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Ilepeuens komnemenyuii U UHOUKAMOPOE OOCHUNCEHUA KOMNEMEHWUIL C YKA3AHUEeM IMAN08 hopMUpPoEanus 6 npo-
uecce 0ce0eHUs OUCUUNIUHDL
OIIK-2 CnocobeH pa3pabaThiBaTh OpUTHHAIBHBIE aJITOPUTMBI U IPOTPAMMHBIE CPEJICTBA, B TOM YUCIIE C UCIIOJIb30BaHUEM
COBPEMEHHBIX MHTEIUIEKTYaIbHBIX TEXHOJOTUM, IS pelieHus Tpo(eCcCUOHAIbHBIX 3a]1ay;

OIIK-2.1 3HaeT COBpEeMEHHbIE NH(OPMALIMOHHO- KOMMYHUKAIIMOHHBIE U UHTEJUIEKTYaIbHbIE TEXHOJIOTUU, HHCTPYMEH-
TaJbHBIE CPEIIbl, IPOTPAMMHO-TEXHUUECKHE TUIAT(HOPMBI JJIs peiieHus TpopeCCHOHANBHBIX 3a/1a4
OIIK-2.2 YMmeeT 000CHOBBIBaTh BEIOOP COBPEMEHHBIX HHPOPMAIMOHHO-KOMMYHUKAIMOHHBIX U MHTEJUIEKTYaIbHbIX

TEXHOJIOTHI, pa3padaTblBaTh OPUTHHAIIBHBIE IPOIPAMMHBIE CPEICTBA JIJISl PEIICHUS MPOPECCUOHANBHBIX 3aa4

OIIK-2.3 Bnaneer HaBbIKaMu pa3padOTKU OPUTHHAIBHBIX IPOIPAMMHBIX CPEJICTB, B TOM YHCJIE C UCIIOJIb30BAaHUEM CO-
BPEMEHHBIX HHPOPMAMOHHO-KOMMYHHUKAIIMOHHBIX U MHTEJUIEKTYaIbHBIX TEXHOJOTHUM, ISl pelieHus! Tpo(eCCHOHANIBHBIX 3a1a4

OIIK-5Cnoco6eH pa3pabaThiBaTh U MOJICPHU3UPOBATH MPOTPAMMHOE U annapaTHOE oOecriedeHne HPOPMAIIMOHHBIX U aB-
TOMATU3HPOBAHHBIX CUCTEM;

OIIK-5.1 3HaeT COBPEMEHHOE MTPOrpaMMHOE U alllapaTHoOe o0ecrieueHue NHPOPMAIIMOHHBIX U aBTOMAaTU3UPOBAHHBIX
CUCTEM

OIIK-5.2 YMeeT MOAEpHU3UPOBATH MMPOTPAMMHOE U anmnapatHoe odecrneueHrne nHHOPMAITMOHHBIX ¥ aBTOMATU3UPOBAH-
HBIX CHCTEM IS pelleHus MpodhecCHuOHATbHBIX 3aa4

OIIK-5.3 Bnaneet HaBbIKaMu pa3paOOTKH MPOrPaMMHOTO U allliapaTHOTO o0ecreueHus: MHOOPMAITMOHHBIX U aBTOMATH-
3UPOBAHHBIX CUCTEM JJISl peleHUs! NPOoPEeCCUOHATIBHBIX 3a1a4

OIIK-6 Criocoben pa3zpabaTsiBaTh KOMIIOHEHTHI TIPOTPAMMHO-AIMAPATHBIX KOMIUIEKCOB 00paboTKH MH(OpMAILIUK U aBTOMa-
TU3UPOBAHHOTO MMPOEKTUPOBAHMUS;

OIIK-6.1 3HaeT anmnapaTtHble CpeJCTBA U IIaTPOpMbl HHPPACTPYKTYpbl HH(DOPMAITMOHHBIX TEXHOJIOTUH, BUbI, HA3HA-
YeHHUE, APXUTEKTYPY, METOJIbI pa3pabOTKU U aIMUHUCTPUPOBAHUS MPOrPAMMHO-ANNAPATHBIX KOMIUIEKCOB 00BEKTa Mpodeccuo-
HaJBHOU NEeITESIbHOCTH

OIIK-6.2 YMeeT aHanu3upoBaTh TEXHUUECKOE 3a/1aHKe, pa3padaTbiBaTh U ONTUMU3UPOBATH TPOrPAMMHBIN KOJT JUIS pe-
meHus 3a1a4 00paboTku HHPOPMALIUK U ABTOMATU3UPOBAHHOTO TPOECKTUPOBAHHUS

OIIK-6.3 Bitazeer HaBbIKaMM COCTAaBIEHUS TEXHUYECKOM JOKYMEHTALIUH 10 UCIIOJIB30BAaHUIO U HACTPOUKE KOMIIOHEH-
TOB IIPOTrPAMMHO-AIIAPATHOTO KOMILJIEKCA



Nuaukaropsl 10-

Jranbl GopMHPOBAHHS B Npolecce 0CBOCHHS TUCIUIIHHBI

CTHKEHHUsI KOMIIe- Jlekuuu IIpakTuyeckue JlaboparopHble KypcoBoii npoekT HaumeHoBaHuUe olle-
TeHINH 3aHATHA 3aHATHA (paborta) HOYHOI0 CPe/iCTBA
OIlK-2.1 Paznensr  nuc- | He NpeaycMOTpeH | Paznenbl  IUCHUIIMHBL He npenycmotpen Pacuetno-rpaduueckue

IUIUTAHBL 1-4. | y4eOHBIM IIAHOM 2-4. y4€OHBIM IIJIAHOM paboThI, TabopaTOpHBIC

paboThI, SK3aMEH
OIIK-2.2 Paznener  nmuc- | He MPENyCMOTpEH | Pazmenbl  IUCHUIUIMHBL He npenycmorpen PacuerHo-rpaduueckue
UUIUTHHBI 1-4. | yd4eOHBIM IJIaHOM 2-4. y4eOHBIM IJIAHOM paboTHl, JTA0OpaTOPHBIC

paboThI, IK3aMEH
OIIK-2.3 Pazpnenst  nmuc- | He MPEAYCMOTpPEH | Pazmenbl  IUCHUIUIMHBL He npenycmorpen PacuetHo-rpaduueckue
UTUTAHBI 1-4. | y4eOHBIM IUIAHOM 2-4. y4€OHBIM TIJITAHOM paboThI, TabOpaTOPHBIC

paboThl, IK3aMeH
OIIK-5.1 Paznener  nmuc- | He MPENyCMOTpEH | Pazmenbl  IUCHUIUIMHBL He npenycmorpen PacuerHo-rpaduueckue
UUIUTHHBI 1-4. | y4eOHBIM IJIaHOM 2-4. y4eOHBIM IJIAHOM paboTHI, JTAOOpAaTOPHBIC

paboThI, IK3aMEH
OIIK-5.2 Pazpenst nmuc- | He npenycMmotper | Paznenst  nucnuruiunel | He mpemycmoTpen PacuetHo-rpaduueckue
UUTUTAHEL 1-4. | yaeOHBIM TIaHOM 2-4. y4eOHBIM TIJITAHOM paboTHI, JIA0OpaTOPHBIE

paboThl, IK3aMeH
OIIK-5.3 Paznener nmuc- | He MpEeayCMOTpeH | Pazmenbl  TUCHUIUIMHBL He npenycmotpen Pacuetno-rpaduueckue
UUIUTHHBI 1-4. | y4eOHBIM IIIaHOM 2-4. y4eOHBIM TJIAHOM paboTsl, TabopaTOpHBIE

paboThI, DK3aMEH
OIIK-6.1 Paznenst nmuc- | He npenycMmotper | Paznenst  nucnuruiunel | He mpemycmoTpen PacuetrHo-rpaduueckue
UUTUTAHEL 1-4. | yaeOHBIM TIaHOM 2-4. y4eOHBIM TIJITAHOM paboTHI, JIa0OpaTOPHBIE

paboThl, IK3aMeH
OIIK-6.2 Pazmenst nmuc- | He npenycMoTper | Paznenst  mucnuruiubel | He mpemycmoTpen PacuerHo-rpaduueckue
IUTUTAHEL 1-4. | yaeOHBIM TTaHOM 2-4. y4eOHBIM TIJITAHOM paboTHI, JTa0OpaTOPHBIE

paboThl, IK3aMeH
OIIK-6.3 Paspensr nuc- | He IpeaycMoTpeH | Pasgensl  auciuniinHsl He mpenycmotpen PacuetHo-rpaduueckue
IUIUTHHBI 1-4. | y4eOHBIM IIaHOM 2-4. y4eOHBIM TIJIAHOM paboThl, TabopaTOpHBIE

paboThI, DK3aMEH




Ilepeuensv oyenounvlix cpedcme no oucyunIuHe

OueHovHbIe CpeACTBA Koua-Bo Min, 6a10B Max, oan10B
(0a30BBIi YPOBEHbD) (MoBBIIEHHBIN YPO-
BEHb)
JlaboparopHbie pabOThI 3 18 30
Pacuetno-rpaduueckue pa- 2 18 30
OOTBI
DK3aMeH 1 24 40
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87 -100

OT1iIuyHO

O1eHKa «OTIIMYHOY» BBICTABISIETCS CTYJCHTY, €CIIM TEOPETHYECKOE CoJepKaHue Kypca OCBOCHO MOJIHOCTHIO, Oe3 Mmpo-
0€eJI0B; NCUEPIIBIBAIOIIE, TIOCIEA0BATEIBHO, YETKO M JJOTMYECKH CTPOMHO M3JIaraeT MaTepuai; cBOOOTHO CIpaBIsieTcs C
3aJjadyaMy, BOIIPOCAMHU U IPYTUMH BUAAMU IPUMEHEHHS 3HAHUH; UCIIOJIB3YET B OTBETE JOIIOJHUTEIIBHBIN MaTepuall BCe
IIPESYCMOTPEHHBIE IPOrPaMMOM 3aJaHNsl BBIIIOJIHEHBI, KAUECTBO MX BBIIIOJHEHHUS OLEHEHO YHMCIIOM OajIoB, ONHM3KUM K
MaKCHMaJIbHOMY; aHAIM3UPYET NOJYUEHHBIE PE3yNIbTaThl; MPOSBISIET CAMOCTOSITEIbHOCTh IPHU BBIITOJHEHUH 33 JaHUI

74 - 86

Xoporo (

OneHKa «XOpPOIIO» BBICTABIAETCS CTYEHTY, €CIIM TEOPETUIECKOe COJIeprKaHue Kypca OCBOCHO IIOJIHOCTBIO, HE0OXO-
JUMBbIE MTPAKTUYECKHE KOMIIETCHIIMH B OCHOBHOM C(hOPMHPOBAHBI, BCE MPEAYCMOTPEHHBIE IPOrpaMMOn 00ydeHHs
yueOHbIE 3a7]aHusl BBITIONHEHBI, KAYECTBO WX BBIMOJIHEHHUS I0CTATOYHO BbIcOKoe. CTyIEHT TBEP/O 3HACT MaTepual,

TPaMOTHO U IO CYIIECTBY M3JIaraeT ero, He JOMyCKas CYIIeCTBEHHBIX HETOUHOCTEN B OTBETE Ha BOIPOC.

