takum o6pa3zom, mnoBeimeHue 3¢dextuBHoctu [IC Ha 3Tame sKCITyaTanuu
MOXHO TIPEJCTaBUTh B BUJE 3aJla4d CHWKCHHS amnmnapaTypHO-BPEMEHHOM CIIOKHOCTH
porpaMMHON peanuzanuu perraemoit 3amauu. [lotpebnsiembie BC snepropecypchbl B
IpoIlecCCe pEIICHUs 3a7aud HampsSMyl 3aBUCAT OT 3HAUCHHUs €€ ammapaTypHO-
BPEMEHHOM CII0)KHOCTH. AHAJOTHYHBIM 00pa30M MOKHO OLEeHUTh dddextuBHOCTH [1C
Ha JSTamax pas3paboTku u Mmoaudukauud. B gaHHOM cimyyae mMmokasareiab PecypcoB
SBJIIETCSI KOMITJIEKCHBIM M 3aBHCHUT HE TOJBKO OT MCIIOJIh3YEMBIX alapaTHBIX CPEJICTB,
HO ¥ OT YHCJIAa U KBATH(DHUKAIIUN 3aHITHIX paOOTHUKOB.
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[Ipennaraemyto mMojenb yiaydiieHus nokaszatenein apdextuBHocTy [1C MoxkHO
omnucath cieayomum odpasom (5).
E =(T,R)
E=f(a),a=(ay,a, ..,a,) EA (5)
Eiy1 2 E;

O¢pdextuBnocts [IC Ha sTamax pa3pabOTKM W MOAM(PHUKAIUU 3aBUCUT OT
BPEMEHH M pECypCcoB, 3aTpaueHHBIX Ha pealu3alyio d3Tama, B TO JKE€ BpeMs
3¢ (HEKTUBHOCTH pa3pabOTKH 3aBUCUT OT MPOTPAMMHON peann3aluid PelraeMon 3a1auu
U3 MHOXECTBA A MNPOrpaMMHBIX peanu3anuid. Moaenp ONHUCBIBACT YIIY4ILICHHE
nokazarenen 3gdexktuBHocTH npoekTupyemMoit I1C, npu stom sddexruBHocTh [1C Ha
uTepanuu pa3padbotku i+1 Oymer He Xyke 3((HEKTUBHOCTH Ha UTEPALIUH I.

Ha pucynke 4 npencrasnen stan pa3pabotku [IC B cOOTBETCTBUU C MOJAEIBIO
yiydmeHus nokasareneit agpdextuHoctu IIC, peannzoBaHHBIM B BUJE UTEPATUBHOTO
npolecca, UTepali KOTOpOTro NpeCTaBIeHbI B ABYX BapHaHTaX: TPAAULIMOHHOTO (AS-
IS) u npennaraemoro (TO-BE).

OnTumusanis Jlusamuueckuii
Monudukanms ! .

1
1
1
Koj1a AHAJIN3 NporpaMMbl
anroput™a e —>1 POCE
(KomMnuAATOP, (MHCTpyMeHTabHbIE | Te
(?BpHCTHKA) e
IBPHCTHKA) 1
1

cpe/cTBa)

T T,

VTouHeHH Bubep TectipoBaHm
VTOuHEHHE L P i i T T g A g eCTHPOBAHHE
—> s - paspaboTka I
TpeGoBaHHii e e - - - -———————mm-—---- 1 TpOrpaMMbl
anropuT™Ma T; Ty
Moznuduratms
LL'IIO[HII\\IZI
ONTHMH3ALHA KO/Ia

(opmanbhblii
1OJIX0/1)

(CraTnueckuii aHanus
Koja (aHaJIMTHKa,
HHCTpYMEHTalIbHble
cpecTBa)

____________________________________________________________

Wrepauns: paspaboTka anropurma

Pucynok 4 - Dtan pazpabotku [IC B COOTBETCTBHHM C MOJENBIO YIYyYIICHUS
nokazaresnei r¢pdextunoctu [1C

OTnuune NpeaCcTaBICHHBIX MMOJXOJOB K peanu3anuu dtama pazpadotku [IC
3aKJII04YaeTcss B IepeHoce drana aHaimmza d(dexkruBHoctr [IC ¢ AMHAMUYECKOTO
aHaiM3a TOTOBOTO TMPWIOKEHUS HAa CTATUYECKUM aHAIN3 KMCXOAHOTO KOJa, 4YTO
MO3BOJISIET CHU3UTHh KOJWUYECTBO MTEpAlMid Ha ATamax pa3padoTKu W MOaudUKAIIIN
YKU3HEHHOTO IUKJIa MPOTPAMMHBIX cucTeM (Tadnmia 1).

Tabmuma 1 — CpaBHeHHME TPAJUIMOHHOTO U TMPEAJIaraéMoro TIMOJX0JI0B K
peanuzanuu dtamna paspadotku [1C.
TpaanuMOHHBIN TOJIX0T IIpennaraeMplii OaX0/1
n nl
T=T1+Z a; * T T:T1+z a; x T,
i=1 i=1
m;
m;
+ ) [bij*To+ (Ts+ Ty +Ts)| + Ts , o
= + Z[bi,j «Ty+ (T§+T{)| + Ts

T;- Bpemst Ha yTOUHEHHE TPeOOBaHUI

T, - BpeMs Ha BBIOOp / pa3paboOTKy anropuTma T3- Bpems Ha Moauukauuio amropurma /

T - BpeMsi Ha MOIM(HKALMIO ATTOPUTMA ONTHMH3ALINIO KOMa

T, - BpEMst Ha ONTHMI3AIHIO KOIA T,- BpeMsi Ha CTaTHYECKHMI aHAJIN3 KOJa
! Ll ! " ! — "

Ts - BpeMs Ha IMHAMUYECKUY aHaAIH3 TPOrPaMMBbI a; € {0, 1} b, ; € {0, 1} a1 = 1;

Te - BpeMsi Ha TECTHPOBAHKE [IPOTPAMMBI i1=0nmpua;=1

a; € {O, 1}, bi,j € {O, 1}, a, = 1; bi,l =0 npu a; = 1
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T+ T, <Ts+T,+Ts
n<nm <m

N3 tabmurel 1 BUIHO, 9TO B CBSI3W C YMEHBIIIEHUEM OOIIEro Yuciia UTEpAruil u
YMEHBIICHUSI COBOKYITHOTO BPEMEHH PEANIU3ALUU OTIEIBHBIX MPOCKTHBIX MPOLEAYP
aTama pa3paboTKu, MpeAsiaraéMblil MOJIX0/ OKa3biBaeTcs AP PEeKTUBHEE TPATUIIMOHHOTO.

Ha pucynke 5 npeacrasiien stan moaudukanuu [1C B COOTBETCTBUM C MOJIEIBIO
yinydmienus: nokazateneil sddexruHoctu I[IC. Ha »srtane wmomuduxamuu TIC
npeajiaraeMblii MOAXO0J TaKXke OKa3bIBaeTcsl 3G(HEKTUBHEE TPAJAUIIMOHHOTO B CBA3U C
YMEHBIIEHUEM OOIIEr0 4Yucia UTEpalMii U YMEHBLIEHUS COBOKYIHOIO BpEMEHU
peanu3anuu OTACIbHBIX TPOEKTHBIX POLIEAYD.

OnTHMI3ALINS Jlnnamuueckuii

Moaupukauus
AHAIH3 NIPOTrpaMMbl

1
1
1
1 v
| amropumva = Koza
1
1

Te

(>8pHcTHKA) (KoMmuAsTOp, (MHCTpYMEHTaIbHbIC

IBPHCTHKA) cpeiacTsa)

........................... TectipoBanme
e e---- e e e m————— ————————— NpOrpaMMb

T

Moandpukaums
aaropHT™Ma

!
v ! Ko/la (aHa/IMTHKA
Viounenue 0/1a (aHz a,
— —( )—><>'—) ONTHMH3ALNS Koja
MHCTPYMEHTaIbHbIC
1

rpeGoBanmii 1 (popmanbblit
T ! 110/1X0/1) cpencrsa)
r, ! !
]
I

1

1

1

1

1

1

1

- 1 1

BriGop Hrepauns: ynyumenue :
paspaborka it Tl R R R R L Eo o LG R ‘6( -----------

1

1

1

1

[Cratnyeckuii ananns

anropuT™Ma T Hrepauns: paspaborka anropurma

|

Hamenenne

- | napamMeTpos
P| HHCTpYMEHTAIbHbIC 1
i ajnropuT™Ma

CcpeacTsa) 1

KOJla (aHaJIMTHKa, —

1
I
1
1 ICrarnyeckuii ananus
I
T
!
!

Pucynok 5 - Drtan moaudukanuu [IC B COOTBETCTBUM ¢ MOJACNBIO yIyUIICHUS
nokazareinei r¢pdextuBnoctu 11C

Kpome Toro, Ha maHHOM 3Tamne BBIIEICH OTIEIBbHBIN MpEaracMblii BapUaHT
Moaudukauuu 1IC, ocHOBaHHBIX Ha MapamMeTPU30BaHHBIX aiaroputmax. CTaTHUecKuil
aHajgu3 KoJa B JIAHHOM ciiydae 0OE€CNeYuBaeT MOJ00p HYXKHBIX MMapaMeTPOB 3a OJHY
uUTepalro, 4To Takke AS(QeKkTHuBHEE TPATUIIMOHHOIO TMOAXO0Aa C JAMHAMUYECKUM
AHAJIN30M F'OTOBOI'O MPHUIIOKEHUS.

Ha pucynkax 4 u 5 He mpuUBEICHBI OYEBHJIHBIC JCHCTBHUS, BBIMOJTHSEMBIC B
nporecce pazpaborku IIC, Takume Kak TMpeaBapUTENIbHBIM CTAaTHYCCKUNM aHaJu3
UCXOJTHOTO KOJa, KOMMWISIHS KOAa, MOWUCK U YCTPAHEHHsS OIIMOOK, T.K. JIaHHBIE
JIEUCTBUS SBJISIOTCS OOS3aTENbHBIMA W HANpPSIMYI0 HE OKAa3bIBAIOT BIUSHUSA Ha
uTOTOBYIO0 2 (hekTuBHOCTH TpoekTHpyemoit T1C.

B tpamunimonnom mnoaxone s¢dextuBHocTh IIC wucciaegyercs B mpoiiecce
JTMHAMHYECKOT0 aHajii3a Mociie mojiydeHus padotocrnocooHoit Bepcuu I1C, mpu 3Tom
aHAJIM3UPYETCS YK€ TOTOBBIN KO, B KOTOPBIN 3a7105KEHBI BO3MOKHBIE HEI(P(HEKTUBHbBIC
MPOEKTHBIE peleHust. CTaTUYEeCKUI aHAIN3 TPAIUIIMOHHO UCTIOJIB3YETCSl HA HAaYaJIbHbBIX
JTamnax Jjis moucka omuook, nedexros u yszsumocteit 11C. B npennaraemom nojaxoje
npemjiaraeTcss  BKIOYMTh  aHanmu3  d¢pdextuBHoctn  IIC B paHHUe  H3Tambl
MPOCKTUPOBAHMUS, B YACTHOCTH, B 3TaIl pa3pabOTKH UCXOAHOTO KOJIa.

[Ipenyaraemplii MOX0J] TMO3BOJISIET MOBBICUTH 3(dektuBHOCTh [IC Ha sTare
pa3pabOTKH 3a CYET YMEHBIIICHUS OOIIET0 BPEMEHHU peaTh3aIiiy 3Tama. ITO CTAHOBUTCS
BO3MOXKHBIM 33 CUeT VIy4YIIeHHs Tokazareneld dS(OPEeKTUBHOCTH B pe3yibTaTe
MpUMEHEHUsT (POPMATBHBIX MOIXOJ0B K MOAMGUKAIMKN aIrOpUTMa W ONTUMU3AIUN
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KOZIa, 4TO B LIEJIOM NPUBOJUT K COXPAHEHUIO WM YMEHBIICHNUIO KOJUYECTBA UTEpaLUil
pa3paboTKH.

JUis TpUHATUS TPOEKTHBIX PEUICHHM IO TMOBBIIIEHUI0 3(PPEKTUBHOCTU
npoektupyeMbix [IC B pamkax Mojenu ynydieHus nokasarenen 3pdexTuBHOCTH ObLIa
npeIokKeHa MaTeMaTH4ecKasi MOJIeNb OeHKH 3 dexTuBHOCTU MpoekTupyeMbix [IC B
I'BC ¢ pa3nuyHbIMM XapakTEpUCTHKaMHU. B paMkax JaHHOM MOJAENN MpPEeIJIOKEHbI
METPUKH, TO3BOJISIONINE OCYIIECTBIATh OLEHKY 3PdextuBHoCcTH [IC Ha pa3znmuuHbIX
sranax XKL (pucyHok 6).

Cs = {C¢,Cy,C <
s = (Ce, Gy, Cg) M¢ = fc Sy, Sp.Rp)

MUcxoaHbiin i> Ty, Tp, P, Nyem» )
xon Pi = Ncacue, Nsc,Nygc, Ny, My = fv (Gs,Ry)
¢~ ) Nyp, Spy,U,TU,D,Byax,Bay, .
M. = Gry,Gp,Gr, G G
NGPU,OPvNGPU,MEMvLJNS G fG( TU D L B max Bav)

Pucynok 6 - Maremarnyeckasi MOAEINb OLIEHKU 3(P(HEKTUBHOCTH MPOECKTUPYEMBIX
I1C
rae (s — xapakrepuctuku ['BC, B T.4. C(; — XapakTepUCTUKH MOACUCTEMBbI mamatH, Cy, —
XapaKTEPUCTHKH TOJCUCTEMBbl BEKTOpH3amuu BbraucieHuit, C; — xapakrepuctuku GPU; P — |
MHOXeECTBO ompezenseMplx mapamerpos IIC, B T.u. Ty — Bpems paboThl ¢ HaMAThIO, 1 p — BpeMs
BBIIIOJIHCHUS ITPOTPAMMBI, P - YCPECAHCHHOC 3HAUCHUEC BCPOATHOCTU KCUI-IIpOMaxa, NMEM - 4YHUCJIO
o0OpaleHuii K OCHOBHOM naMmATH, Ncgcyp - 9MCIO oOpalleHuid K xem-namaru, Ng.— HeoOxommMoe
YUCJIO CKAJSIPHBIX onepauuii, Nypc — YUCIO Olepauuid ¢ Y4eToM BeKTopuzauuu, Ny — 4Yucio
HEBBIPOBHEHHBIX BEKTOPHBIX OOpallleHui K namsaTH, Npy— oOliee 4uciao BEKTOPHBIX OOpaleHU K
naMsiTH, SPV — HNOTCHUOHUAJIBHOC YCKOPCHUC, U - A0JIs1 HCBBIPOBHCHHBIX onepaunﬁ, TU — JOJIA
HCIIOJB30BaHHBIX IIOTOKOB, D — CpeaHssl IIIOTHOCTDb BBI‘-IPICJ'I@HPIﬁ, Bmax — MaKCHUMalIbHBIM YPOBCHB
HecOalaHCUPOBAaHHOCTH MIOTOKOB, By, — cpeHuii ypoBeHb HecOalaHCMPOBAHHOCTU NOTOKOB, Ngpy op
- yncno onepauuid B notokax GPU, Ngpy ygy — UMCHO onepanuii oOpalleHUs K IaMATH B IMOTOKax
GPU, L — creneHp JTOKAILHOCTH JaHHBIX, NS — YUCIIO TIOTOKOBBIX OOPAMICHUH K ITAMSITH.

Ha Bxon monenu mopaercss UCXOAHbIA KoJ mpoektupyemont 1IC, nist koToporo
OTIPEJIEIISIIOTCA MapaMeTpbl, HEOOXOAUMBIE JIJISl BEIYMCIICHUS COOTBETCTBYIONIUX METPUK
[1C (Tabnwua 2).

Tabnuua 2 — Metpukn MareMatudeckor mojaenu oreHku 3¢ dextunoctu 11C B
['BC ¢ paznuyHbIMU XapaKTEpUCTUKAMU

Metpuka Cnioco0 o1eHKH
Yckopenue S, = Tpq 7= YN (N« NG
= Jp = i top + 2.5 Noglag, xt +

NpOrpaMMbl d / Tp'"P 25—1( s,0p = “~op Zg—l s,g( 59 ™ ‘mem

+(1 — as,g) * tcache))
VYckopenue padoTsl _ Ty _ wNs wNG
c HaMI:ITBIO P S = /TM2’ Ty = X5y g=S1 Ns.g (as,g * tmem + (1 - as,g) ok tcache)
CHIDKeHIE P N,

R, = '1  p = ''mem
BEPOATHOCTH Kell- P /p 2 / (Nmem + Neache)
npomaxa Ns NGs Ns NGs

Nimem = Z Z(Ns,g * as,g); Neache = Z Z (Ns,g * (1 - as,g))

< s=1g9=1 N s=1g=1

YBennueHue

G. = °PV2 Sp, = 'sC
HOTEHIHATBEHOTO S / Spy1”“FV / Nygc,

YCKOPCHUS
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MeTtpuka Crioco0 oreHKHu
N,
CHUKeHHE 10J1 R, = Uy /U U= "/
HEBBIPOBHCHHBIX 2 T
oOpareHui
VBenu4eHue 10Iu TU NB
UCITOJIb30BAHHBIX Gry = Z/TU TU = z NT; /(NB * NTp)
IIOTOKOB
VYBennueHue NB NTb
o D
CPEHCH IOTHOCTH | G, = Z/D , Z z Nop bt/ Nmemp,t /(NB * NT})
BBIYMCIICHUAN 1 gt o
VYBenuuenue NB NWp
CpeIHel cTerneHn G, = LZ/L L= Z Z NSpw/Npw /(NB * NWp)
JIOKAJIBHOCTH 1 et o
JTAHHBIX
VBenuueHue B NTw
1, max
CTCICHH GB, max — B y Bax = max | max Nop,i,w/z Nop,k,w
cOaTaHCUPOBAHHOCT 2, max w L =
" IIOTOKOB Nw NTy, NTy,
Bl av
GB,av B av oplw Nopkw (NW *NTW)
2 av w=1 i=1

rae Ng — 4ucio maroB ajlrOpUTMa, S — HOMEp 111ara ajaropurMa, NS’Op
CpeHee BpeMs BBIIOJHEHMS OIeparuil

— YHCJIO orepanuii 00paboTKu
JNAaHHBIX, BBIIOJHAEMBIX Ha S-M MHIare aJIropuTMma,, top_
00paboTkn maHHbIX, NGg — YUCIIO MOJAMHOXECTB, COJEPKAIINX, ONepanuu oOpaiieHus K MaMsITH C
PAaBHBIMH 3HAYCHUSAMU BCPOATHOCTHU KCHII-IIpOMaxa B pPaMKax S-TO mIara aJropuTrMma, g — HOMCp
TIOJIMHOKECTBA, COIEPIKAIIETO ONEPAIMH O0pAIEHHs K IaMATH B paMKax $-To 1ara anropur™a, Ng ,—
YKMCIIO ONEPALMH B MOJAMHOXKECTBE HOMEDP J, A5, — BEPOATHOCTH KEWI-IPOMaxa MpH OOpallleHuH K
NaMsITH B TIOJMHOXKECTBE ( MpPH BBHIMOJHEHWH S-TO Iara ajaroputMa, tp,., — 3HAYCHHE BPEMEHU
oOpallleHuss K OCHOBHOW IaMATH Ha II€JIEBOM BBIUYMCIUTEIBLHOW apXUTEKTYpE, t.qche — 3HAUCHHE
BpeMeHH oOOpallleHuss K KelI-MaMsATH Ha I[eIeBOM BBIYMCIUTENBHON apXUTeKkType (YCKOpeHue

NT; -
WCIIOJIb30BaHHbIX MIOTOKOB B 1-M OJIOKE (yBETMYEHHUE JIOJIU UCTIONB30BAHHBIX TIOTOKOB), Ny, ) 1— YHCIIO
omnepanuii 00pabOTKH JaHHBIX B t-M MOTOKE b-ro 010Ka, Npem p— YUCIO ONepanuii oOpameHus K

nporpamMmsel), NB - uucino 0y0koB MOTOKOB, NT), — 4HCIO NOTOKOB B OJOKe, YHUCIIO0

namsTi B t-M HOTOKe b-ro Onoka (yBenuueHUe CpeAHed IMIJIOTHOCTH BbluucieHuit), NW, - uducio
BapnoB B Oioke, NSjp,,— 4YMCIO NMOTOKOBHIX OOpAallcHUWM K NaMaTH B W-M Bapme b-ro Onoxa,
Ny, ,,— obmee uncno oOpanieHuii K MaMsATH B W-M Bapre b-ro 0510ka (yBelnn4eHHE CPEIHEN CTEIEHH
JIOKAJIbHOCTHU JIAHHBIX), Nop, iy - YUCIIO ONEPALUH B i-M MOTOKe W-r0 Bapma, NT,,— 4iClIo MOTOKOB B
Baprie, NW — oOriee uncio Bapnos (yBeIHMUEHHE CTETIEHN cOaIaHCUPOBAaHHOCTH TOTOKOB).

Bo3moxHO hopMupoBaHre TPEX TPy METPHK:

- M, - rpymnma MeTpUK, Xapakrepusyrwomas 3(PGEeKTUBHOCTh CTpaTeTun
KEIIMPOBAaHUS JaHHBIX;

- My, — rpynma MeTpUK, XapakTepusyromas 3(PQ(eKTUBHOCTh BEKTOPHU3AIMU
BBEIYHCJICHUU;

M; — rpynma MeTpuK, xapakrepusyromias 3((EeKTUBHOCTh HCIIOIb30BAHUS
GPU.

B Tperheld rmaBe B KadecTBE MNpUMEpa NPUBEIACH MNPUKIATHOU MPOTOKOJ
OmnpcaACICHHUA MCTPHK I1C JJI1 OLCHKH 3(1)(1)CKTI/IBHOCTI/I HCIIOJB30BaHUA ITOACHCTEMBI
namMATU OJ1 pa3jIM4HbIX IIAaTTCPHOB MIUKIOBOro AO0CTyIIa K OJICEMCHTaAM MaAcCCHBa
(rabnuua 3).
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Tabnuua 3 — YcpeaHeHHOE 3HaY€HUE BEPOSTHOCTH KEILI-ITPOMaxa MpHu HUKIOBOM
JIOCTYTIE K 3JIEMEHTaM MacCHBa

ITarrepH nocryna BeposTHOCTB Kem-nnpomaxa
ITarrepn 1 — ijk; oOpaiieHune BIoJIb CTPOK MaTpHIlbl, N TPOX0I0B 1-k) k
BJIOJIb KQXKIO0W CTPOKH N + N3
IMarrepu 2 - jKi; oOparienue BIOJAb CTOJOIOB MATpPHUIBI, N A-D=x*c lIl=xc
MIPOXOJIOB BJIOJIb MATPHIIBI 110 CTOJIOIIAM N 8« N
[Tarrepn 3 - ikj; oguH MPOXOA BIOJIb MATPHUIIBI MO CTPOKaM, B 1
paMKax Kaxaoro mpoxoja N oOpaiieHuid K KaKI0My dJIEMEHTY 8x N
[TarTepH 4 - jik; oOpaiieHne BIOJIb CTPOK MaTpuUllbl, N MTPOXOI0B 1
BJIOJIb MATPHUIIBI N2
[TatTepH 5 - kji; oOpaimienne Bosib CTOIOOB, N ITPOXOA0B BIOJIb 1-D=x*c LIxc
Ka)kJI0r0 cToJI0na N 8x N
[TatTepn 6 - kij; onuH mpoxoJ BAOIL MaTPHUIIBI MO CTONOLAM, B a-0n L
pamKax Kaxjaoro npoxoaa N oOpaimeHui K KaKI0MY dIEMEHTY N 8« N

rane N * N — pa3MepHOCTh MaccHBa, kK — mapameTp, YYUTHIBAIOIIMN pa3mep CTpOKH MmaccuBa, [ —
napaMmeTp, YYMUTBHIBAIOUIMI pa3mep CTojiOlla MacchBa, € — MapaMeTp, YYUTHIBAIOIIUN CHU)KEHUE
3¢ pekTUBHOCTH CTOIOLOBBIX TATTEPHOB JIOCTYIA B MHOXKECTBEHHO-ACCOLIMATUBHYIO KEII-TIAMSTh.

B mporecce monydenus MeTpuK B TabjMIe 3 YYUTHIBAIOCH BIMSHUE allllapaTHOM
NpeIBBIOOPKH TaHHBIX (6)
Nimem = Nmem * (b +g*(1— b)); (6)
1€ Nppem — YUCIO OOpAIlleHH K MaMsITH, OICHEHHOE C y4eTOM MpEABBIOOPKH MaHHBIX, b — moiis

HEYCHELIHbIX MPEeIBBIOOPOK, g — J0JsI BpEMEHU Ha CUMTBHIBAHUE NPEABBIOPAHHON paHee CTPOKU OT
MOJIHOTO BPEMEHHU oOpallieHus K maMsTi 0e3 npeaBbIOOPKH.

PaccunTannblie mapameTpsl 0a30BBIX MATTEPHOB JIOCTYNA OBUTH HCIOJIH30BAHBI
i omleHKH A((HEKTUBHOCTH NPOTpaMMHBIX peanm3armii 3amad BLAS (Basic Linear
Algebra Subroutines) 3 ypoBus. IlpoBeneHHBIC BBIYUCIUTEIBHBIC SKCICPUMEHTEHI
TIOJTHOCTBIO TIOJITBEPKIAI0T BBIBOJIBI, CACIAHHBIC HA OCHOBE PACCUMTAHHBIX 3HAYCHHN
METPHUK.

bruta uccnenoBana npodaemMa OICHKH 3HAYCHUN BEPOSITHOCTH «XOJIOTHBIXY HITU
00s13aTENILHBIX KENI-MPOMaxoB. B ciiydyae HENPEphIBHOTO PACHOJOXKCHHS JAHHBIX
(pUCYHOK 7) BEpOSTHOCTh KEII-IIpoMaxa onpeaeiseTcsi B cooTBeTcTBHHU B (7) 1 (8).

BaxHpIM B JaHHOM ciyd4ae SIBJSIETCS BOIPOC OIPEIESIICHUS MaKCHUMaJIbHOTO
pa3mepa 0JioKa, TPU KOTOPOM TE€HEPHPYIOTCS TOJBKO «XOJIOJHBIC» TPOMAxH U He
NPOMCXOTUT BBITECHEHHS CTPOK M3 KEII-aMSTH, T.K. JAaHHBIH BOIPOC HCCIEIyeTCs B
npolrecce pa3paboTKu OJIOUHBIX aJIrOPUTMOB.