60 -73

VY noBieTBO-
PUTETBHO

OrneHka «yIOBIETBOPUTENBHO» BBICTABISIETCS CTYIEHTY, €CIIH TEOPETUUECKOE COAECPKAHUE Kypca OCBOEHO YaCTHYHO,
HO Ipo0eIbl He HOCST CYIIECTBEHHOTO XapaKkTepa, OOJBIINHCTBO MIPEIYCMOTPEHHBIX IPOrpaMMON 3alaHUH BBITIOIHE-
HO, HO B HUX UMEIOTCSI OIIMOKH, TIPY OTBETE Ha MOCTABICHHBIH BOMPOC CTYIEHT AOMYCKAET HETOYHOCTH, HETOCTATOYHO
MpaBUIIbHBIE POPMYIUPOBKH, HAOTIONAIOTCS HAPYILIEHHUS JIOTHIECKON TIOCIIEIOBATEIBHOCTH B H3JIOKECHUH MTPOTPaMM-
HOr'0 MaTepHaia.

Huxe 60

Heynosnerso-
PHTENBHO

OrneHka «HeyIOBJIETBOPUTENBHO» BBICTABIIETCS CTYAEHTY, €CIIM OH HE 3HAET 3HAYNUTENBHON YaCTH MPOrpaMMHOTO Ma-
Tepualia, JOIMYCKaeT CYIIECTBEHHbIE OIMMOKH, HEYBEPEHHO, C OONBIINMH 3aTPYJHCHUSMH BBITIOJTHACT MPAKTUUYECKUE
paboThl, HEOOXOAUMBIC TPAKTHYECKHE KOMIIETEHIIMH HEe COPMUPOBAHBI, OOJBIIMHCTBO MPEYCMOTPEHHBIX POTpaM-
Mol 00yueHHs yueOHbIX 3aaHUI HE BBIIOJIHEHO, KAY€CTBO UX BBIIOJIHEHHS OLEHEHO YHCIIOM 0auIoB, OJIM3KUM K MU-

HUMaJIbHOMY




KpaTkasi XapaKkTepHCTHKA OLEHOYHBIX CPe/ICTBA

Ne | Haumenosanue| Kpamkasa xapakmepucmuka oyenounozo | Ilpeocmasnenue
n/n| oueHouHo20 cpeocmea OUYEHOYHO20 Cpeo-
cpeocmea cmea é ponoe
1 2 3 4
1. |JTaGopatopHast |I9T0 Bua yueOHOUW pabOTHI, menbi0 KoTopoi| Temsl mabopaTop-
pabora ABJIAETCS U3y4YeHUe (MCCIIeOBaHUE, U3MEpe-|HbIX paboT, KOH-
HUE) XapaKTePUCTUK JIAOOPATOPHOTO OOBEK-|TPOIHHBIC BOIIPO-
Ta. CBI TIO TEME
Ilens mabopaTOpHBIX 3aHATHNA: OCBOEHHE|I1a00paTOPHOI pa-
H3y4yaeMou y4eOHOW MUCHMILUIMHBI, MPHOOpE-|00ThI, BOIPOCH K
TE€HHE HaBBIKOB MPAKTUYECKOTO MPUMEHEHUS |KOJUIOKBUYMY
3HAHUHU Y4COHOM MUCIUIUIMHBI (JIUCIUILINH)
C HWCIIOJBb30BAHUEM TEXHMUYECKUX CPEIICTB U
(nnn) o0opy0oBaHUs
2. |PacuetHo- CpencTBo MpoBEepKU YMEHUU MPUMEHATH 1o-|Kommiiekt  3aza-
rpaduueckas  |Jdy4yeHHbIC 3HAHUS T10 3apaHee ONPECICHHON |HUM JJI BBIMOJIHE-
pabora METOJMKE JJIsi PEIICHUs 3a/lay WM 3aJlaHui |[HUS pacyeTHo-
10 MOJTYJIIO WJTW JUCITUIUTHHE B IIEJIOM. rpadguyeckoii  pa-
OO0TBI
3. |DKk3ameH Cucrema cCTaHIApTU3UPOBAHHBIX 3ajaHuil, DOHI  TECTOBBIX
MO3BOJISIONIAs ABTOMATU3UPOBATh POLIEAYPY |3adaHUI

U3MEpPEHUsI YPOBHS 3HAaHUN U yMEHUH 00y-
YaIOLErocs.




MunucTtepcTBO HayKu U BeIciiero oopasosanus Poccuiickoit deaepanuu
HuxHekaMCKUl XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((usuan)
(enepanbHOro roCcyJapCTBEHHOTO OFO/I)KETHOTO 00pa30BaTEIBHOTO YUPEKICHHUS
BBICILIETO 00pa30BaHMUs
«KazaHckuii HalMOHAIBHBIN UCCIIEOBATEIbCKUN TEXHOJIOTUYECKUN YHUBEPCUTET»

®axkynpTeT UHPOPMAIIMOHHBIX TEXHOJIOTUN
Kadenpa napopmMarimoHHBIX CUCTEM M TEXHOJIOTHI
Hanpasnenue noarorosku 09.04.01 «Mudopmatrka v BEIYUCIUTENbHAS TEXHUKA»

VY4ebHpIM TUTaHOM TI0 HarpasieHuto moarotoBku 09.04.01 «Muadopmaruka u
BBEIYHMCIIUTEIbHAS TEXHUKA» I 00YJaIOmUXCs MPEeIyCMOTPEHO TpoBeaeHre 1abo-
PaTOPHBIX PadOT MO JUCHUILUIMHE «APXUTEKTYypa HNapaJUICIbHbBIX BBIYHCIUTEIBHBIX
CUCTEM).

Jabopamopnas paboma 1
[NapannensHOE IPOTPaMMHUpPOBAHHE IJISI CHCTEM C OOIIEH MaMsATHIOC HCIIOTIb30BaHHEeM TexHomorun OpenMP.

eab padoTbl: —M3y4uTh TexHogornw OpenMP 1 ocHOBBI pa3padoTKH NapaLIebHBIX MPOrpamMM IS
MHOTIOSI/IEPHBIX NMPOLECCOPOB, HANMMCATH U OTJIAAAUTH HA si3bIke C mapajuleIbHYI0 MPOrpaMMy JIsl pelieHust
TMOCTABJIEHHOM 32/1a4M HA CHCTEMe ¢ 001ell maMsThIo.

1.1. Ocuognble cBeacuus 06 OpenMP

Texuomorus OpenMP [10, 11] B HacTosIee BpeMs SIBIIIETCS OJHMM M3 HauboJjice MOMYyISPHBIX CPEACTB I1a-
PaJLIETBHOTO MPOrPAMMHUPOBAHUSI U1 KOMIIBIOTEPOB € 00IIel MamsIThio, Oa3upyroieiicss Ha TPaJUIMOHHBIX MOCIIe-
JIOBATEJIBHBIX S3bIKAX MPOrPAMMHUPOBAHMS U HMCIOJIb30BAHUM CHELUAIBHBIX KOMMEHTApPHEB. 3a OCHOBY OepéTcs mo-
Clle/IoBaTeNibHas MporpaMma, a JJisi CO3JaHusi e€ MmapajuleNbHONW BEPCHHU MOJB30BATENIO MPEIOCTABISIETCS] HAOOP
JUPEKTUB, QYHKIHIA 1 TIepeMeHHBIX OKpYxeHus. TexHonorust OpenMP Hanenena Ha TO, YTOOBI TOJIL30BATENh UMET
OJIMH M TOT )K€ BapHAHT IPOrpaMMbl Kak JUIsl MapaJuUIeIbHOTO, TaK U VISl MTOCJIE0BATEIbHOIO PEKUMa BBITTOJIHEHUS.
[Mapamrenu3zm B OpenMP peanu3yercst ¢ NOMOIIBIO MHOTOIIOTOYHOCTH. [IpH 3amycke mporpamMMbl CO3Ja€TCsl €MH-
CTBEHHBIH «TJIaBHBIN» (Master) moTok, KOTOPBIA 3aTeM co3aeT Habop «IOMUHHEHHBIX» (Slave) moToKOB, U BEIYHCITE-
HHSI pacrpelessIFoTCsl MeXKAYy BCEMHU MOTOKaMmH. [Ipenrmonaraercsi, 4TO MOTOKH BBIMOJIHSIOTCS MapaJuIebHO Ha Ma-
HIMHE C HECKOJILKUMHM TpolieccopaMu (sSApaMu), MPUYEM KOJIMYECTBO IPOLIECCOPOB/Sep HE 00s3aTEIbHO JOJIKHO
OBITH OOJIBIIIE WIIM PABHO KOJMYECTBY MOTOKOB. JIpyruMu clIoBaMH, MOTOKH MapajuleIbHON MPOrpaMMbl MOTYT OObIY-
HBIM 00pa30M KOHKYPHPOBATh MEXIy COOOH 3a BpeMs Ipolieccopa/sipa.

Baxupm goctomHcTBoM TexHONOTHH OpenMP sBisieTcss BO3SMOXKHOCTD pealli3alliiil TaK Ha3bIBAEMOTO WH-
KPEMEHTAILHOTO MTPOrPaMMHPOBAHU, KOT/Ia MPOTPAMMHUCT MOCTEIIEHHO HAXOAWT YYACTKH B MPOTpaMMe, CoIepikKa-
IMe pecypc mapamuiean3Ma, ¢ MOMOIIBI0 MPEJOCTaBISIEMBIX MEXaHU3MOB JIeNIaeT UX MapajlielbHbBIMU, a 3aTeM Tepe-
XOJUT K aHAJM3y CIEAYIOIMUX y4acTKoB. Takum o6pa3om, pacniapauieieHHble YUaCTKH MOCTENEHHO OXBAThIBAIOT BCE
OOJBIIYIO0 YacTh MPOTPAMMBL. DTOT MOAXOJ 3HAYMTETHHO O0JerdaeT Mmpolecc aganTaliy MOCIeI0BaTENbHBIX MPO-
TpaMM K MapayijieIbHBIM KOMITBIOTEpaM, a Tak)Ke OTIAJKY U ONITUMHU3AIINIO TPOTPaMM.

Moaens UCHOJMHEHHs] NapajuieIbHOW MpOrpaMMbl, MOJATOTOBIEHHOM ¢ MOMOIIbI0 TexHojorun OpenMP,
MOJKHO C(POPMYJIAPOBATH CICIYIOIIUM 00pa3oM:

- [Iporpamma coziepxuT HAOOP MOCIIEAOBATEIBHBIX U MTaPAJUIEIBHBIX 00JIaCTe! (MITH CEKIINI HIH PETHOHOB).

- B HayayIbHBI MOMEHT BPEMEHHU CO3/1a€TCsl TJIaBHBIM MOTOK, BHIMOJHSIOIINI BIIOCIEACTBUU BCE MOCIIEI0BA-
TeJbHBIE 00JIaCTH MPOTPAMMBEI.

- [Ipu BXOJ€ B mMapaienbHy0 001acTh TIIaBHBIM TIOTOKOM BHIMOHSIETCS omneparus fork, moposknarorias co-
BOKYITHOCTh TTOTYMHEHHBIX MMOTOKOB. KaXKIbIif MOTOK MMEET CBOM YHHUKAIBHBIM YUCIOBON MASHTU(HUKATOD (TTABHOMY
notoky cootBercTByeT (). [Ipu pacnmapaiienuBaHiH IIMKIIOB BCE MapaJuICIbHBIC TOTOKH UCIIONHSIOT OJHH H TOT XKE



KOJI, HO C Pa3sHBIMH JaHHBIMU. B 00111eM ciiydae IOTOKH MOTYT MCIIONHATH Pa3InYHbIe (hparMeHTHl KO/a.
MIOJTHEHHE BCEX TMTOTOKOB, KPOME TIABHOTO.

- [Ipu BBIXOJE M3 MapaJIeIbHON 00JaCTH BCEMH MOTOKAaMH BBITIOJTHAETCS OTIepaIlus join. 3aBepriaeTcs BbI-
MeHH (KAK TIpaBHIIO, 3TO 00Jiee COOTBETCTBYET PEalbHOM KapTHHE).

Ha puc. 1. mponsutiocTpupoBaHoO CO3/1aHKE M UCTIOJHEHHUE JBYX NapaulelbHbIX oOnacteil. B nepBoii obnactu
BCE ITOTOKH MPUXOIAT K MOMEHTY BBIXOJd U3 HEE MPAKTHICCKN OJHOBPEMEHHO, BO BTOPOI — B pa3HbIE MOMEHTHI Bpe-

HJonongHTeNEHELE TOTOKH
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Puc. 1. Co3panue qByX mapajuieldbHBIX PETHOHOB
puc. 2.

OOBIYHO JOIyCKAeTCsl BO3MOKHOCTb 00pa30BaHMs BIOXKCHHBIX MapalIesIbHBIX oOJlacTel, Koraa MoTokK, Co-

SI[aHHBIﬁ KakK I[OHOJ'IHI/ITSJ'IBHBII\/‘I, CTaHOBUTCS MAster-rmoToOKOM st HOBOM r[apanneanoﬁ O6J'IaCTI/I, KaK IIOKa3aHO Ha

o
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Puc. 2. Coz0anue 61024CeHHbIX NAPATIETbHbIX PESUOHO8

ITox OpenMP nmonnMaeTcst COBOKYITHOCTD CIEIYIONINX KOMIIOHEHT:



- JIMpeKTHBBI KOMIMIIATOPA — MCIOJIB3YIOTCS ISl CO3IAaHMSI IOTOKOB, PaclpeaesieH s pabOTEl MEXKAY MOTO-
KaMU M X CHHXPOHHM3aIWH. [IMpEeKTHBHI BKIIOYAIOTCS MPOTPAMMICTOM B MICXOJHBIN TEKCT IPOTPaMMBIL.

- [NognporpaMmsl OHOIMOTEKN BPEMEHH BBIITOJIHEHHS — MCIIOJIB3YIOTCS Ul YCTAHOBKU M ONPEIEIICHUS aT-
pHOYTOB IMOTOKOB. BBI30BBI ATHX HOAIIPOrpaMM BKIFOYAFOTCS TPOTPAMMKCTOM B UCXOIHBIA TEKCT.

- HepeMeHHLIe OKPYXKCHHS — UCHOJIB3YIOTCA [JI YIIPABJIICHUA TOBCICHUEM napanﬂenbﬂoﬁ IMpoTrpaMMBEl. Ile-
PCMCHHBIC OKPYXKCHHUA 3adar0TCA HJIsI CPEAbl BBINIOJTHCHUSA napannenbﬂoﬁ nporpaMmMbl COOTBECTCTBYIOIIUMU CPEI-
CTBaMH OHepaL{I/IOHHOI\/'I CHUCTCMBI.

Hcnonp3oBaHne IUPEKTHB KOMITMIIATOPA U MOJNPOrpaMM OMOIHOTEKH BPEMEHHU BBINOJHEHUS I10JUHHACTCS
IpaBuiIaM, KOTOPBIC Pa3IMYaloTCs JUIS PAa3HbIX SI36IKOB IPOTrpaMMHUpoBaHust. COBOKYITHOCTh TaKUX IPABHII U1 OLHO-
ro si3bIKa MPOrPaMMHPOBAHHS HA3bIBACTCSI MPUBSI3KOI K s3bIKy. Texnomorus OpenMP co3nana U moamepKUBacTCst
qutst si3eikoB C, C++ 1 Fortran. B aToit naboparopHoii paboTe mpeamnosaraercst ucnonbzoBanue si3bika C/C++ B cpene
paspabotku Microsoft Visual Studio (Hauunas ¢ Bepcuu 2005). st TOro, 4T00bI €€ KOMITHIATOP HY>KHBIM 06pa3zom
pearupoBai Ha aupekTuBsl OpenMP u cTpoun napaniensHylo IporpaMMy, B KOMaHIHYIO CTPOKY €TI0 3allycKa JIOxK-
Ha OBITh BKJIFOUEHA OMIIMs /openmp (HampuMep, myTeM BKItoueHus ¢uaxka «OpenMP support» B cBolicTBax mpoekra
Ha 3aknagke Configuration properties\C/C++\Language).

Jast Toro, 4ToObI B mporpaMme Ha sizbike C/C++ cTanu 1ocTynHbI BO3MOXXKHOCTH TexHonorun OpenMP, B Hee
HY’KHO BKJIFOUHMTH 3ar0J0BOYHBINA (aiiix omp. h:

#include <omp.h>

Ecnu 3Ty mporpaMMmy TpaHCIHpPOBaTh KOMIIIJIATOPOM, HE MOJAEPKUBAIOIUM TexHojoruo OpenMP, To oHa
OyzeT mocTpoeHa B 0OBIYHOM MOCIIEAOBATEIEHOM (OXHONOTOYHOM) BapHAHTE, IIOCKOJIBKY BCE JUPEKTUBHI, 3aIafOIIHE
pacnapayuienuBanne, oGpopMIIIOTCS B BHIE TaK Ha3bIBAEMBIX NMparM (PeKOMEHIANui), 1 IPOCTO UTHOPUPYIOTCS Ta-
KHMHU KOMIIIATOPaMH.

B nporpammax Ha sizeike C/C++ Bce mparmbl, iMeHa (GYHKIMNA U NIepeMeHHBIX OkpyxkeHust OpenMP Haum-
HAIOTCS CO CTPOKU «ompy». PopMaT TUPEKTUBHI:

#pragma omp oupexmusa [onyusa_1[, onyus_2, ...]]

Kanc;[aﬂ JUPEKTUBA BMECTE CO BCEMU €€ OINIUAMU 00s13aTEILHO JOJDKHA 3aHUMAaTh POBHO OJHY CTPOKY TEK-
cta. JleicTBHEe HEKOTOPHIX AUPEKTHUB PACIpOCTPaHIETCS TOJNBKO Ha OJWH omepaTop (WM OJIOK OIepaTopoB, 3aKITIO-
YCHHBIX B (PUTYpHBIE CKOOKH), HETIOCPEACTBEHHO CICAYIOIINN 3a JUPEKTHUBON B TEKCTE MpOrpamMMel. J{is Takux au-
PEKTUB OYJEeT yKa3aH

<cmpykmypuwiii 610K KOOa>.
[Mepeuens nupexTuB OpenMP Birovaer B cesi:

1. ,HI/IpeKTI/IBa 3aJaHus MapajiyieJibHO BBIIOJIHAEMOK CCKIIUN:

#pragma omp parallel [onyus_1[, onyus_2, ...]]
<cmpykmypHblil 610K K00a™>

C IIOMOIIIBIO OHHI/Iﬁ JTOH JAUPCEKTUBBI MOKHO YKa3aThb:

— tpebyemoe KonmuecTBO moTokoB n (num_threads(n));
— YCIIOBHE, TIPH KOTOPOM TapajijiebHas 001acTh AeHCTBUTENBHO co3aaercs (if(yciosue));
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— CITMCOK OOIIMX MEPEMEHHBIX UL BCEX IOTOKOB JaHHOM CeKIMH (shared(cnucox nepemenmpix));