(1) > [X X X XX X X X X X X X] ] 1 (7)
@ ﬁxlilx[ilxxxxxxx P = ——
— > [ x|x|x|x|x|x[x]x|x]|x[x]x
xxxxxx[:lx[:]x[?x (L/B)
(8) —» [x]x x x[x]x x x[x]x 1 (8)

XX X R AK XXX
(4)—->.xxxxxxx-xx
XXX XXXXX XX
XXX XXX XX
XXX XXX XX
XX X0X X XX X
XoX XoX % XaX X

P=—
k

rae P — BeposiTHOCTD Kemi-ipomaxa, B — nnuna (sizeof)
NEepPEMEHHOHN MCMOIb3yeMOro TUIA JaHHBIX, L — niuuHa
KeUI-TMHUA, K — YHCII0 DIIEMEHTOB, MCIOJIb3YEMBIX B
Kell — JINHUH.

6) —»

X X X X X X X X
X X X X X X X X

xX X X X

X
X
X
L [x a
PucyHok 7 — «Xosogubie» npoMaxu

Beipaxxenue (7) uCHONb3yeTcsl Il HENPEPBIBHO PACHOJOKEHHBIX JIaHHBIX
(BapuanT 1 Ha pucyHke 7), BeIpakeHue (8) A1 CYUTHIBAHUH C MHTEpBajIaMH (BapUaHTBI

2-5 Ha pucyHke 7). B Bapmantax 1-4 (pUCyHOK 7) KeUI-IaMATh 3aIlOJHSIETCS
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PaBHOMEPHO, CJI€IOBAaTEIbHO, MAaKCUMAJbHBIA pa3Mep Takoro OJ0Ka COBMAJAET C
pa3mepom keu-maMmsaTu. OQHAKo, B Cllyyae PEryJsipHOrO JOCTyna K JTaHHBIM, KOTOpPbIE
HE PAcCIOJIOKEHBl B MaMSITH HEMPEPHIBHO (PUCYHOK 8), 3TO HE Tak, MOTOMY YTO Kell-
NaMATh 3aI0JIHIETCS] HepaBHOMEPHO. 11l olleHKu pa3Mepa O0ioka Bp B TaHHOM ciydae
OB MPEJIJIO’KEH aHATMTUYECKUNA METOJ] ONpEENICHHs] MAaKCUMAJIBbHOTO pa3mepa OJoka
IPU PEryJISIPHOM JOCTYyIE K TaHHBIM (9).

Br Br Br Bg:Cgz = Cpy, Ve < M, CE Cy (9)

[ | | I [ | rae M — creneHs acCOUMAaTUBHOCTHA Kell-laMsaTi, Bp —
B Be JUTMHA TIaTTEpHa JocTyna, Br — cuMThIBaeMas 4acTh
PHCyHQK 8— PerJIHpHLII?'I JOCTYIl K HAaTTepHa JIOCTyIa, Cp- MHOXKECTBO KEHIMPYEMBIX
namMsaTu snemenToB Bp C, - MHOxecTBO Kem-nuuuMd, Cpy—

MHOXECTBa KCII-ITAMATH.

Anroputm peanu3zaiyu Beipaxenus (9) (pucyHok 9) COOTBETCTBYET MPUMEHEHHUIO
MeTo/1a B 00IIeM ciiydae, B T.4. JJIS CJI0KHOU CTPYKTYPHI IIabJI0HA MIIH HEPETYISIPHOTO
JIOCTyTIa B MaMsATh. B cilydae peryisipHON CTPYKTYyphl 1Ia0JIOHa, pa3Mep KOTOPOTo He
MIPEBOCXOJIUT pa3Mepa KelI-NaMsITH, BCE KOJIMYECTBEHHbIE XapakTepucTUKU MeTpuk 11C
MO>KHO MOJYYUTh AaHATUTUYECKUM CIIOCOOOM, BKIIIOYAsl U MaKCUMAJIbHYIO JUTMHY OJIOKa
naHHbIX. [l peanuzanuy aHAIMTUYECKOTO TMPUMEHEHMsI JTaHHOTO METoja ObLIu
chOpMyIUPOBaHbBl M JIOKa3aHbl YETHIpE TEOPEMbl, CHOPMYIUPOBAHBI CIIEJICTBUS U3
TEOpEM, HEOOXOAMMBIE JIIs ONpEENeHus 0ToOpakeHnst MHOXeCTB Cp 1 Cyy.

Q 1. Texymas anuHa 61oka paBHa (.

v Her 2. OTo0pa3uTh MHOXECTBO KEIIMPYEMBIX 3JIEMEHTOB
B =0 y TEKYILEero MaTTepHa Ha MHOXKECTBO Kell-TUHHH.

5T o D 3. OToOpa3uTh MHOXKECTBO KEUI-TUHWIA Ha MHOXXECTBA
Gl e KelI-MaMsITH

narrephy 4. Ecnmm 4uWCO  3alOJHEHHBIX JJIEMEHTOB BO  BCEX

v ! MHOXECTBAaX  KeHI-MamMsATH  He  Oojbllleé  CTENeHHU

€L~ Cu =By B aCcCOLIMATUBHOCTH, TICPEUTH K 1.5, WHaue K 11.8.
) T 5. Ilepexon k cienyronemMy NaTTepHy

6. Texymryto mmuHy OJI0Ka yBETMYUTH HA JUIMHY NAaTTEpPHA
7. Ilepeiitu k 1.2
8. Komnen

Pucynox 9 — Meton
KOJIMYECTBEHHOM OIEHKH METPUK
[1C

Teopema o popmuposanuu psi0oe 83aumHo npocmulx yucen (meopema 1). Ecnm x
U Y — TIOJIO)KUTEIIbHBIC B3aMMHO MPOCTHIE YHCIIA, TO YUCIOBOU P, MTOTYYCHHBIN KakK

L= (a*xx)%y,a=0,y—1, (10)
OyzeT conepkaTh 3HAUCHUS
L=0y-1, (11)

1 HC COACPIKATL ITIOBTOPOB.

Cneocmeue 1 uz meopemuvr 1. Eciu X W Y — MOJOKUTETbHBIE B3aMMHO MPOCTHIE YUCIA, TO
BBIBOIbI TEOpEMbI | CripaBeNTUBEI TaKXkKe I YUCIOBOTO psijia

L= (a*x+b)%y,a=0y—1,b= 0,x—1. (12)

Cneocmeue 2 uz meopemsi 1. Eciu X U y — MOJIOKUTENbHBIE B3aUMHO MPOCTHIE YMCIA, TO
YHCIIOBOM psiji, TOJYYeHHBIH ucnonb3oBaHueMm (10) Oe3 orpanwueHwii Ha 3HA4YeHHS a, OyIeT
colepkaTh KoHKaTeHauuio psaos (11). Jlpyrumu cinoBamu, B TOJIYYEHHOM psIy DJIEMEHTHI,
OTCTOALIME APYT OT ApYyra Ha y MO3ULUi, OyAyT coAepKaTh OAHU U T€ K€ 3HAYEHUS.

Cneocmeue 3 u3 meopemsbr 1. MakcumanpHas UIMHA psaa, cHOPMUPOBAHHOTO C
ucnonb3oBanuemM (10) 6e3 orpaHHUEHHI HA 3HAYCHHS a U HE COJCPIKAIIETO MOBTOPOB, paBHa Y.
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Teopema o0 3anousemocmu_Ynopsa0OYeHHbIX MHONICECE, MOWHOCHU KOMOPbIX
ABIAIOMCSL 83AUMHO Npocmuimu yuciamu (meopema 2). Ilycte L 1 M — nOJ0OKUATETBLHBIC
B3aMMHO MPOCTHIC YHCIIA, €CTh IMOCIEA0BATEILHOCTh Yncel (CUCOK) A, ¢popMupyemas
KaK KOHKAaTeHalMsl TocieaoBaTeabHOCTeN (cmuckoB) A’ niuuHbl L co ciemyromei

CTPYKTypOU

A =]0,..,L—-1]. (13)
ITycTh Taxxke ecTb cnucok B’ mmuHel L, copepxanuil oqHy €QUHULY B ITO3HIIMH
k, ocrtamphpie Hynu. IlycTh ecTh ynopsaoueHHOoe MHOXecTBO B momHoctH M,
NEpPBOHAYAJIBHO COJEprKallee HyleBble 3HaueHus. IlycTe ocymecTtBiserca 00Xxon
cnucka A, Uid KaXJIOoro ajeMeHTa BbluMcisercs ¢yHkuus f, Moauduumpyromas
AJIIEMEHTHI B.
f:B(i%M) = B(i%M) + B'(i%L), (14)
rjae 1 — HoMmep aneMmenTa A. Torja CymecTByeT KOHEYHOE YUCIIO S MPOUIEHHBIX

3JIEMCHTOB A, ITOCJIC KOTOPHBIX BCC 3JICMCHTLI B 6Y,Z[YT COACPKATb CAMHUIIBI.

Cneocmeue uz meopemul 2. Ecnu B yCIOBUU K TeopeMe 2 IJIMHA criucka paBHa S=L*M, criucok
B’ copepuT eAMHUIIBI B V MO3UIUAX, B OCTAIBHBIX COJECPKHUT HYJIH, V<=L, TOraa mocie nmpoxoja A
BCe 2JIeMeHThI B OynyT comepxars v.

Teopema o ¢hopmuposanuu psi0oe uucen, He AGIAIOUWUXCA 83AUMHO-NPOCHBIMU
(meopema 3). Ilpeacrasnser coboit 0000I1IeHre TeopeMbl 1 Ha cilydau, KOT/1a X U y He
SBJISIIOTCS] B3AUMHO MTPOCTBIMU YU CIIAMM.

Teopema o 3anonneHuu YUCIAMU YHOPSAOOYEHHLIX MHOMCECME, MOWHOCHU
KOmMopblx He ssnsaowumucs e3aumuo-npocmoimu (Teopema 4). Ilyctb L u M He
SBJISIIOTCSL  B3aMMHO TPOCTBIMU ~ YHMCJIaMH, Torjaa CcGOpMUPOBATH PaBHOMEPHO
3aM0JIHEHHOE OJWHAKOBBIMU 3HAUYEHUSIMU MHOKECTBO B B COOTBETCTBUM C YCIOBHUEM
TEOPEMBI 2 HEBO3MOXHO.

WNuTtepnperanus mapameTpoB, UCIOJIb3yeMbIX B TeopeMmax: L — miauHa GJ0KOB
(mIar mo maMmsATH B AJIEMEHTaX KeUI-JIMHWM), M — YUCJIO0 MHOXKECTB B MHO>KECTBEHHO-
acCOIMaTUBHOM Kelle, B’ — MHOXECTBO, ONpENEIAIONIEe KEIIUPYEMbIE 3JIEMEHTBI
mabyIoHOB, B — MHOXecTBa Kella: HA0Op 3HAYCHMM, KaXKJI0€ U3 KOTOPBIX OMpeeiseT
KOJIMYECTBO 3aMIOJIHEHHBIX 0AaHKOB B COOTBETCTBYIOIIIEM MHOXECTBE, A - mamsTh. Toraa
C ydeToM OJIoK-cXeMbl (pucyHok 9), teopeM (1-4) u ciencTBUN U3 HUX ONPEACTUTH
MaKCHUMAJIbHBIA pa3Mep 0JI0Ka, HE BBI3BIBAIOIIMN KEII-IIPOMAaX0OB, MOXKHO CJICTYIOIIUM
obpazom (pucyHok 10).

brima ocymiecTBiieHa SKCIEPUMEHTANbHAS MPOBEPKa METOJa KOJIMYECTBEHHOU
onienkn Metpuk [IC, mnoxaTrBepauBIIas €ro JAOCTOBEPHOCTh. BhIUHCIUTENbHbBIC
AKCHEPUMEHTHI MPOBOJWINCH Ha y3JaX [ETEPOTEHHOTO BBIUHMCIHUTEIBHOTO KiacTepa
BoarI'TV, y37b1 KOTOPOTO SBISIOTCS HEOAHOPOAHBIMU. [Ipu 3TOM B KauecTBe 6a30BBIX
y3JI0B  JUIsl TPOBENCHHUS  DKCIIEPUMEHTOB  Hcmonb3oBamuch BC Ha  0aze
mukpormporieccopo Xeon E5-2650 v3(x2) 2.3 GHz, o6opynoBanuasie GPU RTX 3060 u
Nvidia P100.

[Tpennoxxena MuTaliMoHHas: MoAeNb ucnoHeHus nporpammel (MMUII) B I'BC ¢
MEpPapXUUECKON CTPYKTYpOUl MamMsTH, MO3BOJISIIONIAs onpenenarth xapakrepuctuku [1C
Ha 33JaHHOW 1EJEBON BBIYMCIHUTEILHON apXUTEKType, a Takke KOH(Urypaluio

nojacucTeMbl namsaTu ais npoektupyemor IIC U mapameTpoB ajaropuTMoB (PUCYHOK
11).
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; | 1. Onpenenuth XapakKTEPUCTUKH aAHAIU3ZUPYEMOTO

v YpOBHS Kewm-naMsATd (B YAacCTHOCTH, OIPEACIINUTD

Y S=H_OK(L,M) KOJIMYECTBO MHOXKECTB B KaXJ0M OaHke M).
C={Cy,CLM} Sl 2. OmpenenuTth XapakTEPUCTHKHU MIA0JIIOHA JOCTyMa K
T 5 namMat  (MHY 1mabjoHa B KeHI-JIMHMSX L,
- N=c*M, KOJIMYECTBO KEII-IMHUA B IIA0JOHE, K KOTOPHIM
B={G; B, L} T MIPOM3BOJUTCS OOpalleHue — KOJUYECTBO EIMHUI[ B

é MHOXecTBe B’).

3. Ecam KONMMYECTBO 3alOJHEHHBIX JJEMEHTOB B
MHOecTBe B’ MPEBLIIACT CTCIICHb aCCOMUATUBHOCTU
AHATU3UPYEMOTO YPOBHS KEII-TIAMSITH, TIEPEHTH K 11.7
4. Onpenenuts S=HOK(L, M);

5. C yuerom creneHn accouumaTUBHOCTH M,
ONPENIETUTh MAaKCUMAJIbHBINA pa3Mep 0s1oka N.
Pucynok 10 — Meton ompenencaus 0. Ilepeity k .8 §

MAKCHMAaJIBHOTO pa3Mepa 6I0Ka, HE 7. Peann3oBarh HTEPALMOHHBIA BapuUaHT METOAA

BBI3BIBAIOIIETO KEII-IIPOMAaXOB (pucynok 9)
n P 8. Kownerr.

NUMMUIIT npencrasiser coOol IeTEPMUHUPOBAHHYIO MOJEIb, OIHUCHIBAIONIYIO
['BC c wuepapxuyeckol CTPYKTypoull MamsiTh, cojaepskameid N ypoBHEH, HNpH 3TOM

Ka)KIIBIfI YPOBCHL pPCAIN30BaH B BHUJAC KCHI-IIAMATH, KOTOPAA OIIMCBIBACTCA KOPTCIKCM
(15).

Het

D(B)>M_

METHOD()

Ci=(S,AAM, VLI, DL, W,W,),1<i<N (15)
rie Sp- pa3aensieMocTb, A — acCoIUMaTUBHOCTh, M — CTENeHb acCOlMATUBHOCTH, V — pasmep, L - minHa

KeII-TMHUA, | — UHKITIO3UBHOCTh, D - alIrOpUTM BBITeCHEeHus, L.- mareHTHOCTH, W, — Write-through,
write-back, . W, - write-allocate, write-around.

C; = (S A M, V,L1, D, L, W)

H:(PJTIKJ U)

cxopmeii U = fuju = Uy(k * s}, :> S =(N, {C})
Kon P={p:(@p)H = Hoptfl
s;€S, ke{o, 1}}

Pucynox 11 - HWmurtanmonHass Mojenb wucnoiHeHus: mnporpammbl B ['BC ¢
MEPAPXUUYECKON CTPYKTYPOU NaMsITH
B UMMUII onpenerensl onepanyu I1ByX TUIIOB:
- MHOKECTBO T0JIb30BaTeNbekux onepaiuii U (16);
- MHOYKECTBO CHCTEMHBIX (aTOMapHBIX) oneparuid S (Tadbimna 4).
U={ulu=UL(k*s)}s; €S, ke{0,1}} (16)
Tabnuna 4 - ATomMapHbIe CHCTEMHBIE OTIepaIliy

O0o3HaueHue Onucanue

data[l][tag] =d 3aIKCh B CTPOKY Kelll-MaMsATH ypoBHs | ¢ Terom tag nanusix d;

d = data[l][tag] CUUTHIBAHUE CTPOKH KelI-NIaMsTH YpoBHs | ¢ Terom tag

reg = data[1][tag] | cuuThiBanme nanubIX U3 L1 B peructp MI1

data[1][tag] =reg | 3amuck comepkumoro perrctpa MIT B L1

d = mem|tag] CUMTHIBAHUE CTPOKU, HICHTUDUIIPYEMON TETOM tag, U3 maMsITH

mem[tag] = d 3aIlUCh CTPOKHU, HACHTH(OUIIUPYEMOI TEroM tag, B MaMsTh

c = HIT(l, tag) IIPOBEPKA, HAXOJUTCS JIM CTPOKA C TETOM tag B ypOBHE KeII-NTaMTH |

tag = ALG(I) ONPEAEIICHUE TEra BBITECHAEMOW CTPOKM C YpOBHA | B COOTBETCTBUU C

HCITOJIB3YCMbBIM aJITOPUTMOM 3aMCIICHUA CTPOK
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Ha ocHOBe cuHCTeMHBIX onepauuid 0OpU HMUTAIMOHHOM  MOJIEIMPOBAHUU
bopMHpyeTCS MHOKECTBO MMOJIb30BATENLCKUX omnepanuid. Huke mpuBeneH MmceBlOKOA
omepaliy CYNTHIBAHUS TAHHBIX U3 MaMSITHU.

read (tag, N){

curl =1,

while ((! HIT(curl, tag)) && (curl <= N)) curl++;

if (curl <= N) return read_cache(tag, curl, N);

else{ return read_mem(tag, N);}

¥

[Ipr MUTaLIK UCITOTHEHHST IPOTPAMMBI OCYILECTBISIETCS ITOUCK CTPOKH B KEII-
namsiTH, HauumHas c ypoBHS L1, m ee cuuthiBanue read cache(). Eciam ctpoka
OTCYTCTBYIOT B KEII-MAaMATH, OHA CUYUTHIBAETCA W3 OCHOBHOM mnaMsiTu. Peanusanms
CUCTEMHBIX ONepalii CUUTHIBAHUS W3 33JITaHHOTO YpOBHs Kemi-mamsitu (read cache()) u
CUMTBHIBAHUSI U3 OCHOBHOM mamsaTu (read mem()) 3aBUCHUT OT croco0a opraHu3aluu
kem-namatu. B Tabnune 5 npuBenen nceBaokon peanusanuu B UMUIIL cucremubix
omnepanui 1l Kem-MaMsITH C HHKIIFO3UBHON OpraHU3alluei.

Tabnuua 5 — Peanuzanusi CUCTEMHBIX ONEpAlMKA CUUTHIBAHUS JAHHBIX IS Kell-
MaMsITH C UHKJIFO3UBHOM OpraHu3aluen

CuutpIBaHNE U3 KEII-TIAMSITH

CyuTbpIBaHHE U3 TAMSITH

read_cache(tag, I, N){

curl =1,

tag_pushed = ALG(1);

while (curl < 1){
data[curl][tag_pushed] = (data[l][tag]);
curl++;}

read_mem(tag, N){
tag_pushed = ALG(1);

t = mem[tag]

curl =1,

while (curl <= N){
data[curl][tag_pushed] = t;

return data[1][tag];} curl++;}

return t;}

Ha Bxonx HMMII nonmaercs ucxomueii kon mnpoektupyemoit 1IC, kotopslit
npeoOpa3yeTcs B MOCIIEI0BATEILHOCTh TOJB30BaTEIbCKUX orneparuii (16), BeimomHeHNEe
koTopbix moaenupyetcs B 'BC ¢ xapakrepuctukamu (15). B pesynbrare popmupyrorcs
BBIXOJIHBIC MMapaMeTphl (Tabmuiia 6).

Tabmuma 6 — BreIxomHble mTapamMeTpbl MOJCIH WCTIOJHEHUS IMPOTPaMMBI B
MIOJICUCTEME ITaMSITH
HaumenoBanue BBIXO,Z[HBIC napaMCTphbl

Xapakrepuctuku IIC Ha neneBon
BBIUNCIIUTEIBbHON apXUTEKTYpe

H=(P, T, K, U)

P — BEpOATHOCTH KEUI-ITIPOMAXOB

T — onieHKa BPEMEHHU BBIIOJIHEHUS

K — k03¢ puiimeHT noBTOpHOro NCHOIH30BAHUS TAHHBIX

U — m0OponeHT HEeONTHUMaJbHBIX OOpalleHuid K MaMATu
(mrrpacen)
Kondurypanuns nozacucremsl | S = (N, {C})

namsati g 11C

N — 4nciio ypoBHEH KelI-ITaMATH
{C} — napameTpsI KemI-MaMsATH Pa3ITUYHBIX YPOBHEH

Omnpenenenue napamMeTpos
QJITOPUTMOB

P = {p: (EIp)H = Hopt}
P — MHO»X€CTBO MMapaMeTPOB

NMMUII npumeHseTcss B ciydae HEBO3MOXKHOCTH IIOJIYYECHUS 3HAYEHUN METPHUK
[1C ananmutryeckum cmocobom (cM. pucyHok 10 u Tabmmia 3).
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B HWMMII wucnonb3yercs €IUMHOE BUPTYaJIbHOE aJIPECHOE IIPOCTPAHCTBO.
[lepemeHHBIE W MacCHBBI pa3MEIAOTCS B HEM IOCIENOBATEIIBHO C YYETOM
BEIDAaBHUBAaHUS M BBIOpaHHOW TpaHysIpHOCTH. COOTBETCTBEHHO, KENI-MPOMaxu B
NUMMUII onpenensitorcs MO BHPTyalIbHBIM ajapecaM, Torga Kak B peanpHOl ['BC
BUPTyaJIbHBIE aapeca TPAHCIUPYIOTCS B (PU3NYECKHE C TIOMOIIBIO CTPaHUIHOU
aJipecanuy, ¥ IpoMaxu kemia GOpMHUPYIOTCS YK€ OTHOCUTEIBHO (DU3UICCKUX aIPECOB.

ChopmynmupoBaHbl ¥  JIOKa3aHbl YETHIPE TEOPEMBI, yCTAHABIMBAIOIINE
JIOCTOBEPHOCTh MozaenupoBanuss B VIMHUII npu BbeIMOMHEHMM psAna MOJEIBHBIX
npeanosioxkenunt. Ilpeanonaraercs, uro koHpurypamus kemi-mojacucremsl B UMUII u
peanbHoii I'BC coBnagaer, cOCTOSIHHE KEIlla U3MEHSETCS TOJIBKO IOJ BO3JCHCTBHEM
MOJEIUPYEMOU  Tpacchl, KElml SBISETCA JETEPMUHHPOBAHHOM  CHCTEMON €
(UKCUPOBAHHBIM AJTOPUTMOM 3aMEUICHUS, UTHOPUPYIOTCS ammnapaTHas IpeIBbIOOpKa,
TLB, aliasing wmexay cTpaHuniamu, npepbiBanusi, DMA wu japyrue BHeEUIHUE
BO3/JCUCTBUS, 4 HAYAJIIbHOE COCTOSIHUE KEIIa B MOJEIHN U PEAIbHON CUCTEME CUUTACTCS
OJIMHAKOBBIM.

06 sksusanenmuocmu yucia keuw-npomaxosé (Teopema 5). IlycTs Ipu cACITaHHBIX
BBIIIIE MOJEIBHBIX MPEINOIOKECHUAX IS PACCMATPUBAEMON BBIYMCIUTEIBHON CUCTEMBI
Y MOJICJIMPYEMOM 33/1a4M BBITIOJIHEHBI CIICAYIOIIUE YCIOBHS:

1) Bce Outhl aapeca, HCIOJB3yeMbIe IS BBIUMCICHHS HWHICKCA MHOXKECTBA
Kella, HEJMKOM MPUHAJIEKAT MO0 CMEIICHUSI BHYTPU CTPAHUIIBI.

2) KomndecTBO CTPOK Kellla, MOJHOCTBIO MOMEMIAIONIMXCS B OJHY CTpPaHUILY,
ABJISIETCS KPATHBIM YHCITY €0 MHOKECTB.

3) basoBbie agpeca 00pabaThIBAEMOT0 MacCHBa JAaHHBIX B MOJCIH M PeabHOM
CHUCTEME UMEIOT OJIMHAKOBOE CMEIIEHNE OTHOCUTEIBHO HAYAJIA KEII-CTPOKHU.

4) OroOpakeHHWE BUPTYyaJbHBIX  CTPAHUI], 3aHATBIX  PaCcCMAaTPHUBACMBIM
MacCMBOM, B (DU3MYECKHME CTPAHUIIBI SBJISETCS WHBEKTUBHBIM (JIBE pPa3IMYHbIC
BUPTYaJIbHbIE CTPAHUIIBI MAacCHMBa HE OTOOPaXarOTCS B OJIHY U Ty ke (PU3HUECKYIO
CTpaHuILy).

Torma nnst mo0OoM Tpacchl OOpallleHH K 3JIeMEHTaM MacCHBa YHWCIO Kell-
MMPOMAXOB B MOJIECJIA COBIAIAET C YUCIOM KEII-TPOMAXOB B pEAIbHOW CUCTEME.

bt chopmynupoBaHbl TPU TEOPEMBI, MOKA3bIBAIOIINE BIUSHUE HAPYIICHUS
OTJICJIbHBIX yCIIOBHUM 1—4 TeopeMbl 5 Ha JOCTOBEPHOCTH MOACIUPOBaHUS (Tabnuia 7).

Ta6numa 7 - Teopembl 6—8 0 COOTBETCTBUU YHCJIa KEII-ITPOMAXOB.

Teopema Hapyiiensslie ycioBus
6 VYcnosue 3 (cmemieHust 6a30BBIX aJpEeCOB MAacCHBAa OTHOCHUTEIIPHO Hauaja KelI-CTPOKH B
MOJIETIN ¥ PEANIbHOM CHCTEME Pa3InyaroTCs)
7 VcnoBue 1 (wacte OWTOB WHIEKCA MHOXKECTBA BBIXOAUT 3a TMPEICIBl CMEIICHHS
CTPaHUIbI)
8 Ycnosus 1 u 3 (HapylieHbl 0OTHOBPEMEHHO)

Teopembl 6—8 MOKa3bIBAIOT, YTO MPU HAPYLIEHUH OTIEIbHBIX YCIOBUM TEOPEMBbI
5 paBeHcTBO umcina kemr-npomaxoB mexay UMMUIT u peanbHol cuctemoit B o0IemM
cllydae He rapaHTHpyeTcs (CyIIeCTBYIOT KOH(GHUIYpallMK Kellla, 0TOOpakKeHUs CTPAHMIL
U Tpacc OOpallleHuid, MPU KOTOPHIX BO3ZHUKAET CYIIECTBEHHOE PACXOXKIEHUE MO YHUCITY
npomaxoB). Bmecte ¢ Tem, ISl THIIMYHBIX KOHPUTYpAIMi COBPEMEHHBIX MPOLIECCOPOB
U IIpU OOBIYHBIX PEXUMax pa3MelleHus (OKpacKu) CTPAaHUI] ONEPAIMOHHON CUCTEMOM,
HE CO3/IAI0IINX UCKYCCTBEHHO HEOJIArONpPHUATHBIX KOH(IMKTOB, MOKHO OKHUJATh, UYTO
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MOBEJICHUE MOJICIM M PEAbHOW CHUCTeMbl OyaeT Onu3kuM, a mnojydaembie B UMUII
OLIEHKM YHCJIa KEHI-IPOMAaXOB OKaXYTCS JTOCTATOYHO TOYHBIMU [JISI MPAKTHYECKOTO
aHaJIM3a JOKAIbHOCTH U CPABHEHUS BApUAHTOB KOJA.