— CIIUCOK TEPEMEHHBIX, KOTOpbIE OYIyT JOKAIbHBIMHU B KaXJOM MOTOKE CEKIMU (private(cnucok nepemen-
HbIX)), IPAYEM MX HaYaJbHbIC 3HAUYCHUS HE OyIyT ONpPE/ICIICHEI;

— CIIUCOK TIEPEMEHHBIX, KOTOpbIe OYAyT JOKAILHBIMH B KaXIOM MOTOKe CeKumu (firstprivate(cnucok nepe-
MeHHbIX)), IPUYEM B Ka4eCTBE UX HAYalbHBIX 3HAYCHHUII OYIyT YCTAHOBJICHBI 3HAUYCHHS OJHOMMEHHBIX MEPEMEHHBIX
U3 IJIaBHOTO MMOTOKA;

— cmocob HazHavyeHus knacca mamsrtu default(shared|none) Bcem mepeMeHHBIM MOTOKOB, KOTOPBIM KIIAcC HE
Ha3HAYCH SIBHO ¢ MOMOIIbI0 omiumu shared (coBo NONE 03HavaeT, YTO KJIacC MaMsITH BCeX JIOKATbHBIX MEPEMEHHBIX
JIOJDKEH OBITh 3a/IaH SIBHO); B pealu3allusax Uis s3bika Fortran MoryT Ha3Hauathes Kiaccsl private u firstprivate;

— CIIMCOK MEePEMEHHBIX, 0OBIBICHHBIX AUPeKTHBOIT threadprivate (cM. Hipke), KOTOpBIE TIPH BXOJE B mapai-
JIENBHYIO CEKIUIO HHUIMATM3UPYIOTCS 3HAUCHUSIMU COOTBETCTBYIOIINX MMEPEMEHHBIX B TOTOKE-MaCTepe;

— OMmepaTop CBEJCHHS U CMUCOK OOLINX MEPEMEHHBIX reduction(onepamop . CHUCOK nepeMeHHbIX); I KaK-
JIOM yKa3aHHOH B CITHCKE NMEPEMEHHOMN CO3[al0TCsl JIOKAIbHbBIC KOMHU B KOKIOM MOTOKE; JOKAIbHbBIC KOMHKM MHHUIIAA-
JHU3UPYIOTCS COOTBETCTBEHHO TUITY oliepaTopa (Ui aAJUTUBHBIX ONEpPAIMii HOJIb MM €r0 aHAJIOTH, [T MYJIbTUILTH-
KaTHBHBIX OIEpaLUil eIMHUIA WK e€ aHAIIOTH); HaJl BCEMH JIOKAJIbHBIMU KOMHSMH KXKIOW MEpEeMEHHO# mocie
3aBepLICHUs TapajlIeIbHOM CeKIuK Oy/IeT BBIMOJIHEH 3aaHHbIil ONepaTop CBEICHUs, pe3yabTaThl OyIyT 3aHECEHBI B
OJTHOMMEHHBIE OOIIHE TIEPEMEHHEIE; B KAYeCTBE OTlepaTopa MOKHO YKa3biBaTh: +, —, *, &, |, , &&, ||.

2. JlupexTuBa onpenesicHUs [IUKJIa, UTEPAI[HA KOTOPOTO HYKHO PACHpPEICTUTh MEKIY MapaliebHO BBIIOJ-
HSICMBIMH TTOTOKAMH:

#pragma omp for [onyus_1[, onyus_2, ...]]
<cmpyxmypuwviii 010K K00a>

C uCnoIb30BaHUEM OIIHMK TUPEKTHBEI for MOXKHO yKa3aTh:

— CIHCOK IEPEMEHHBIX, KOTOpBIE OYAYyT JIOKAIBHBEIMHU B Ka)KIOM IOTOKE CEKLHHU (private(cnucox nepemen-
HbiX)), IPHYEM UX HAadaJIbHBIC 3HAUCHUS HEe OyIyT ONPENeIICHBI;

— CIHCOK TEPEMEHHBIX, KOTOpbIe OYAyT JIOKAJIBHBIMH B Ka)XIIOM MOTOKe cexuuu (firstprivate(cnucox nepe-
MeHHbIX)), IPHYEeM B Ka4eCTBE MX HadyaJbHBIX 3HAUCHHUIl OyqyT YCTAHOBICHBI 3HAUYCHUS OJHOMMEHHBIX IEPEMEHHBIX
U3 TTIABHOTO MOTOKA;

— CIIMCOK TNepPEeMEHHBIX TNIaBHOTO MoToKa (lastprivate(chucox nepemenHsix)), KOTOPHIM OyIyT HPHUCBOEHBI
3HAUYCHUSI, TOJYYCHHBIC TIPH BBHITIOIHEHHUH MOCICIHEH UTEpaIIH [IUKIIA;

— OmepaTop CBEJCHHS U CIUCOK OOIINX MEPEeMEHHBIX Feduction(onepamop . CHUCOK nepemMeHHbIX); TS Kak-
JI0il YKa3aHHOM B CITHCKE TIEPEMEHHOM CO3Jal0TCs JOKaIbHBIC KOMMH B K&KIOM MOTOKE; JIOKAIbHbIC KOTIMH MHHIHA-
JIM3UPYIOTCS COOTBETCTBEHHO THUITY OTiepaTopa (IUisl aIJUTHBHBIX OMepaIldii HOJb WK €r0 aHAJIOTH, IS MYJIbTHILIN-
KaTHBHBIX OIlCpalldil eAMHMIA WM e€ aHaJOTW); HaJ BCEMH JIOKAJBGHBIMH KONMSAMH KaXXAOW NMEepeMEeHHOH mocie
3aBepIICHHS NapayIeIbHON CeKIMU OyIeT BHINOIHEH 33/IaHHBIIl OIlepaTop CBEICHHS, Pe3yNIbTaThl OyoyT 3aHECCHEI B
OJTHOMMEHHBIE O0II[He TIEPEeMEHHbBIE; B KAUECTBE OlepaTopa MOKHO yKa3bIBaTh: +, —, *, &, |, , &&, ||;

— cnoco0 pachpenesieHus WTepaldil [UKJIA MEXIy MOoToKkaMu mnapauiensHon cexiwu (Schedule(typel,
chunk])); mapamerp chunk atoii oniuu onpeenser KOJINIECTBO UTEPALM HA OJUH MOTOK (M0 ymoiyauuio 1), mapa-
MeTp type ykas3blBaeT THI PACIPEACIICHUS U MOXKET UMETh 3HAYCHHS:

§ static — crarnueckwuid, T. €. MPH KOMIMJISIINH,

§ dynamic — TuHAMHYECKHUH, T. €. IPU BHIMOJHEHHUH,

§ guided - quHAMIYECKHIi C YMEHBIIICHHEM KOJIUYECTBA UTEPAIMi HA TIOTOK OT HAYAIBHOTO, OTPEEIIEMOT0
aBTOMAaTHYECKH, 10 3Hauenus chunk,

§ auto — croco6 pacnpeeneHus BEIOUpaeTCsi KOMIUAISTOPOM WM MCTIOJTHSIONIEH CUCTEMOH,

§ runtime — croco6 pacrpe/eseH s 3a1aeTCsl ClIeHUaIbHON IePEMEHHOW OKPY)KEHHUS ONepPaLliOHHOI cucTe-
MBI,

— BO3MOXHOCTB (omuus ordered) mosiBieHust B Telie LUKIA AUPEKTHUBBI Ordered, kotopas TpeOyeT HCIoJHe-
HHSI OXBaYCHHOTO €10 0JIOKA OIEepaToOpOB B TOYHOCTH B TOH e MOCIECIOBATEILHOCTH, KaKasi peau3yercs B MOCIeI0-
BaTENIbHOW BEPCUH TAHHOTO IUKJIA;

— oTMeHy (nowait) HesiBHOI OapbepHOW CHHXPOHM3AIMH MOTOKOB, JOCTHIIIMX KOHIIA BBITIOJNHEHHS CBOCH Ya-
CTH WTepanuii nuKiIa (IPU OTCYTCTBHH 3TOM OMIMH YYaCTOK MPOTPAMMBI TOCHIE IUKJIA OYAET BBIMOIHATHCS TOIBKO
TOT/Ia, KOT/Ia BCE MTOTOKH BBITIONHAT BCE CBOHM UTEPAIIUH;

— ryOMHY N BJIOXEHHBIX JPYT B Apyra mukios (collapse(n)), mpocTpaHcTBO MTepaimii KOTOPBIX MOMIJIEKHUT
pactipeeNIeHuIo MeX Iy apauieJIbHBIMUA MTOTOKaMH (JIOCTYITHO TOJIBKO B peanu3anuu 2.5 texHonoruu OpenMP);

Hupextussr parallel u for MmoxxHO 00BeIUHATE B OMHY AUPEKTHBY, B KOTOPOl MOYKHO YKa3bIBATH OIIINH Kak
mupextussl parallel, Tak u gupextuss for:

#pragma omp parallel for [onyus_1[, onyus_2, ...]]



3. I[I/IpeKTI/IBa, YKa3bIBaromiasg Ha HCO6XO)_II/IMOCTL HCIIOJHCHHA OXBATBIBAEMOI'O €10 YJacCTKa KOJa (qacm TC-
Ja um(na) B TOM IOCICA0BATCIBHOCTH, B KOTOpOﬁ OH BBITIOJHACTCA B YUCTO IMOCIIEA0BATCIIBHOM PEKNUME

#pragma omp ordered

<cmpyxkmypHulti 610K K0Oa>

4. lupexTuBa 3a/1aHusi 00J1aCTH HELMKINYECKOT0 NMapauiesn3Ma (y4acTKu CTPYKTYpHOTo 0JloKa KoJja, KOTo-
pbIe MOTYT BBITIOJTHATHCS MAPAIUICITBHO, BBIICISIOTCS ¢ IOMOIIBIO OMMCHIBAEMOI 1aliee TUPEKTUBBI Section):

#pragma omp sections [onyus_1[, onyus_2, ...]]

<cmpykmypHulil 610K K00a™>

B kauecTBe omiuii 3TOit AMPEKTUBBI MOXKHO YKa3biBaTh private, firstprivate, lastprivate, reduction u nowait,
MMEIOLIHE B TOYHOCTH TaKOW JK€ CHHTAKCHC U TOT YK€ CMBICII, YTO M Y TUPEKTHUBEI for.