Ha ocHoBe mnpenioxeHHBIX Mojeneid OblT pa3paboTaH KOMIUIEKC METOIOB
nobiteHus dddextuBHoctu I1C:

— wucroynb3oBanus moacucteMbl mamsta  ([TI1), Mmo3BossAONM NPUHUMATH
MIPOEKTHBIC PEIICHUS IO YJIYYILICHHWIO CTpaTeruu KemupoBaHus naHHbix B ['BC ¢
MEPapXUUECKON CTPYKTYpOU MAMSITH;

— BEKTOpH3aLUH BBIYUCJICHUN, MTO3BOJISFOLIUN n30exaTh MOTEPh
npousBoaurtenbHocTH [IC npu qocTyne K JaHHBIM;

— ucnoabs3oBanus GPU, mo3BosIOMMI NTOBBICUTh YPOBEHB 3arpy3KU U CTEIEHb
cOAJIaHCUPOBAHHOCTH 3arpy3KH MOTOKOBBIX MPOIIECCOPOB.

Meron nosbiieHus: 3p@exTuBHOCTH Hcnoab3oBanus III1 (merton ynydmieHus
ctpareruun kemupoBanus, MY CK) no3BosisieT cylecTBeHHO NOBBICUTh 3()()HEKTUBHOCTh
npoektupyemoii [1C (pucynok 12). MeToa cocTOUT U3 ABYX ATAIOB.

1. Ha nepBoMm 3Tarie BBIMOIHSIOTCS CIEAYIOLIUE AEHCTBUS.

1.1. Pa3Ouenue MHOXecTBa omepauui jgoctyna k mnamsatu U Ha
HemnepeceKaronmecs noaMHoxkecta U, ¢ paBHbIMM 3HAUEHUSMH BEPOSITHOCTH KElll-
IpoMaxoB P,

1.2. Ouenka yncna 3neMeHTOB N M BEPOSTHOCTEHN KEUI-IIPOMaxoB P B KaKIOM
MOJIMHOXKECTBE

1.3. Onenka yucna onepanuii apupMeTUKO-T0rMIecKol 00paboTku naHHbIX N,y
JUISL BCETO QITOPUTMa B LIEJIOM

1.4. Onenka BoiOpannoi metpuku [1C.

2. Ha BTOpOM 3Tarne BBIOJHSIOTCS CIEIYIOIINE IEUCTBUS.

2.1. AnHanu3 TMOJYYEHHBIX PE3YJIbTATOB, IIOMCK YYaCTKOB, OKa3bIBAIOIINX
HEraTUBHOE BIHSHUE HA 3(PPEKTUBHOCTH CTPATETUH KEIIUPOBAHUS

2.2. Koppekius anroputMa, mojydeHue HoBoro paszouenus U — U’

2.3. O1eHka HOBOTO 3HaYEHUS BRIOPAHHON METPHUKHU.

B naHHOM MeTOIE MCHIONB3YHOTCS CIEAYIOIUE
1 _ metpuku [1C:

g ‘"LJ‘U"-E""“">"'<' =const ‘ Sortl{Fe, (Na}. (Ta Jaea) ‘ 1) VYckopeHue mporpaMMbl B Ka4eCTBE METPUKH

1eJIecO00pa3HO UCIOJIB30BAaTh B TOM CIydae, €CIH

feiU = U’ Pon(Uf),,, = const ‘ KOPPEKTHPOBKA MCXOJHOTO AJITOPUTMA IPUBOIUT K

U3MEHEHUIO qucia apU(PMETHKO-IOTHUECKUX

Nep = o] ’ T' = Typ + Thoem ‘ onepauuii (Ha pHCyHKe 12 B KadecTBE METPHUKH

UCIIOJIB3YETCs YCKOPEHHE IPOrpaMMBl).
2) VYckopeHue pabOThl C MaMAThIO B KadeCTBE
METPUKHM 11€1eCO00pPa3HO HCIOIb30BaTh B TOM

faiU—=N, fpiU—P

T =Top + Tnem ’ S=T/T' ‘

; cilyuae, eciii KOPPEKTUPOBKA MCXOJHOTO alropuT™Ma
- HE TIPUBOJMT K M3MEHEHUIO 4YHMclIa apu(MeTHKO-
S JIOTHYECKMX OINepanyii, OJHAKO YMCIIO OIeparuii

0OpaIleHus K TIaMATH U3MEHSETCSL.
o) 3) YcpemHeHHOE 3HAYEHHME KEII-NPOMaxa B BHIIE
Pucynox 12 - Meron mOBBIMICHHS METPHKH 1I€IECO00PA3HO MCIIOIb30BaTh B CIIydae,
ypdexTuBHOCTH Hcnoab3zoBanus I1I1 eCTH KOPPEKTHPOBKA MCXOJHOTO AalTOPUTMA He

U3MCHSCT KOJIMYECTBO apI/I(I)MeTI/IKO-JIOI“I/I‘-IeCKI/IX
oTiepaIyii U oreparuii paboThI ¢ TAMSTHIO.
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Meron mnoBbiieHUsT 3(P(GEKTUBHOCTH BEKTOPU3alMKU BBIYUCICHUM (METOA
Belymux BekTopoB, MBB, pucyHok 13) mo3BOJsi€T CYHIECTBEHHO TIOBBICUTh
s dextuBHOCTh 1IC, B mporiecce BHIMOTHEHHUS] KOTOPBIX OCYIIECTBIIACTCS PETyIspHBIN
JOCTYII K JAHHBIM.

1. IlepBsiii aTan (popmupoBanue Habopa BB):
1.1. Onpenenenue pa3MepHOCTH HUCHOJIb3YEMBIX
nv = getNV(ida, rek:) BEKTOPOB, MX KOJUYECTBA NV, CMEIIECHUA HUX
A Sgelvich, e, ) HAYalbHBIX  2JeMeHTOB  vd a3MEpHOCTH
vd = getVD(da, siride, nv) ’ p P
1 oOpabaThiBaéMbIX ~ MAacCHMBOB  JaHHBIX B
HampaBieHUu o00pabotku Ilda wu 1704
m[] = getVecs(nv, vs, vd, v[) p p APYT
XapaKTEPUCTUK BEKTOPU3YyEMOI0 IUKJIA;
v 1.2. ®opmupoBanue BbIpOBHEHHbIX BB B
> i=0to (M-1)step nv e COOTBETCTBUM C  ONPEICICHHBIMH  paHEe
7 napametrpamu m[|;
1.3. On HU WH 11 HHBIX BEKTOPOB
b[] = getBlocks(nv, vs, vd, r]) 3.0 peaeie % A OJIyIIeu CKTOpO
Vs, CMeIleHU MPOEKIUN BEKTOPOB
v OTHOCUTEIEHO 00pabaTbIBacMBIX 0JIOKOB
—> j=0to (nv-1) step 1 TAHHBIX r[]
I 2. Bropoil sTan (U3MEHEHHE IMKJIOB JOCTYyIa K
i e D JAHHBIM):
| 2.1. Pa3BepTKa LMKIJIa B COOTBETCTBUU C YUCIIOM
BEYIINX BEKTOPOB;

2.2. I3MeHeHue napaMeTpoB LUKJIA (CTapTOBbIN
JJIEMEHT, KOJIMYECTBO HWTEpaluid Hu T.0.) B
COOTBETCTBHUM C  TapaMeTpaMu  BEAYIIUX

Pucynok 13 — Merton Begymux BEKTOPOB BEKTOPOB.

[Ipumenenne MBB mno3Bosiier u30aBUTBCS OT OrPaHUYEHUM, MPUCYIIMX
0JI0KaM aBTOBEKTOPHU3AI[MU COBPEMEHHBIX ONTUMU3UPYIOIIUX KOMITUISTOPOB:

— n30exaTh (OPMHUPOBAHHUS MPOJIOTOB U AMHUJIOTOB 32 CYET 0OPAOOTKU TOJBKO
LEJIBIX BEKTOPOB;

— o0ecne4ynTh OJHOBPEMEHHBIM BBIPOBHEHHBIM JIOCTYNl K HECKOJIbKUM
MaccuBaM, 00Opa0aThIBa€MbIM B IIMKJIE, YTO MO YMOJYAHHIO B OOIIEM Ciy4yae He
IIPEICTABIIIETCS BO3MOKHBIM.

B MBB ucnons3ytorcs cnenytomue metpuku [1C:

- YBEJIMYECHHUE NOTEHIUAIBHOTO YCKOPEHHS;

- CHUPKEHHE JIOJIM HEBBIPOBHEHHBIX 00pallieHuH.

Meron mnoBbiieHust > dextuBHocTH ucnonb3oBanuss GPU (pucynok 14)
MO3BOJIIET TMOBBICUTH YPOBEHb 3arpy3KH U CTENEHb COATTAHCUPOBAHHOCTU 3arpy3KH
MOTOKOBBIX MPOLIECCOPOB. B JaHHOM MeETO/e HCMONB3YIOTCSA CIEAYIONINE METPUKHU
[1C:

— YBEJIMYEHUE J0JU UCIOJIb30BaHHBIX TOTOKOB;

— YBEJIMYECHUE CPEIHEN IIJIOTHOCTU BBIYUCIICHUM;

— YBEJIMYEHUE CPEIHEN CTENEHHU JOKAIbHOCTH JAHHBIX;

- YBEIMYEHHUE CTEeNeHU COaJaHCUPOBAHHOCTH IOTOKOB (MaKCHUMaJbHOM U
cpeaHeit).
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Cotar MeTo/1 COCTOHT U3 JIBYX JTAIlOB.
3 1. IlepBsIit 3Tam:
sort{TUs} (P1.) (e} 1.1. Pasbuenme MHOXKecTBa omepauuii N Ha
{Hl,.,.(.x.k}.{H‘MW’ BbuncauTeabHele  sapa (kernels) N, 3amaHue
— v - ‘ Pw—— U ‘ napameTpos saep NB, NT,,

’ il ‘ — 1.2. OreHka 3HAYCHUI apameTpoB
I,u-”*l”ltL}m“*U“ ;Lu“:,:l;;:l,:“ TUy, Dy, Ly, By ger By g OTAEIBHO IS
e ey KQKI0TO  BBIYHCIMTENBHOTO S1Apa W Ha BCeM
i — MHOJKECTBE OTepaIHii

Gry =TUy/ TU Gy = Do/ Dy, 2. Bropoii stan:

6 = Lo/ Ly 2.1. Anamm3 TONXYy4YeHHBIX pPe3yIbTaTOB, ITOMCK

G max = Bumax/Bamas: YYaCTKOB, OKa3bIBAIOIIUX HETATHBHOE BIUSHHE HA

Go,a0 = Brav/Braw s¢dextuBHOCTD UcTIONB30BaHUs GPU
2.2. Koppekums anroputma, IOJy9eHHE HOBOTO
pazouenust N — N

s 2.3. Orenka 3HaYeHHit apaMeTpoB

TU,, D,, Lo, Bz, max Bz, a OT/AEJILHO i) b

Ka)XA0TO0 BBIYUCIUTCIBHOTO Apa KW Ha BCEM

MHOX€ECTBE OllepaLuil
Pucynox 14 — Meron  NOBBILCHUS » 4 Orenka MeTpHK Tc

appexTuBHOCTH Hcnoab3oBanus GPU Gry, Gp, Gy, G s G

Ha 6aze pa3paboTaHHBIX MOAEIEH U METOJIOB ObLIa MPEIOKeHa METOJI0JI0THS

npoektupoBanus 3ppextuBHbIX [1C s pemenns nuxxeHepHsix 3a1a4d B ' BC (pucyHok
15).

B, av

cnoKu

Pucynok 15— Merogosnorust npoexktupoBanust I11C

HNannast metomosiorusi 6asupyercs Ha B3aummojieicTBun mpoekTuponmuka [1C ¢
cucrtemoi noaaep:xkku xuzHeHHoro nukia [IC (CIT XII), ocHoBaHHOI Ha peanu3anuu
npeanoxeHHbIx Mojiesiet u meto10B. CIT XK1 mo3BosseT:

- BBITIOJIHATH aHAJTUTUYECKYIO O1leHKY MeTpuk I1C;

- IPOBOAUTH UMUTALIMOHHOE MoJienupoBanue ucnonHenus [1C B I'BC;

- BBIOMpATh MPOEKTHBIE pelleHus 1o noBbieHuto 3 dextuBnoctu I1C.