5. I[I/IpCKTI/IBa ONPEACIICHUS YIACTKa HEUKIINIECKOI0 Koga Ul OAHOIO ITOTOKA!

#pragma omp section

C moMomiplo 3TOH IUPEKTHBEI BHYTPH y4acTKa KOJa, OXBAUYCHHOTO IHPEKTHBOMW SeCtiOns, BBIACISAIOTCS OT-
JienbHbIe (PparMeHTHI JUTS UCTIONHEHUS apajulesIbHBIMU IToTokamu. [lepes camMbIM mepBbIM (parMeHTOM ydacTka He-
[UKJIMYECKOTO KOJIa TUPEKTHBY SECtiON MOXKHO HE YKa3bIBATh.

6. Z[I/IpeKTI/IBa 00BABIIEHUS CIUCKA JIOKAIbHBIX NIEPEMECHHBIX ITIOTOKOB

#pragma omp threadprivate(cnucok nepemenivix)

DTa JIMPEKTHBA TIO3BOJSET CHEIATh JIOKATBHBIE KONMHM ISl CTATHYECKUX MepeMeHHbIX s3bika C/CH++ (u
COMMON-06s10K08B s13p1Ka DOPTPaH), KOTOPHIC IO YMOTYAHHIO SBISIOTCS OOIIMMHU.

7. lupextrBa co3qaHus OTIACIFHON He3aBUCUMOM 3a1aun (HaunHas ¢ Bepcun 2.5 OpenMP):

#pragma omp task [onyus_1[, onyus_2, ..]]
<cmpyxmypuwiii 610K K00a>

Tekymuit IOTOK co31aeT B Ka4yecTBE 3aJa4l aCCOLMUPOBAHHBIN C IUPEKTHBON OJIOK onepaTopoB. DTa 3a1aya
MOXKECT BBIIIOJIHATHCA HCMCIJICHHO II0CJIC CO3JaHus NJIIN OBITh OTJIOXKEHHOM Ha Heonpe):[enéHHoe BpPEMS U BBITIOJIHATH-
Cs 110 4acCTAaM. Pa3Mep TaKuX ‘IaCTeﬁ, a TaK¥XC MOPAAOK BBITTOJIHCHUA yacTen Pa3HBIX OTJIOKCHHBIX 3a/la4 ONPEACTIACT-
cs1 peanmzareir OpenMP.

Jlabopamopnas paboma 2
PacnapannenvuBanve BEIUMCICHUNA MIPU PEIICHUN 33]1a4 MATPUUHBIX BEIYUCIICHHM.

Lean padoThI: —M3yYUTH METOIbI H ATTOPHTMBI Pa3padoTKH NapaJLIeIbHBIX MPOTPaMM A5 pPelieHust
3aja4 MATPUYHBIX BIYHCIEHMIA.

B na6oparopHoii padote HEOH6XOAMMO pazpaboTaTh HaPaLIENLHYIO IPOrPAMMY IS PEMICHUS 3a1a4:
1. Pemiennie crcTeMBI IMHEHHBIX alre0pandeckuX ypaBHEHHH.

2. CopTupoBKa MaccHBa JaHHBIX Pa3INYHBIMA METOJIAMH.

3. IlepeMHOXEHHE MATPHII.

4. BrruucieHue 06paTHON MAaTPHIIBL.



PexomermallMn K 3amade Ne 1 — pernieHne CUCTEMBI JIMHEHHBIX anredpandeckux ypaBHenuii (CJIAY) 60mbimoit
pasmepHocTd. Matpuia kodddumuentor CJIAY BeigaeTcs mpernojaBaTesieM WIH CO30aeTCsI CaMOCTOSTENBHO C
ncrnoiib3oBanrueM nporpammbl GenSLAU, dopmupyroriei 1u60 TeKCTOBBIH, JIN00 OMHApHBIN (aiii (1o BEIOOpY
cTyAeHTa). 11 B TOM U B IpyToOM ciy4ae IepBBIM dJIEMEHTOM (haiina sBisercst pa3mepHocTs MaTpunsl N, ciemy-
formue N rpymm amemeHToB coaepxkar N+1 drcio ¢ TuraBaroIieid Toukoi, u3 KOTOPBIX mepBbie N 9uces — 3To KO-
3¢} GHUIHEHTHI COOTBETCTBYIONICH CTPOKHM MATPHIIBI, & MOCIIeTHEE — CBOOOAHBIN YJICH 3TOH cTpokH. B OnHapHOM
(hopMaTe KaxIbIM DJIEMCHTOM SIBIISICTCS 4-X OaliTHOE BEIECTBCHHOE YKCIIO, pa3eIuTeNcH HeT. B TekcToBOM
(hopmare pasnenuTeieM MEKIY IEMEHTAMU SIBISIETCS: cuMBOIT tipobena (¢ komom 0x20), a B kauecTBe pasjienu-
TeJS MEX/Ty TPYIIAMH 3JIEMEHTOB HCIIONB3YETCs TOCIIE0BATEILHOCTH CUMBOJIOB ¢ kKogamu 0X0D, Ox0A (mepe-
BOJI CTPOKH, BO3BpaT KapeTku).Ha kaxayro paboTy CTYICHTY BBIIACTCS PEKOMEHIYEMbIi WHAUBUIYAIbHBINA Ba-
pHaHT pa30oueHus MaTpuilbl KodpduiueHToB CJIAY Mexay BETBIMH NapallIeIbHON MPOrpaMMBlL.

Jlabopamopnas paboma 3
PacnapannenvuBanve BbIUKUCICHHUM IPU YUCICHHOM PEIICHUH aHATUTHYECKUX 3aay.

Heasb padoThl: —M3YYUTH METObI U AJITOPUTMBI PA3PaGoTKH MapaieJbHbIX MPOrpaMM AJs pelleHust
3a/1a4 YMCJIEHHOTo A depeHIupOBaAHUS, MHTETPHPOBAHNS, MOIEJIHPOBAHNS.

B naGopatopHoii paboTe Hy>KHO pa3paboTaTh MapauIebHY0 POrpaMMy JUTS PeLIeHHs 3a1ay:

1. Yucnennoe nuddepeHnupoBaHue.

2. YucrneHHOE MHTETPUPOBAHUE.

3. Hucaennoe MOJACINPOBAHHUC.

MGTOI[BI " AJITOPUTMBI JId PCHICHUSA BLI6I/IpaeTC$[ CTYACHTOM CaMOCTOSATCIIBHO.

Kpumepuu OUECHKU

Bun xouTpons MuHUManbHOE KOJIHNYECTBO MaxkcumainbHOE KOJIUYECTBO
OarioB OasioB
JlaboparopHas padoTta 1 6 10
JlaboparopHast pabora 2 6 10
JlaGoparopHas pabota 3 6 10
Hroro 18 30




MunucTtepcTBO HayKu U BeIciiero oopasosanus Poccuiickoit deaepanuu
HuxHekaMCKUl XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((usuan)
(enepanbHOro roCcyJapCTBEHHOTO OFO/I)KETHOTO 00pa30BaTEIBHOTO YUPEKICHHUS

BBICHICTO 06p330BaHI/I$I

«Kazanckuit HaHHOHaHLHLIﬁ HCCJICI[OBaTeJII)CKI/Iﬁ TEXHOJIOTUYSCKUMI YHUBCPCUTCT»

®dakynpTeT HHPOPMAITHOHHBIX TEXHOJIOTHUN
Kadenpa napopManimoHHBIX CUCTEM M TEXHOJIOTHI

Hanpasnenue noarorosku 09.04.01 «Mudopmatrka v BEIYUCIUTENbHAS TEXHUKA»

KomMrinekT 3aganuii 17151 BBINOJIHEHUS pacueTHO-Tpauueckux padot
10 TUCHUILTUHE «APXUTEKTYpa MapauiebHbIX BHIYUCIUTEIIBHBIX CUCTEM

Pacuerno-rpadguyeckas padora 1.
Peanun3oBaTh Ha S3bIKE BHICOKO YPOBHSL:

1. Tubpuanyto apxutekrypyNUMA.

2. PVP- apxurekrypy.

Pacuerno-rpaduyeckas padora 2.
Opranu3oBaTh U BBIIIOJIHUTH pacyeT Ioka3aresieil
1. AccoumaTtuBHOIO MpoIEeccopa.
2. KomnseiiepHoro mpoieccopa.
3. MarpuuHoro nporeccopa.

Kpumepuu oyenku

Bun xonTpons MuHUManbHOE KOJIHNYECTBO MaxkcumanbHOEe KOJIUYECTBO
0ajIoB 0aJIoB
PacuerHo-rpaduueckas pabora 1 9 15
PacuerHo-rpaduueckas pabora 2 9 15
Hroro 18 30




MunucTtepcTBO HayKu U BeIciiero oopasosanus Poccuiickoit deaepanuu
HuxHekaMCKUl XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((usuan)
(enepanbHOro roCcyJapCTBEHHOTO OFO/I)KETHOTO 00pa30BaTEIBHOTO YUPEKICHHUS
BBICILIETO 00pa30BaHMUs
«KazaHckuii HalMOHAIBHBIN UCCIIEOBATEIbCKUN TEXHOJIOTUYECKUN YHUBEPCUTET»

®axkynpTeT UHPOPMAIIMOHHBIX TEXHOJIOTUN
Kadenpa napopmMarimoHHBIX CUCTEM M TEXHOJIOTHI
Hanpasnenue noarorosku 09.04.01 «Mudopmatrka v BEIYUCIUTENbHAS TEXHUKA»

Kommekt OK3aMCHAIITMOHHBIX TCCTOBBIX SaHaHI/Iﬁ
10 ANCHUIIJINHC ((ApXI/ITeKTypa IMapaJuICIIbHBIX BBIYHCIIUTCIIBHBIX CUCTCM)

Bapuanm 1.

1. Yem xapakTepu3yeTcsi MHOTOIIPOLIECCHOCTH (concurrency) B KOHTEKCTE MapajiebHBIX BEIUUCICHUH?
obecrieueHre MUHUMAJILHOTO BPEMEHH BBITIOIHEHHUS! O/THON TIPOrPaMMBbl

HEePBUYHOCTH MIPOITYCKHOM CIIOCOOHOCTH

He TpeOyeTcs obecreueHue MaKCHMaIbHON M30JIIUHY IIPOLIECCOB APYT OT Ipyra

obecriedeHre Kak MOXKHO 0oJiee paBHOMEPHOTO pacIpeeeHHsl PECYpPCOB MEXIY MpoLeccaMu

2. B KaKkuxX CUTyalusiX MOKET ObITh peajli30BaH UCTUHHBIN MapajyiesIi3M BIYHCICHHN?
BBIYHCIICHUS TPOoU3BOAATCA Ha DBM ¢ onHOsIIEpHBIM IpoIiecCOpoM B MHOT03a1auH0it OC
BBIYMCIICHUS TPOU3BOAATCA Ha DBM ¢ oHOsIAEpHBIM TIpolieccopoM B oHo3anadHoin OC
BBIYUCIIEHUS IPOU3BOSATCS HA MHOTOIIPOIIECCOPHOM YCTPONCTBE

JUTSL BBIYUCIICHU I TPUMEHSIETCS IPOLIECCOP, MOAACPKUBAIOIINN (PU3NUECKYI0 BEKTOPU3ALIUIO

3. Kakoii u3 pe:xuMOB BEIUHCIICHAN TTOAIEPKUBACT KIIACCHICCKUH ITOCIIeI0BATEeIbHEIN KoMIbioTep (oH Heiimana?
00paboTKa HECKOJIBKMX HHCTPYKIMH W OJMHOYHOTO 3JIEMEHTA AaHHBIX B KaXKIbIii MOMEHT BPEMEHHU

00paboTKa OJMHOYHON MHCTPYKIMH U HECKOJIBKHX MOTOKOB JaHHBIX B KaXKABIH MOMEHT BPEMEHH

00paboTKa OZJMHOYHON MHCTPYKIIUH U OJIMHOYHOTO 3JIEMEHTA JJAHHBIX B KAXKIbIH MOMEHT BPEMEHH

00paboTKa HECKOJIbKMX MHCTPYKIHMH M HECKOJILKMX MTOTOKOB IJAHHBIX B KXK/bIil MOMEHT BPEMEHH

4. CuMMETPUIHBINA MYJBTUIPOIECCOP XaPAKTEPUIYETCS

OJIHOPOJHBIM JIOCTYIIOM K IIAMSITH BCEX IPOLIECCOPHBIX YCTPONCTB

JIOCTYIIOM KaXJIOTO MTPOIECCOPHOTO YCTPOMCTBA K OTACIBHON 4acT (HU3NICCKH PACIIPEICICHHOMN MaMsITH
HEOJHOPOIHBIM JOCTYIIOM K IIAMATH BCEX MPOIECCOPHBIX YCTPOUCTB

OJTHOPOJHBIM JTOCTYIIOM YaCTH IMPOLECCOPHBIX YCTPOUCTB K YacTH OOIIel maMsaTi

5. Kakue akTopsl IPersTCTBYIOT MOJYYEHHUIO PE3YJIbTaTa ¢ 0XKHUAaeMOM TOYHOCTBIO MPU paclapauleTMBaHUH
apu(pMETHIECKNX PACUETOB?

MallIHHas Ollepanysl CJIOKEHUs YHCel He 00J1ajaeT CBOMCTBOM KOMMYTAaTHBHOCTH (TIOPSIIOK CIIOKEHUS JIBYX YHCEIT
Ba)KCH)

pacrapasule/IeHHbIE allTOPUTMBbI PEaTU3yI0TCs Ha OJJHOSIIEPHOM IIpOoLieccope

MalIvuHHasA onepanusa YMHOXKCHUS YUCCIT HE o6nauaeT CBOMCTBOM aCCOIIMAaTUBHOCTHU (Ba)KeH MOPAAOK NMEPEMHOKCHUA
TpEX Yucen)

MallIruHHAasA onepanusa YMHOXKCHUA YUCCIT 06na)1aeT CBOMCTBOM KOMMYTAaTUBHOCTH (HOpSUIOK TMEPEMHOKCHUA IBYX YU~
CeJ He BaXKeH)

6. Kakue u3 mmpeasyioxKeHHbIX cTpaTernii pacrapaiiieIMBaHus allrOPUTMa HaXOXKICHHS CPETHET0 apupMETHIECKOTO
nocaenosarensHocty U3 1000 yncen koppeKTHbI?

MIOCJIE/IOBATENILHOCT pa30nBaeTcs Ha 4 4acTH, 3JIEMEHTHI B KaXK/I01 4acTH cyMMuUpyroTcst u nensites Ha 1000 Ha oT-
JIEIbHOM IIPOLIECCOPHOM YCTPOUCTBE, MOJIYYEHHBIE 3HAUE€HUS CKIIQABIBAIOTCA HA OJHOM IIPOLIECCOPHOM YCTPOUCTBE U
Jenstes Ha 4

MIOCJIEIOBATEIFHOCTE pa30nBaeTcs Ha 4 paBHBIC YaCTH, JIEMEHTHI B K&KA0H YaCTH CYMMUPYIOTCS, TIOTydYeHHBIE 3HA-
YeHUS CKIabIBAtOTCS U femsitces Ha 1000 Ha 0JJHOM TIPOIIECCOPHOM YCTPOMCTBE

MIOCJIEIOBATEIEHOCTE pa3OrBaeTcs Ha 4 paBHBIC YaCTH, YIIEMEHTHI B KaKIOH YaCTH CyMMUpYIOTCA U nemnarcs Ha 1000
Ha OTJIEIBHOM IIPOIIECCOPHOM YCTPOMCTBE, MOTyUCHHbIE 3HAUCHUS CKIIABIBAIOTCS HA OJHOM IPOLIECCOPHOM yCTpPOIi-
CTBE



MOCJIeI0BATEILHOCT pa30MBACTCs Ha 4 PaBHBIC YaCTH, HAXOAUTCS CpeaHee apu(hMETHICCKOE KaKI0M YaCTH Ha OT-
JICIIbHOM TIPOIIECCOPHOM YCTPOMCTBE, MOJYYCHHBIC 3HAUCHHUS CKIIAABIBAIOTCS HAa OJHOM IIPOIICCCOPHOM YCTPOMCTBE M
nensirest Ha 1000

7. BeiOepuTe YCI0BUS PEATU3YEMOCTH PACTIMCAHMS [APAILIEIBHOTO aJIrOPUTMA.

Ha Ka&KIOU BBIYMCIIUTENBHOM €MHMIE BCE ONEPALIMH BBIIOJIHSIOTCS OJHA 3a APYroi

KOJIMYECTBO OTEPALMi, BHITOIHSIOIUXCS HA KaX/IOM BEIYUCIMTEILHOM YCTPONCTBE, MMOCTOSHHO

BBIYMCIIMTENBHBIE YCTPOMCTBA, BHIMOIHSIONINE PAasHBIE ONIEPAIMU, HE MOTYT OOMEHHMBATLCS HHPOPMALIUEN MEKTY CO-
Ooit

KasK/1as Onepanyst BEITIOIHIETCS He 00Jiee YeM Ha OJHOM BEIUUCIIUTEILHOM YCTPOMCTBE

8. Uto Ha3bIBaeTCs JUIMHOM KPUTHUECKOTO MYTH B Tpade, MPeACTaBISIIONIEM HEKOTOPBIN MapaieIbHbIA aJroputM?
JUTHHA MaKCUMAaJIbHOTO IIyTH B rpade

MaKCHMalbHas JUIMHA ITyTH B Tpage, COCTOSIIETO U3 OAHOTHITHBIX OTeparnit

cpenHss BbIcOTa rpada anropurMa

JuaMmeTp rpada anropuTMa, oNnpeaessIIOIINi MUHIMAJIFHO TEOPETHUECKH-BO3MOKHOE BPEMSI BBITIOJIHEHUE aNTOpPUTMa

9. Uem xapakTepHu3yeTcsl yCKOpPEHHE IapajlielIbHOTO allropuTMa?
MUHUMAJIBHOC BPEMS BBIITOJIHCHUSA IMMOCTICIOBATCIIBHOTO aJIrOprUTMa
OTHOIIEHHE KOJIMYECTBA MPOLECCOPOB K KOJINYECTBY MOTOKOB MCIIOJIHEHHS
MUHUMAJIBHOC BPEMS BBINTOJIHCHUA MMapaJIJICIIbHOTO aJlrOprUTMa

pasMEp BXOOHBIX JaHHBIX

10. Yro Takoe 3pPpeKTHBHOCTH MapaIUIeTHHOTO anropuTMa?

OTHOLICHHE YCKOPEHUS allTOPUTMA K KOJIMYECTBY TPOIIECCOPOB

NPOU3BEICHHE MUHUMAIFHOTO BPEMEHH BBINOJIHEHNUS NapaJlIeIbHOTO alTOPUTMA M KOJINYECTBA NPOLIECCOPOB
OTHOIIICHHE pa3Mepa BXOIHBIX JaHHBIX K pa3Mepy BBIXOJHBIX JAHHBIX

CyMMapHoOe BpeMs, 3aTpayrBacMoe BCEMH MPOLECCOpaMH Ha BBITIOTHEHHE alrOpHTMa

11. Beibepure BepHBIC YTBEPHKICHHS.

YCKOPEHHE MPOTPaMMBI C IOMOIIBIO apaljIeIbHbIX BEIYUCICHHH 3aBUCUT TOJIBKO OT KOJIMYECTBA BBIYUCIUTEIBHBIX
y3I10B

CyMMapHO€ BpeMs BBINOJIHEHHS MapajlieIbHON 3a1a4l HE MEHBIIIE BPEMEHH BBITIOJTHEHHUS CaMOT0 JUIMHHOTO ToCIe-
JIOBaTEJIBHOIO ()parMeHTa

B peaslbHBIX 3aJa4dax J100aBJIeHNEe HOBBIX ITPOIIECCOPOB MOXKET YBEJIMUUBATH BPEMs pacueTa

B peallbHbIX 3aJa4ax YCKOPEHHs IPOrpaMMBI C TIOMOIIBIO MTapauIeIIbHBIX BBIYNCICHUH HENb3s TOOUTHCS T0OABICHH-
€M BBIYHCIIUTEIbHBIX Y3JI0B

12. Kakue gacTu mporpaMMsl sIBISIFOTCS TTOCIIEI0OBATEIbHBIME?
YTEHHE BXOJHBIX JIAHHBIX C )KECTKOTO JANCKA

3aMMCh BBIXOJHBIX TaHHBIX HA HECKOJBKO KECTKUX TUCKOB
CHHXPOHM3AIKs B MapauIeIbHOI IporpaMme

KpUTHYECKas CEKIUs B apajlIeIbHON IIporpaMMe

13.Haiiaute coriacHo 3akoHy I'ycTaBcOHA YCKOPEHUE MACIITaOUPOBAHKSI HEKOTOPO# MapauieIbHOW MPOTrPaMMBI, €C-
JIM U3BECTHO, YTO BPEeMs MOCIIeJ0BaTeIFHON JacTH mporpamMmMbl paBHO 1000 mc, BpeMs 9acTH IporpaMMBbL, KOTOpast
MOeT OBITh pacmapaneneHa, paBHo 100 mc, komraecTBO nporeccopoB paBHO 10. OTBET OKPYTIUTE A0 IECATHIX.