Onenka metpuk 11C ocyiectBisiercs myTeM noucka u opMain3anuu NaTTepPHOB
JIOCTyTa B AMSITh:

- BBISIBIICHHBIE paHee, IJIsi KOTOPhIX paHee MOIYy4YeHbl HEOOXOAMMBIE METPHUKU;
XapaKTEPUCTUKU JAHHBIX MATTEPHOB UCIONB3YIOTCA [T aHanu3a 3¢ dextuBHocTH [1C;
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- HOBBIE NATTEPHBI JOCTYIA, HHPOpPMALMs O KOTOPBIX OTCYTCTBYET B CHUCTEME;
JUISL HUX IIPOU3BOJUTCS UMUTALIMOHHOE MOJIEIMPOBAHUE C LIEJIBIO ONPENEIICHNUS METPUK,
ITOJIyYEHHBIE [TApAMETPhI 3AIIOMUHAOTCS JJI1 IOBTOPHOTI'O MCIOJIb30BAHMS;

- B OTJEJIbHBIX CIy4asx JJI1 HOBbIX MaTTepHOB AocTyna MeTpuku [IC MoryT ObITh
ONPEIECIICHBl AHAJIUTUYECKHU.

NmuTtanmoHHOE MOAENIMPOBAHUE OCYILIECTBIISIETCS B COOTBETCTBUH C THATPAMMON
(pucyHok 16). B mporecce BBITOTHEHHUS CHMYISIUU WHTEPIPETATOp (POPMHUPYET
IIOCJIEOBATEIBHOCTh TPACC, COAEPXKAIIMX aapeca, IO KOTOPBIM OCYLIECTBIISETCS
oOpalleHus: K NaMsTH.

Ananus AST FeHepauus koga WHTepnpeTtauusa Cumynsuus

3anyck

MocTtpoexne AST

CemaHTuyeckoe npeoﬁpaaoBaHMe_
»

FeHepauus koaa

>
»

leHepauya KopTexei Tpacc
MpodunuposarHve SRR bttt

DopMUPOBHE METPUK

L L]

Pucynok 16 — UHxeHepHas METONMKA BBIIOJIHEHUS HMHUTALMOHHOTO
MOJEIUPOBAHUS

B omiMunme OT TpaJAMLMOHHBIX TPAacC-OPUEHTUPOBAHHBIX CUMYJIATOPOB,
NPEUVIOKEHHAs] HMH)KEHEPHAs METOAMKAa TO3BOJIIET HAKaIUIMBaThb JAHHBIE O
BBITNIOJIHEMOM KOJie Oyiarojiapsi BO3MOXHOCTH TE€peAadyd B Tpaccax JOMOJHUTEIbHBIX
apameTpoB.

Tak, Tpacca B 0011eM ciydae 3agaetcs B Buje koprexa (17).

T = (t,{P;}) 7)

rie t - Tpacca (Hampumep, ajapec, Mo KOTOPOMY MPOH30ILIo obpamieHue); {P;}- MHOXeCTBO

JOIMMOJIHUTCIIBHBIX MMapaMETpPOB.

JIOTIOJIHUTENBHBIE TAPAMETPBI MO3BOJISAIOT MOCJE BBITOJIHEHUS WUMHUTALMOHHOIO
MOJICIMPOBAHUS HE TOJBKO MOJIYy4YHuTh 3HaueHUs1 meTpuk [IC, HO U mpoaHaIU3UpPOBAThH
TO, KakuM o0pa3oM OHHM (OPMHPYIOTCSA: HA3BAHWE MACCHBA, THUI OIEpaluu, UMs
dbynkuuu (MeToaa), UMs Kiacca u Jp.

JIns moATBEpKACHUSL TOCTOBEPHOCTH U OIEHKH A((PEKTUBHOCTH TPEAJIOKESHHON
METO/IOJIOTUN OBUTH TPOBEACHBI BhIYMcIUTeNnbHBIE 3KcriepuMmeHThl. B CIT XKI[ nHa
OCHOBE AHHOTHPOBAHHBIX TPACC BBHIMOIHIIOCH UMUTALMOHHOE MOJICIMPOBAHUE KEIII-
MOACUCTEMBl i1 PsJa TECTOBBIX NIporpaMm. Te 3kKe MporpaMmbl 3allyCKajlucCh B
MOJIHOCUCTEMHOM CHUMYJISTOpE gemdS W TOJ YIpaBiICHUEM Kenl-Tpo(UINpOBIIMKa
Cachegrind u3 makera Valgrind. ComocTaBieHue 00IIEro 4ucia Kell-MpoMaxoB, HX
pacrpefiesieHuss MO0 YPOBHSM KENI-MepApXUU U 1O OCHOBHBIM MAacCHBaM IOKa3ajo
Xopouiee KOJIMYECTBEHHOE U KAa4eCTBEHHOE COTJIACOBAHHME PE3YJbTAaTOB, 4YTO
MOATBEPAKAAET KOPPEKTHOCTh MOJEIBHBIX IPEAINOJIOKEHU U JTOCTOBEPHOCTH
MpeAIaraéMoro nNoaxoaa.

B uyerBepToOii riaBe mpeacTaBieHa BepuUKAIUS CO3IaHHOM METOO0JIOTHH
npoektupoBanns J1IC Ha npuMepe NPakTUYECKU 3HAYMMBIX BBIYUCIUTEIBHO-CIOAKHBIX
3a1ay. MeToionornueckuii moaxo A ObL1 peaqu30BaH AJis 3a7a4d MPUBEICHUS MaTPUILIbI
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obmiero Buga Kk Xeccenoeproror opme (XP) merogom Xaycxomnaepa (Basic Linear
Algebra Subroutines, BLAS, yposens 3). IlpuBenenue ucxomgHor marpuibl k XD
SIBJIIETCSI PACIPOCTPAHEHHBIM CIIOCOOOM TMpEeABAPUTEIIBHON 00paOOTKM MaTpUIIBl B
IpoIecCe pEIIeHUs 3aJayl COOCTBEHHOTO pasfokeHus. JlaHHoe mpeoOpa3oBaHue
MO3BOJISIET YMEHBIIUTH BPEMS PEIICHUS 3aJaud COOCTBEHHOTO Pa3JIOKCHHS, OJTHAKO,
JIByCTOpPOHHEE MpeoOpa3oBaHne Xaycxojjaepa B €ro TPaJAUIMOHHOM KJIACCHYECKOM
Bujie sBisieTcst HeaddexktuBHBIM B BC ¢ nepapxudeckoit cTpykTypoit mamsartu. [Iporecc
IIPOEKTUPOBAHMS COJAEPKAJI TPU UTEPALUU MPOEKTHBIX Mpouenyp, npumenenst MY CK
u MBB (tabmuna 8).

Tabnuua 8 — Peanuzanuss METOA0IOTUYECKOTO TOIX01a JJIs 3a/1a4 MPUBEICHUS
MaTpuIibl 001Iero Bujaa Kk Xd merogoMm Xaycxosaepa

No urepauuu | Peanusyembiii VYaydiaemsie [TonydeHHas BBIUMCIUTENIbHAS CXEMA
METO]{ METPHUKHU
1 MVYCK Rp, Sp CTpo4HO-OpUEHTHPOBAHHAS
2 MVYCK Rp, Sp OnHonpoxoHast
3 MBB Sp, Ry OnHONpOX01HAsi BEKTOPU30BaHHAs

Ha mepBbIX IBYX HTEpalMsx OCYIIECTBISIIOCH pa30MEeHNnE MHOKECTBA OIEpaIlHii
JOCTyIa K MaMSATH Ha HEMepeCceKaroluecs MOIMHOXKECTBA, OLEHHBAINCH KOJINYECTBO
SJIEMCHTOB M BEPOSTHOCTH KEMI-MPOMAaxOB B KaXIOM IIOJMHO)KECTBE, BBISBIISIMCH
IOJMHOKECTBA,  OKa3bIBAIOIIHWE  CYIMICCTBEHHOE  HETaTMBHOE  BIUSHHE  Ha
3 PEKTHBHOCTh pealn3alidd HCCIACAYEMBIX CXEeM IpeoOpa3oBaHus. BBIMONHSINCH
IICPECTAHOBOYHBIC ONTHMHU3AIMU, B PE3yJbTaTe Yero ObUIM IMOJIYYEeHBI IBE HOBBIX
CXEMBbI BBITOJHCHHS PeoOpa3oBaHus, KOTOPHIEC MO3BOJIMIM 3HAYUTEIBHO YIYUIIHThH
3HaueHus metpuk I1C (pucyHok 17).

Knaccuyecxan cxema
CTpONHO-OPHEHTUPOBAHHARA CXeMa
OgaronpoxoaHan cxema

BeposaTHOCTL Kew-npomaxa
Bpems, cex

e

PasmeprocTs
a) 6)

¥ v ) B - . y = . - ”
CTPO4HO-OPHEHTUPOBAHHAR CXEMa | Yckopenue k LAPACKE_dgehrd() ——
OpHonpoxopHan cxema —=— | 3.5 |\ ]

Ycxoperve
Yckopewve

faviepm PasmepHocTs

B) r)
Pucynok 17 — Ilonyuennsle metpuku IIC: ycpeHEeHHOE 3HaY€HUE BEPOSITHOCTH
Kem-rpomaxa (a), BpeMs padboTsl (0), yCKOpeHue mporpaMmmbl (B-T)
OkcniepuMenThl mokazanu, 4yrto MYCK mno3Bonsier n0 4 pa3 yCKOpPUTH
BbIUKCIICHHUS, 10 3-4 pa3 cHU3UTH SHepronoTpednenue [1C.
Ha tpetseit urepanmu 6601 peanuzoBan MBB, uto mo3Bonmio uzbexarts notepb
IPOM3BOAUTENLHOCTH MPH JAOCTYTE K AaHHBIM. Ha psine pasmepHocTeii ObLIO MOTy4eHO
3HAYUTEIIBHOE YCKOPEHHE IO OTHOILIEHUIO K IIPOrPAMMHON pealn3aluu, MOJIy4eHHOU C
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ucnoas3oBanueM Intel MKL, B 3,7 paza. MBB 0b11 peanuzoBan 115 3a1a4i MaTpUIHO-
BekTopHOro  ymHokenuss (BLAS 2) wu 3amau o0paOOTKM  YHCIIOBBIX
NOCJIEIOBATEIBHOCTE HAa NpPUMEpPE 3a4ad BBIYMCICHHS OJHOMEPHBIX W JBYMEPHBIX
cBepTok. [Iporecc nmpoexkTupoBaHusi ObLI peaIn30BaH 33 OJHY UTEPALMIO MPOEKTHBIX
poLEeayp, B pe3yjbTare 4ero ObUla CHUKEHA JI0JIsI HEBBIDOBHEHHBIX OOpalIeHUN K
NaMATH, NOJIYYEHO 3HAYUTEIbHOE (10 3,7 pa3) YCKOPEHUE OTHOCUTENIBHO PE3YJIbTATOB,
NOJIy4YEHHBIX C TOMONIBI0 AaBTOMAaTHYECKOW BEKTOpPU3aLMH. 3ajJadya MaTpPUYHO-
BEKTOPHOTO YMHOKEHUS 3aKJII0YAeTCs B YMHOKEHHH IOAMATPHIIbI, NPUBS3AHHOU K
HEKOTOPOMY HayaJlbHOMY JJIEMEHTY, Ha 3aJaHHbIA BEKTOp. B 1einom mnpuBeneHHOE
npeoOpa3zoBanue aHagoruyHo ¢pyHkuuu BLAS sgemv, T.K. BBIYMCIICHHS BBINOJIHSINCH
HaJ[ YUCIIaMU C TUTaBarollel 3anaToi onuHapHoil TouHoctH (float).

Ha nepBom stamne Obuti onpeneneHbl XapakTEPUCTUKN BEKTOPU3YEMOro UK U
(dbopMupoBaHHE HEOOXOJUMOTO YHUCIIAa BEAYIIUX BEKTOPOB, OMPENENIECHbl UX JJIUHBI U
cMenieHus. BTopoll 3Tanm B OCHOBHOM CBSI3aH C HANMCAaHUEM IPOrPAMMHOIO KOJA:
U3MEHSIOTCS IMKIBl JOCTyna K JaHHBIM B COOTBETCTBUM C IOJYYEHHBIMU
napameTpamH.

Ha pucynke 18a mpuBeneHO moilydeHHOE YCKOPEHHE I Pa3IUYHBIX BETYIINX
pasmepHocteil (lda=1000, lda=1001) oTHoOcHTENbHO peanu3alnuii, MOJYYEHHBIX C
UCTIONb30BAaHUEM aBTOMATHYECKOW BEKTOpH3alluk, Ha pucynke 180 mnpuBeneHa
3aBUCUMOCTb CHM>KEHHSI 101 HEBBIPOBHEHHBIX 0OpaIllEHU OT pa3MEPHOCTH peIaeMoi
3a/1ay.

S0tD: " lda=1000 ——
Ida=1001 —s—

"Ida=1000 ——
35 Ida=1001 —»— 1

2500

2000

1500

YckopeHue

1000 B

500 [~ =

CHYDKEHWME 10N HEeBLIPOBHEHHEIX obpaLleHmi

50 100 150 200 250 300 350 400 450 500 10 20 30 40 50 60 70 80 90 100

PasmepHocTb PasmepHocTe
a) 0)

Pucynox 18 — Ilonmyuennwsie merpuku [IC: yckopenue (a), CHUKEHUE OJH
HEBBIPOBHEHHBIX OOparieHuii (0)

[Iporpamma Obuta HammcaHa Ha si3bIKe mporpammupoBanus C++, modToMy B
KauecTBE BeIylIeHd pa3MEpHOCTH MAacCHMBa BBICTyINaJla JJIMHA CTPOKU. BuaHo, 4TO
yckopenue misi 1da=1001 menswmie, yem mis 1da=1000. 3to cBsizaHO ¢ TeM, 4TO B
MepBOM ciiydae HeoOXoauMo (GOpPMUPOBATH OOJIBIIIEE YUCIIO BEIYIIINX BEKTOPOB.

OKCIEpUMEHTBI TOKa3aly, 4To mnpuMmeHeHne MBB 3HauuTensHO yckopsier
paboty npoektupyemoit IIC. Ha HeOOnbIIUX Pa3MEPHOCTSIX BBIUTPBIII COCTABIISIET 10
3,7 pa3, ¢ pOCTOM pPa3MEPHOCTU 3HAYEHHE YCKOPEHUSI YMEHBIIAETCS U CTAOUIU3UPYETCS
IIpU JOCTH>KEHUM 3Ha4YeHus 1,2.

Ha pucynke 19 npuBeneHo ycKOpeHHe, IMOJYyYEHHOE TMpHU pealiu3aluiu
METOJI0JIOTUYECKOTO0 TMOJXO0/Ja K 3aJlady€ BBIYUCICHUS OJHOMEPHON CBEpPTKH ISt
pa3JIMYHBIX  TUIOB  JAHHBIX  OTHOCUTEIBHO  pealu3aluii, MOIYyYEHHBIX C
MCIIOJb30BaHUEM aBTOMATUYECKOM BEKTOPU3AIUU.
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YckopeHue,oaHoMepHas ceepTka,float
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PasmepHocTb sifpa ceepTky PasmepHocTb
a) 6)

Pucynok 19 — Iomyuennsie metpuku [1C (yckopenue) mist TunoB gaHHbiX float
(a)um _intl6 (6)

3aBHUCUMOCTH, IIPEACTABICHHBIC HA PUCYHKE 19, UMEIOT HETMHEWHBIA XapaKTED.
OTO CBA3aHO C TEM, YTO B IPOLECCE ABTOMATHYECKOM BEKTOPU3ALMH KOMIIUISATOP
pa3BopauuBaeT LUKJI, (OPMHUPYET MPOJOTH M SIWIOTH LMKIOB, IPU 3TOM BpeMs
BBIYMCIICHUN 3aBUCHUT OT JUIMH IIPOJIOTOB M SIUJIOTOB LIUKJIOB, KOTOPBIE 3aBUCAT, B TOM
4HUCIe, U OT Pa3MEPHOCTH spa CBEPTKH.

B nsATOM riiaBe NpeacTaBiICHbl KOHLEIINS U apXUTEKTypa CUCTEMBI MOAACPKKH
XK1 mpoektupyembix [IC (pucynok 20), peanmusyromiedl MpeIOKCHHbIE MOJCIU U
METO/IBL.

Mpacdpmyeckuin
MHTepdeiic
WHTepnpetauus / i s ®opMupoBaHue >
MMWTaUWOHHOE | . metpuk [T OueHka Kew-
MoaenupoBaHue < A CraTu'ieckui aHanus CIEE B > NpOrpamMMHbIX . 3 PeKTUBHOCTH
* cuctem ’
MoKCK NaTTepHOB a : . OueHKa
AOCTYNa K AaHHBIM  |b Moacuctema hOpMUpPOBaHUA MoacucTema oUeHKK & 4 adekTuBHOCTH
XapaKTepucTuK koga . 3¢pPeKTUBHOCTH koaa £ BeKTOpU3aLum
% 4 OueHKka
d 3¢ PeKTUBHOCTH
Onpenenenne \ 4 ucnonb3oBaHua GPU
ONTUManbHbIX P Mopanepxka NPUHATUA
napameTpoe NPOEKTHBIX peleHni
dopMUpoBaHUue o ‘ MoacucTeMa noaAepXKu
NaTTepHOB peleHnn | A" NPOeKTUPOBaHUA
NpOrpamMMHbIX CUCTEM

Pucynox 20 - Apxurektypa cuctemsl nogaepxku XKII npoextupyemsrx T1C

Cucrema COCTOUT U3 TPEX OCHOBHBIX MOJICUCTEM.

1. [loacucrema (GpopMHUpPOBAHUSL XapaKTEPUCTUK KOAA. BBIMOMHSET cTaTHUecKuil
aHaJIM3 UCXOJHOrO KOJA:

- OCYILECTBJIIET TMOWCK NaTTEPHOB [JOCTyNa K JaHHbIM (peryyspHbid /
HEPEryJSIpHbIA  JTOCTYI, HEMPEPHIBHO PACIOJIOKEHHBIE JIaHHbIE / PacHoJIOKEHHE
JaHHBIX C MHTEPBAJIaMH), OIPEJECICHNE TapaMETPOB PETYJIAPHBIX NATTEPHOB JOCTYIIA.

- BBIIOJIHSAET HMWTALMOHHOE MOJEIMPOBAHUE HCIOJHEHHUS IPOTPaMMBI,
UHTEpIIpEeTUpyIoliee MNpOPMUINPOBAHKUE, OMpPEIEICHUEe MapaMeTPOB HEPEryJsIPHbBIX
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NIaTTEPHOB JOCTYyINa, NAaTTEPHOB C JUIMHOM, NPEBBIIIAIONIEH pa3Mep aHaJIU3UPyEeMOro
ypoBHs namsitu ['BC.

Peasmszanust moacucreMbl OCHOBAaHA Ha MOJCHM  YIYYLIEHUs ITOKa3aTeleu
spdpexkruBnoctn  [IC, wmaremarnueckoil  momenun  OHeHKH  3((HEKTUBHOCTH
npoektupyeMoil 11C, aHanMTH4YECKOM METOJE OINpPEAENICHUs] MaKCUMAJIBHOIO pa3Mepa
0JIOKa TpH PETYJSIPHOM JOCTYyNE€ K JaHHbIM, MMHUTALMOHHON MOJENH HWCIOJIHEHHUS
nporpammsl B 'BC ¢ nepapxudeckoil CTpyKTypoil HamMsTH.

2. [loncucrema  oneHkd  3¢pdekTuBHOCTH  koma. DopMupyeT  METpUKHU
npoektupyemoi [1C.

Peanmu3anus moacucreMbl OCHOBAaHA Ha MAaTEMATHYECKOW MOJEIM OLEHKH
sp¢exktuBHOCTH  mpoektupyemoi IIC, aHamuTHUECKOM METOAE  ONpENENICHUS
MaKCHMaJbHOTO pa3Mmepa OJioKa IMpH PETYJISIPHOM AOCTYNE K JAaHHBIM, KOMILJIEKCE
MeTonoB TmoBeimieHus 3¢ dexktuBHoctn [IC (MYCK, MBB, metone mnoBbIeHUsS
s dextuBHOCTH UcTionb3oBanusi GPU).

3. [loacucrema monnepkku mpoekTupoBanus [1C. Ompenenstorcss mapameTps
aJITOPUTMOB.

Peanuzanust moacucteMbl (puUcyHOK 21) OCHOBaHa Ha KOMIUIEKCE METO/OB
noBeiieHus d¢dextuBHoctu IIC, merogomorun npoektupoBanus IIIC nns pemeHus
WHXeHepHbIX 3a1a4 B ['BC.

P - o X
TekcT nporpammet Kew-namaTe

double* b = (double*)_mm_malloc(N * sizeof(double), 32); i i A L i
double® ¢ = (double*)_mm_malloc(N * sizeof(double), 32); L1 |n
for (inti = i_start; i <i_finish; i++) L2

L
s 64
N s 8 256 64 1 LRU 15 ws
s 54

16 25600 LRU %0 ws

double sum = 0.0; =
for (intj = j_start; j < j_finish; j++)

sum+=A*a[i * N +j] * b[j];
cfi] = sum;

}
_mm_free(c);

mm free(b):

Lmem 180
SIMD  AVX (256)
AHann3 naTTepHoB A0CTyNa

1. Maccue a
AOCTYN perynapHsii
el e Senmauns | | Covssmpenmran | | Bs =128 CL (1024 double, 8192 bytes)
Bb = 110 CL (880 double, 7040 bytes)
MeTpuku kauecTsa Bmax = 131056 CL (1048448 double, 8387584 bytes)
1. Maccus a Pmiss = 0,125
Nmiss = 112640 Pmiss =12,5% 2. Maccvs b

Punal= 0% AOCTYN HENpepbIBHbIA
2. Mauue b
Nmiss = 110 Pmiss = 0,0122% PekoMeHyeMble NPOEKTHLIE PeLleHns
Punal= 0%
3. Maccus ¢
Nmiss = 128 Pmiss = 12,5%

1. MaTTepHLl AOCTYNa: ONTUMAankHLIe
2. Paameptl 6nokos:
a: He onpegeneH (1 npoxoa)
Punal= 0% b: 1365
Fno6ansHele MeTpUKn
Nmiss = 112878 Pmiss = 6,2596%
Punal= 0%

c: He onpepeneH (1 npoxoa)
3. BekTopusauua: aBToBeKTOpU3aUma

Pucynox 21 - Pe3ynbTaThl (popMupoBaHus XapaKTEPUCTUK KOJa

Peanmzamusi  mpeIoKEHHOTO ~ METOJOJIOTHYECKOTO  MOAXO0Ja  TO3BOJIMIIA
3HAYUTEILHO TOBBICUTH dPPEKTUBHOCTh MpoekTUpyembix [IC Ha pa3nuyuHBIX dTamax
XKII I1IC (Tabauma 9).

[IporpamMmMHBIe pemieHus, peain3oBaHHble B cucteMe mnoanepxkku KL, Opum
UCTIONIb30BaHbl B TPOIIECCE CO3/IaHUS M ONTHUMH3AIMU MPOTPAMMHOTO OOecTeueHuMs,
paspabateiBaecmoro kommnanuein « TECUCy» s moenupoBanusi THAPOAIPOAUHAMUKY U
TEIUIOBBIX MPOIIECCOB, a TAKXKE PEIICHUS MEXAUCIHUILIMHAPHBIX 3a/1a4, B YaCTHOCTH —
npu pa3zpaboTKe MPOTOTUIIOB PACUETHBIX OMOIHOTEK.
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Ta6muna 9 — Pe3ynbraThl peanu3anyy HayqYHO-MEeTOA0JI0THUECKOT0 MOIX0/1a

IHapamerp Jrtan K3 PesyabTatr
Bpems pa3pab6orku | Pa3zpaboTka, Pecypcel,  3aTpaumBaecMple Ha  pa3paboOTKy H
(mogupuxkanun) I1C Moaudukamus | moauduxamuio [1C, cHUXKEHBI 32 cUeT 3HAYUTEIHLHOTO
I1C (B 2-3 pa3a) CHM)KEHHs 4YHCIa UTEpAaLUi MPOEKTHBIX

IpoUEayp.
Bpems padoThl | Okcrulyarauus | Bpems penieHuss BBIYMCINTENBHO-CIOXKHBIX — 3a/1a4
NMPorpamMmbl I1C CHIKEHO B pe3yibTare npuMenenuss MYCK (BLAS 3)

1o 4 pa3, B pesynbrare npumenenus MBB (BLAS 2)
CHIDKEHO B 3,7 paza.

Yckopenue nporpaMmmbl | DKcIulyatanus | YCKOpeHUe, oJydeHHOe Npu perieHun 3aaad BLAS 3
IC B pesynbTare npumeHenuss MYCK, yBennuuBaercs ¢
pPOCTOM Pa3MEPHOCTH 33Ja4l, YCKOPEHUE, ITOTYy4EHHOE
B pesyibrare npumeHenus MBB, nocruras 3HaueHus
3,7, yMeHbIIAETCsI ¢ POCTOM Pa3MEPHOCTH 3aJayd U
crabunusupyercs Ha 3HadyeHuu 1,2.

OHeprodppexTuBHOCTh | OKCcIutyaTanus | [I[pumeHeHHe NpPENIOKEHHBIX MOJEIEH U METOJI0B
I1C NO3BOJISIET 10 3-4 pa3 COKpaTUTh 3HEPronoTpedieHue
I1C.

Pa3paboTaHHble aNrOpUTMBl HCHOJB30BAIMCH JJIsi  BBIIOJHEHHS 0a30BbIX
OJIOUHBIX oOmepanui JMHEWHON anreOppl (YMHOXXEHHME MAaTpull, OOpalleHue u
(dakTopuzanusi MaTpUIl) IS Pa3PEKEHHBIX MEJIKO-OJIOUYHBIX MaTpull U OJIOKOB
BEKTOPOB (IJIOTHBIX MATPHI] ONPEIETEHHON pa3MEPHOCTH) C IPUMEHEHUEM BEKTOPHBIX
paclIMpeHuid CUCTEMbl KOMaHJ MuKpomnpoueccopoB Intel u wucnosnb3oBanuem
BO3MOXXHOCTEH Tpaduyeckux comporeccopoB. Ha ocHoBe 0a30BbIX ormepanuii
koMranued «TECHUCy» Obun pa3paboTaHbl alrOpUTMbl YMHOXKEHHUS Pa3peKeHHBIX
MEJIKO-0JIOUHBIX MaTpHIl Ha OJIOKH BeKTOpoB, LU-pasnoxeHus;, oOpanieHus: MaTpul u
pELIeHHs] CUCTEM JIMHEWHBIX anreOpandeckux ypaBHeHUM. Peannsanus pa3paboTaHHBIX
QITOPUTMOB M METOJOB MO3BOJIMJIA MOJYYUTh 3HAUYUTEIBHOE YCKOPEHHUE BBITOJIHEHUS
0a30BbIx onepanuil 10 10 pa3 OTHOCUTENBHO MPEAbIAYIINX MPOrPAMMHBIX peaTn3aliii
3a CUeT BEKTOpH3alUUU BblUMCICHUM. Pa3zpaboTaHHble alropuTMbl U METOJBI,
HCIIOJB3YIONINE TpadUIecKue COMPOIIECCOPHI, MO3BOJISIOT 3HAYUTEIbHO, 10 50-75%,
YMEHBUIUTH BPEMS BBIYHUCICHUN HaJ IJIOTHBIMU M Pa3peKEHHBIMU MATPHUIIAMM 3a CUET
pacnpeneneHuss BBIUMCIECHUNM MEXIy LEeHTpalbHbIM mnponeccopom u  GPU,
ONTUMM3ALMN BBIYMCICHUM TMOJ KOHKpeTHble tuiatr@opmel, wunrterpamuu IIC ¢
CYILIECTBYIOIIMMU  BBICOKOMPOU3BOJUTEIBHBIMU  MPOTPAMMHBIMU  OMOJIMOTEKAMH.
Kpome TOro, mosiydeHHble HapaOOTKM B 0O0JIACTM BEKTOPHU3allMM BBIYUCICHUN U
pacrpeneneHrs BBIYMCIEHUNA MEXIy LeHTpaidbHbIM mnpoueccopoM n GPU komnanus
«TECUC» npeanonaraet UCHoab30BaTh NPU MOCTPOECHUU BBIYUCIUTENIbHBIX OUOINOTEK
Jutst mporpaMMHoro kommiiekca «FlowVision» B 2026 — 2027 r.