14. HaiiguTe cornacHo 3akoHy I 'ycTaBcoHa ycKOpeHHe MaciiTaOMpoBaHHUs HEKOTOPOH MapajuieNIbHOM NpOrpaMMBl,
€CIIM N3BECTHO, YTO BpeMs IOCIIeI0BaTeIbHON yacTu nporpaMmsl paBHO 900 Mc, BpeMsi 4acTH IporpaMMBbl, KOTOpast
MOXeT ObITh pacnapaiesnena, paHo 300 Mc, KOnMM4ecTBO MponeccopoB paBHO 9. OTBET OKPYTIIUTE IO AECSTHIX.

14. Haiinute cormacHo 3akoHy I 'ycTaBCOHaA yCKOpeHHE MacIITaOUPOBAHUS HEKOTOPOH MapaJIeIbHOM IPOrpaMMEI,
€CIT N3BECTHO, YTO BPEeMs I10CIIeI0BaTeIbHON YacTu nporpammbl paBao 800 Mc, BpeMsi 4acTH pOrpaMMbl, KOTOpast
MOJKET ObITh pacmapaieneHa, pauo 100 mc, koamuecTBO nporeccopos pasHo 10. OTBET OKPYIIUTE A0 AECATHIX.

15. KakoBBI MPUHIMIIBI OPraHU3aINHN PACTIPEICIICHHON AMSATH C €IMHBIM aPECHBIM IMMPOCTPAHCTBOM B MYJIBTHITPOIIEC-
copHoi cucteme?

BCE a/IPECHOE MTPOCTPAHCTBO JEIUTCS Ha 00J1aCTH, COOTBETCTBYIOLINE OT/IENILHBIM Ipoieccopam. OTHAKO ecli OAUH
IpoLeccop 00paTHiICs Mo aJipecy MaMsTH JIPyroro Mporeccopa, To 0OMeH IPONU3BOUTCS € TIOMOILBIO CHENHATLHOM
npoueaypst OC

€/INHOE aIPECHOE NMPOCTPAHCTBO 03HAYAET OJMHAKOBYIO JUIsl BCEX MPOLIECCOPOB a/IPECallNI0 paclpeieIeHHOM maMsITH



€JIMHOE aIPECHOE MPOCTPAHCTBO JSIUTCS HA 00JIACTH; KaX/ast 00J1acTh 0TOOpakaeT apecHOe MPOCTPAHCTBO COOT-
BETCTBYIOIIETO Ipotieccopa. Eciii oJiH MPOIeccop UCTIOBb3YeT a/Ipec MaMsITh JPYroro Mporeccopa, To aBToMaTuye-
CKHU MHHULUUPYETCsl 0OMEH, KOTOPbIil HET HEOOXOUMOCTH MPEyCMaTPUBATh IIPOTPAMMHO

16. TlpocennTe MCIONB30BAaHNE 0a30BBIX PETUCTPOB B HEPAPXUUECKOH (CTEKOBOW) CTPYKType IpOrpaMMBl TIPH 3a/1aH-
HOM TIOPSIJIKE BJIOKEHHOCTH Tporenyp. CKoibko 0a30BBIX PErMCTPOB HCTIONB3yeTcs mpu cuete? KakoB MakcHManbHBIA
JIEKCUKOrpaMIecK1ii ypOBEHb?
MPOU30MIET NPEepBIBAaHNE U3-3a HEJOIYCTUMOCTH MTOJIOOHOM CTPYKTYPBI
MPOU30MIET MPEePBIBAHUE T10 3AL[UKIMBAHHIO
6a3oBblit peructp B1 «cMoTpuT» Ha 06nacTs akTuBanuu mpoueayps! A. Ilociie moBTOpHOTro 3amycKa peKypcHB-
HOH Ipolneypsl A Ha ee HOBYIO 00J1aCTh aKTHBAIMU OyJIeT «CMOTpeTh» 06a30Bblii peructp B2 u T.1. [Tocnen-
HUH, -1, 3aITyCcK mpoueaypsl A J0JDKEH TOBEPUIMTH ee BhiosHeHue. To ecTs, B Hell 3amyctutces npouenypa C,
Ha 00J1aCcTh aKTHBAIINU KOTOPOH OYAET «CMOTPETH» TOT ke 0a30BbIi peructp Bn. [lanee mpogomKuTes BHIION-
HEHHUE MPOLEAYPH! A MPEIbIIYIIEro 3aycka, Ha 001acTb aKTHBAIIMH KOTOPOH «CMOTPUT» 0a30BBIA pETUCTP
Bn-1. B neii 3amycturcs nporeaypa C, Ha 0051acTh aKTHBAIIH KOTOPOH OyIeT «CMOTPETh)» TOT ke OAa30BBIH pe-
THCTP U T.[

17. s maHHOTO apu()METHISCKOTO BRIPAYKEHHUS COCTABBTE IIPOTrpaMMy B Oe3aJpecHON cricTeMe KOMaH/I U JJIsl aBTOMa-
THYECKOTO pacrapauiesIMBaHus MEPEBEIUTE e B TPEXaJpecHyl0 cHCTeMy KoMaHn. JMHa crimcka cBOOOJHBIX peru-
cTpoB paBHa 6. A=(a+b)UcU(d+e). Kakora anrHa mporpaMMbl B TpexaapecHbIX koMannax? [IpuBenure TeKCT ceapMOi
KOMAaH/IbI

8 komana,+ 16 rl 12

9 xomana,Cy e rl

10 xomanm,Cu d 16

19. CKoNbKO M B KAaKMX KOMOMHAIUSIX (GUTYPUPYIOT TIOTOKH KOMAaH[ M MOTOKH JAHHBIX IIPU KIacCU(HKAIINU apXUTEK-

Typ BC?
HCTIONB3YIOTCS Bee 4 Bo3MoHbIe komOnHarmm: SISD, xapaktepusytromas Mmukpomnporneccopsr INTEL; SIMD,
xapakrepusytomas marpuunabsie BC; MISD, xapaktepusyrolias BEKTOPHbIE U BEKTOPHO-KOHBEHEPHBIE CUCTEMBI;
MIMD, xapakrepu3syroasi MyJbTUMHKPOIIPOLECCOPHBIE CUCTEMBbI
HCTOJNB3YIOTCS Bee 4 Bo3MoxkHbIe komOuHarmu: OKO/I, xapakTepu3yrolas TpaauiuOHHbIC «CKASIPHBIC) MPO-
rieccopsl; OKM/I, xapakTepusyrolias BeKTOpPHbIE, MATPUYHbIC U APYTHE MPOIECCOPI C MHOTUMHU UCTIOTHHU-
TenbHBIMU yeTpoiicTBamu; MKO/I, xapakTepusyromiasi BEKTOPHO-KOHBEHEPHBIH Cr10co0 BBITIOIHEHHUS OTIEpaLUii
WM KOHBEWepHBIH criocod BeimonHeHus nporpamm; MKM/I, xapakrepusyroias MHOToTporieccopHbie BC
ncnonbs3yrotes 4 Boamoxkusle komOuHanuu: OKO/] (SISD), xapakTepusyromiast «CKaIspHbIe)» MPOLECCOPEI;
OKM/I (SIMD), xapakTepu3yolias BEKTOpHBIE, MATPUYHBIC U BEKTOpHO-KOHBeHepHbie BC; MKO/] (MISD),
xapakTepusyroias moTokoBym (data flow) apxurextypy; MKM/I (MIMD), xapakTepu3yrolias MHOTOIIPOIIeC-
copubie BC Ha o0mieii onepaTUBHOHN TaMsATH

20. [Touemy cxema data flow oTHOCHTCS K «He-(poH-HeliMaHOBCKEMY apXUTEKTypam?
notomy uto @oH Hefiman ee He pa3padaThiBal
MOTOMY YTO OJTHO «y3KO€ MECTO» — CUETUMK KOMAaHJ] 3aMEHEHO IPYTHM «y3KUM MECTOM» — KOMMYHHUKAITH-
oHHO¥ ceTbto BC, rie npodieMy H0CTHKEHHs BBICOKOH POU3BOIUTEIBHOCTH 0OMeHa yaercsi 9pGeKTHBHO
pemuTh
U3-32 OTCYTCTBUSI CUETUMKA KOMAH/, XapaKTepHU3YIOILEro paHHUE «KJaccuyeckue» moaenu O9BM

21. Mpousseaure 060CHOBAHME TPEATIOUTHTENBLHON (POPMBI TIPEICTABIICHHUS AITOPUTMA [UTSL OTITHMH3AIAH TIPOTPAMMBI
BC, ynpasisieMoii B ka1oM TakTe. Kakum pekoMeHIamsaM HeoOX0uMoO CIIeZIoBaTh pH 00paboTke MacchBa?