[Iporpammuble penieHusi, peanuzoBanHble cucreme noaaepxku KL TIC, Opun
ucrosib3oBaibl B AO  «Tom CucreMp» B HHCTPYMEHTAJIBHBIX KOMIIOHEHTaX,
pa3pabOTaHHBIX AJII CUCTEMBbI YIPABJICHUS MOJTHBIM KU3HEHHBIM LUKIOM U3JEIUN 1Jis
npoMblnuieHHbIX npennpusatuii «CAPYCy». Pa3paOoTaHHble METOAbl W aJITOPUTMBI
BBIUHCIUTENFHO-CJIOKHBIX TMPOIENyp HCIOJIb30BaHbl B OHMOIMOTEKaX KIIACCOB,
NPEIHA3HAYEHHBIX JUISl PELICHHUs] FeOMETpUYEeCKHuX 3anad B npototurnie CAD-cucremsl
aapa  3-MEpPHOr0  MOJEIUPOBAHMS: TMOCTPOCHHS]  IKBHJIMCTAHTHBIX JIMHUU K
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MPOBOJIOYHOMY Telly; peaju3allud Olepaluid BBIYUCICHUS MacC-MHEPLUHUOHHBIX
XapaKTEpPUCTUK MPOBOJIOYHBIX, TBEPABIX U JIMCTOBBIX TEJl C HCIOJb30BAaHUEM
WHTEIPUPOBAHUSL [0 CETKE, ONTHMH3aUUU psfga Oa30BBIX PACUYETHBIX KJIACCOB
OMOMMOTEKH TEeOMETPUYECKHX ONepaluid, CBA3AHHBIX C peanu3anued OyneBbIX
omepauuid ¢ TeJaMH; BBIIIOJHEHHUS KHHEMAaTUYECKHX ONEpALMi, IOCTPOCHUS
NEPECEUCHHUI M MOKCKA CaMONEPECEUYECHNI M ONTUMHU3ALMK YaCTHBIX CIIyd4aeB OOpEe3KU
KPUBBIX W TOBEpPXHOCTEH. VICHOIb30BaHME YKa3aHHBIX pPE3YyJbTAaTOB IMO3BOJIMIIO
noBbICUTh 3P dekTuBHOCTh [IC: yMeHBIIUTH Bpemsi, HEOOXOAMMOE i peallu3aluu
0a30BBIX pacueTHbIX mpoueAayp A0 18%, MOBBICUTH TOYHOCTH BbIYHMCIEHUH 10 7%.
['onoBoit  skoHOMUYEeCKUU A EKT, TMOTYYEHHBI OT BHEAPEHHUS PEe3yIbTaTOB
JUCCEPTAIIMOHHON padoThI, OlleHUBaeTcs B 1,8 MITH. pyOJieH.

[IporpamMmHbIe pelieHus, peanu3oBaHHble B cucteme nonnaepxkku KII, Obum
ucnojp3oBanbl npu peamuzamuu  IIC  nns cbopa u 00pabOTKM  JNaHHBIX C
IPOM3BOJCTBEHHBIX YYacTKOB 3JeKkTporuiaBmibHoro uexa (OIIL), a Ttaxke s
MHOTOKPUTEPUAIBHOTO aHan3a (PAKTOPOB, BIMSIONMX HAa O0BEM M KayecTBO
BbITyckaeMoi nponaykuuu B OAO «Bomxckuil abpa3uBHbIA 3aBOa». Mcnosib3oBaHue
YKa3aHHBIX PEIICHUHA IO3BOJUIO MOBBICUTh 3(P(EKTUBHOCTH cOopa H 00padOTKU
nanabix Ol wHa 17-20%, CHHU3UTH KOJHMYECTBO OIIMOOK, OOYCIOBJICHHBIX
yenoBeueckuM (paktopoM Ha 7%. ['00BOI s3KOHOMUYECKUN 3PPEKT, TOTYYSHHBIH OT
BHEJIPEHUS PE3yJIbTaTOB JUCCEPTALMOHHON pabOThI, OLIECHUBAETCS B | MIIH. pyOuieil.

B 3akiao4yeHuMHM ONMCaHbl OCHOBHBIE pE3yJbTaThl palOThI, BBIBOABI H
NEPCIEKTUBBI UCCIIEIOBAHHUS.

B Tlpunoxkenussx MpuBeIeHbI JOKYMEHTHI, MOJTBEPKIAIONINE arpoOanui u
BHEJIPEHUE PE3YJIbTATOB.

OCHOBHBIE PE3YJBTATBI PABOTbBI

['maBHBIM pe3ynbTaToM paboOThl SBIAIOTCS HAay4YHbIE OCHOBBI IOJIEPIKKH
YKU3HEHHOTO [IMKJIA IPOEKTHUPYEMBIX ITPOTPAMMHBIX CUCTEM JUUISl PELICHNS HHKEHEPHBIX
3alay B TETEPOTCHHBIX BBIUMCIUTENBHBIX Cpelax, MoBblmatomue 3p(HEKTUBHOCTh
MPOTrPAaMMHBIX CUCTEM Ha PA3JIMYHbIX Taax >KM3HEHHOTO IIUKJIA.

OcCHOBHBIE PE3yNbTATHI, B KOTOPBIX OTPAXKE€HA Hay4YHas HOBU3HA U MPAKTHYECKas
LHEHHOCTh IUCCEPTAMOHHON PabOThI, 3aKIIFOYAIOTCS B CJIEIYIOLIEM:

1. UccnenoBanbl  cymectByronme wmonenu, wetoabl U CASE-cpencTsa,
ucrosb3ytomyecss a1 npoektrupoBanus [IC B 001acTé BBICOKONPOU3BOIUTEIBHBIX
BbIYMCIIEHUH. PaccMOTpeHbl mojHbie TeKCThl Oonee 40 myOnuKkaiuii, 4acThb M3 3TUX
myOJUKaIyil MPeCTaBISIOT CO00M CHCTEMAaTUYECKHE UCCIEOBAHUS C OOIIUM YHCIOM
uccieoBaHHbIX pador Oosiee 600. BpIBICHBI OCHOBHBIC TEHACHIIMM B OO0JACTH
pa3paboTtku Moxeneil nmpoexktupoBanus [IC, MeTO10B, OCHOBaHHBIX Ha ATHUX MOJEISX,
BBISIBJIEHBI OCHOBHBIE HETOCTATKH JAHHBIX MOJEJIEH U METO/IOB.

2. [Ipepyoxena moxens ynydmieHus: nokasareneit ahdextuBnoctu [1C, kotopas
MO3BOJISIET COKPATUTh BpEMs IPOEKTUpOBaHUs. [I[puMeHeHre JaHHOW MOJAENIN CHUKAET
3aTpaThl Ha pa3pabotrky u moaudukanuio I1C 3a cuer 3HaumTenbHOro (B 2-3 pasza)
YMEHBIIEHUS YUCIIa UTEepaIuil IPOEKTHBIX MPOLEIYD.

3. Ilpennoxkena  maremaruueckass — MOJENb  OLIGHKM  3(PPEeKTUBHOCTU
npoektupyembix [1C, mo3pomstomas npoekTupoBiuky [1C kommnekcno ouenuts [1C
Ha pa3nuuHbix dTanax K1 B I'BC.
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4. IlpeniokeH aHATUTUYECKUA METOJ ONpEAENIEHUs MaKCUMaJIbHOIO pa3Mepa
OJ0oKa MpU PEryasipHOM JOCTyH€ K JI@HHBIM, [IO3BOJISIIOIIMM  NPOU3BOAMUTH
UCCIIeIOBaHNE ToKa3aTenel 3(PQGEeKTUBHOCTH HCMOJIb30BaHUS TOJCUCTEMBI IMaMSITH
npoektupyembix IIC. CdopmynupoBanbl U [n0KazaHbl 4 Teopembl, (POPMAIBHO
ONKCHIBAIOIINE OTOOPAKEHUE MHOKECTBA KEIIMPYEMbIX JAHHBIX HA MHOXECTBA KEIl-
naMatd. CPopMyIHpoBaH psii CIAEACTBUI M3 TEOPEM, MO3BOJIAIOIIMX AHATUTHYECKU
OLICHUTh  CTENEHb  3aIlOJIHAEMOCTH MHOXKECTB  KEHI-AMATH C  Pa3JInYHBIMU
XapaKTepUCTUKAMHM IIPH OPTraHM3allMM PETYJISAPHOIO JIOCTyna K JaHHBIM Ha OCHOBE
pa3IMyYHBIX 11a0JIOHOB AocTyna. Peanusanus qaHHOro Meroaa B nporecce ananusa [1C
NO3BOJIIET BBIOMpATh MapaMeTphl aJIrOPUTMOB, MUHUMHU3HUPYIOIINUE KOJIMYECTBO KeEIl-
IPOMaxoB IIPU JOCTYIE K JaHHBIM, TEM CaMbIM 3HaYUTENIBHO ycKopsist padoty I1C.

5. [IpennoxkeHa MMHUTALMOHHAsT MOJAENb HcNONHEeHUs nporpammel B I'BC ¢
UEPApXUYECKON CTPYKTYPOM NaMSTH, IMO3BOJIAIOIIAS ONpPEeiaTh XxapakTepucTuku [1C
Ha KOHKDETHOW IIEJICBOM BBIYMCIUTEIBHOU apXUTEKTypE, a TaKXKe XapaKTEpUCTUKU
nojacuctemsl namsaTu s npoektupyemoit 11C. ChopMynrpoBaHbl U J0Ka3aHbl YETHIPE
TEOPEMBI, YCTAHABIMBAIOIIME JOCTOBEPHOCTH MOIEIUPOBAHUA B HMHUTALMOHHOMN
MOJIEH TIPY BBINIOJIHEHUH Psiia MOJENIBHBIX IIPEANONIOKEHAN. Peanuzanus Moaenu naet
npoeKTHpoBIIMKY [IC BO3MOXHOCTH NPOBEAEHUS HMHUTALMOHHOTO MOAECIUPOBAHUS
IIPOIIECCA BBIIOJHEHUS NPOTPaMMBI B MOJCUCTEME MaMITH, YTO MO3BOJSAET OLICHUBATH
[1C 1 npuHUMATh MPOEKTHBIE pelieHus o noBbIIeHUIO 3 pexTuBHOCTH [1C.

6. [IpennoxxeH KOMIUIEKC METOJOB, TO3BOJSIONINI 3HAYUTEIHHO TMOBBICUTH
abdextuBHOCTh MpoekTupyembix [IC 3a cuer 3HAUMTENBHOTO (10 4 pa3) CHUKCHUS
BPEMEHH SKCIIEPUMEHTAIbHBIX BHIYMCIECHUI U yMeHblLIeHUs 3HepronoTpednenus [1C B
3-4 paza Ha 3Tare 3KCIulyaTalluM, CHIDKEHU 3aTpaT Ha npoektupoBanue [1C:

— METOJ TOBbIEHUS 3(P(HEKTUBHOCTH HCMOIb30BAHUS MOJCUCTEMBbl NaMSTH,
MO3BOJIAOIIMN YIy4YIIaTh CTPATETHIO KemMpoBaHus NaHHbIX B [ BC ¢ nepapxudeckon
CTPYKTYpOH IaMsITH;

— METOJ  TOBBILIEHUA  A(PPEKTUBHOCTH  BEKTOPU3ALMHM  BBIYUCIICHUH,
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9. [IpennoxkeHbl KOHLIETILIMA M apXUTEKTypa cucTeMbl mnoaaepxku KL
npoektupyeMbix [IC, mo3Bossomel aBTOMaTU3UpOBaTh aHamu3 3(G(GHEKTUBHOCTH
BO3MOXKHBIX IPOEKTHBIX PEIICEHUH O cTparerusix paszpabotku um monudpukauuu I1C,
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KOTOpasi COCTOUT M3 TPEeX OCHOBHBIX TOJCHCTEM: IMOJACHCTEMa (POPMUPOBAHUS
XapaKTEepUCTUK KOJa, IMOoJAcCUCTeMa OLEHKH 3(PEeKTUBHOCTH KoJa, MOACHCTEMA
nojasepxku npoektuposanus 11C.

B kadecTBe NEPCHEKTUB UCCIEAOBAHMS MOKHO BBIICIUTh PA3BUTHE METOI0JIOIHH
npoektupoBanuss OIIC 3a cuer aHanmM3a mapalieIbHBIX M PACIPEICICHHBIX
BBIUMCIICHUM, PAaCIIMPEHUs IEPEUYHs aHAIM3UPYEMbIX BBIUMCIUTENbHBIX Y3JIOB B
cocrase I'BC, a taxxe pa3Butue cuctemsl nogaepxku KL npoexrupyemsix [1C.
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