HE CIIEJYeT MOJIb30BaThCs ATOPUTMAMK 00pa0OTKHU JIEMEHTOB MaCCHBA, €CITH OHH HE pacrapasiieHBaroTCs
PEYCMOTPEB OJHOBPEMEHHYIO 00paboTKy 00Jiee OJHOrO 3JIEMEHTa MAaCCHBA, CIIEAYEeT OPraHn30BaTh KOHBEHEp
9TOU 00pabOTKH

HEOOXO0IMMO MPEYCMOTPETh OJIHOBPEMEHHYI0 00paboTKy 0oJiee OHOrO 3JIEMEHTa MacCHUBa

22. JIBa mporieccopa KOMMYTAIIMH OJJHOBPEMEHHO HAYMHAIOT BBITIONIHSTH MPOTPpaMMbl B BUPTYaIbHBIX aJpecax peraro-
miero moJisi. CocTaBbTe IJIaH MPOTPAMMBI KX COBMECTHOTO BBITIOJTHEHUS TI0 TaKTaM, MPEJCTaBUB, KaK aJpeCHbIN TeHepa-
TOp TIpeaaraeT uM Qu3udeckue aapeca 0y(hepHbIX perucTpoB

1Yabv12+v1v3v23Uv2ev31+dfv12:v1Lv23Uv2kv3
1Yab(1,1)2+(1,1)(3,1)(4,1)34(4,1)e(3,1)1+df(2,1)2:(2,1)L(1,2)34(1,2)k(2,2)
1Yab(1,1)2+(1,1)(3,1)(4,1)34(4,1)e(1,2)1+df(2,1)2:(2,1)L(1,2)34(1,2)k(2,2)
1Yab(1,1)2+(1,1)(3,1)(3,1)34(4,1)e(3,1)1+df(2,1)2:(4,1)L(1,2)34(1,2)k(2,2)



23. C moMoIbio maTHaapecHoil koMauasl if-then-else coctaBbTe MporpaMMy KOMMYTAIMH ISl CUETA 3HAUECHUS BbIpa-
HKEHHUS
X = byif (d+ ¢) >a then if e >b then A else B else 0
1+dc(1,1)2VCJieb(2,1)
AB
3YCJI(1,1)a(3,1)
(2,2)0
44b(3,1)(4,1)
1VClJleb(1,1)
AB
2+dc(2,1)3YCJ1(2,1)a(3,1)
(2,2)0
44b(3,1)(4,1)
1+dc(1,1)2VCJI(1,1)a(3,1)
(2,2)0
3YClJleb(2,1)
AB
44b(3,1)(4,1)

24. Yto noHUMAeETCs MO MapauleIbHBIMU BEIYUCICHUAMHU?
25. CxeMBl MHOTOIIPOLIECCOPHBIX CUCTEM C OJJHOPOIHBIM U HEOJAHOPOIHBIM IOCTYIIOM.

26. PaccmoTtpuM 3amauy nepemHokeHus Matputl. [Iycts pasmep mepemuoxaemoit Matputsl 200x200. Ha Berancim-

o — — "
TCJIbHON CUCTEME BCC Ooll€paliur CJIOKCHUA U YMHOKCHUA BBITTOJIHAIOTCSA OJUHAKOBOC BpEMA " — 4 Hcek. JlaTeHT-

noctu cetn @ — D00 geex. [IpomyckHas CIIOCOOHOCTH CeTH B =50 MobaiiT/cex. DIeMEeHTH MaTPHIIEI IMEIOT
tun double u 3anumaror W = 8 Gaiir. Eciiu ipu pacnapasienuBaHuy HCIOIb30BaTh aroputM doxkca, yemy Oyaer
paBHa TeopeTHyeckas 3(h(HEeKTHBHOCTH NP UCIIOJIb30BaHUH 4 TIPOLIECCOPOB!

0,55

0,77

0,98

27. PaccMoTpuM 3aj1a4y NMOKMCKA PEIICHUS CUCTEMBI JIMHEHHBIX ypaBHEeHHH. [lycTh pa3Mep MaTpHIlbl CHCTEMBI JIMHEH-
HbIX ypaBHeHul 100x100. Ha BeruucinTenbHON CUCTEME BCE ONEPALlMU CIIOKEHUSI U YMHOYKEHHUS BBIIOJHSIOTCS O1U-

HaKOBOE BpeMs T — 2 ncex. Jlarenrnoctn cetn & — O Heek. [IpomyckHas cIOCOOHOCTH CeTH 3 = 500
MoGaiiT/cex. DieMeHTHI MATPHIIBI CHCTEMbI IMHEHHBIX ypaBHeHu nmeroT Tun double u 3anumarot W = 8 Gaiit. Eciin
MIPY pacnapayIeTUBaHUN aJITOPUTMA CONPSDKEHHBIX I'PaJIMEeHTOB HCIIOJIB30BANIOCH 4 MPOIIEcCcCopa, TO KaKOoe B 3TOM
CJIy4ae JOCTUTaeTCsl TEOPETUIECKOE YCKOPEHHE:!

3,1

1,5

0,3

28. Jlyin pas6uenus rpada Ha K gacteit B MeTo1e GUHAPHOTO JEIEHHS [UTS PEMICHNS 3a/1aui OTNITHMAIBHOTO pasese-
HUs TpadoB HEOOXOAUMO BBIIOIHUTE!

k-1 nenenwue rpada momogam

k/2 nenenwii rpada momosam

29. log2k menennit rpada moronam

Tormosnorust mMoHEIHN rpad ceTr KIacTepHONW BEIYUCIUTEIHHON CHCTEMBI MOJKET UMETh OTPAHUYICHHUS Ha:
OJIHOBPEMEHHOCTh BBINOTHEHUSI KOMMYHHKALIMOHHBIX ONEpaIii

MaKCHMaJIbHbIH pa3Mep cOOOILIEHHH, OTCHIIIAEMBIX IO CETH

KOJINYECTBO MPOLIECCOPOB B CETH

30. ®yHKuMS OIOKUPYIOIIETO OKHJIaHUs 3aBeplIeHus oHoro oomMena B MPI Ha3biBaeTcs:
MPI_Wait

MPI1_Waitall

MPI1_Waitone

31. Tpu cxembl pacnapauleNnBaHus AITOPUTMA OBICTPON COPTHPOBKU Pa3IMuaOTCs:
CTpaTerueil BEI0Opa BEIYIIETO AIEMEHTa
CIOCOOOM PACCHUIKH BEAYILETO 3JIEMEHTa OCTAIBHBIM ITPOLIECCOpaM


https://lindaline.ru/upload/math/14299e387b05059dba3a88d090a336cc.png
https://lindaline.ru/upload/math/dcdf975244cf3aabf814c445a61a0159.png
https://lindaline.ru/upload/math/631995d03694ce2c2f42a2da038ab73b.png
https://lindaline.ru/upload/math/14299e387b05059dba3a88d090a336cc.png
https://lindaline.ru/upload/math/082a92eb0f844eb22622f164b836e62b.png
https://lindaline.ru/upload/math/ecc96c65be67b43b9d8904d83b700b42.png

cTparerueii BbIOopa BeIyILero mpoiecca

32. lnst omipeenieHust yriia oBOpoTa B peKYPCHBHOM MHEPLIMOHHOM METOJIE JISJICHHUS MTO0JIaM TP PELICHUH 3a/1a41
ONITUMAJIFHOTO pa3JeNieHus TpagoB, UCTIONB3YETCS:

TJIaBHas HHEPLIUOHHAS OCh CETH

KkpuBble [leaHo, TOCTpOCHHBIE HA OCHOBAHHUHU CETH

LIEHTP Macc 3JIEMEHTOB CeTU

33. Iox koynexkTUBHBIMY onepanusiMu B MPI monumatrorcst:

oIepauuy rnepeAadu JaHHbIMU, B KOTOPBIX IPUHUMAIOT Y4acTUE BCE IPOLECCHI UCIIONIb3YEMOI0 KOMMYHHUKATOPA
oIepauuy HaJl TpyNIaMuy IIPOLECCOB

oIepanuy HaJl KOMMYHHKaTOpaMHu

34. B pesyibrare BBIIOJHEHHUS OZHON HTEPAMy NapalIebHOTO allrOpUTMa OBICTPOI COPTUPOBKY HCXOTHOE MHOXKE-
CTBO IIPOLIECCOPOB pa3eisieTcs Ha:

IIBa [TOIMHO)KECTBA MPOLIECCOPOB MO P/2 MPOLECCOPOB B KAXKIOM U, TAKUM 00pa30M, HCXOIHBIH N-MEpHBIA THIIEPKYD
TaKXKe OKa3bIBAaeTCs pa3/Ie]ICHHBIM Ha JiBa runepkyOa pasmeprnocta N-1

N moaIMHOKECTB IIPOLIECCOPOB H, TAKUM 00pa3oM, HCXOAHBIH N-MepHBIH THIepKy0 Takke OKa3bIBaeTCs Pa3ieIeHHBIM
Ha N runepky0OoB MeHbIIEH pa3MEpPHOCTH

JIBa TIOJMHOECTBA MPOIECCOPOB M0 P/2 MPOLECCOPOB B KAXKIOM U, TAKUM 00pa3oM, HCXOHBIH N-MepHbIil runepky6
TaK)Ke OKa3bIBACTCS pa3le/ICHHBIM Ha [Ba TUIIEpKyOa pasmeproctu N/2

35. KoMOMHATOPHBIC METOBI PEIICHHUS 3a/1a41 ONTHMAIBHOTO pa3/eiicHus rpad)oB 00bIYHO 00CCIICYHBAIOT:
Ooee cOamaHCUPOBaHHOE pa3OUeHNE U MEHbIIee HHPOPMAITHOHHOE B3aUMOICHCTBHUE ITOTyYCHHBIX ITOACETEH
MeHee cOaTaHCUpOBaHHOE pa3OueHue 1 Oombinee HHHOPMAIIOHHOE B3aNMOICHCTBIE OITYICHHBIX MTOICETeH
Oosee OBICTpOE pelIeHIe MOCTABICHHOHN 3a/1a4H

36. Oneparyst MUPOKOBEIATEIbHON PACcChIIKH JAHHBIX 3TO:

OTIepalys PacChIIIKM 3HAUCHUH BEIYIINM IIPOIECCOM BCEM OCTAJIBHBIM IPOIIECCAaM, BCE IPOLECCHI TTOTYyHalOT PacChl-
JlaeMble TaHHBIE IIETUKOM

olepalys pacChlIKH 3HaUE€HUH BEYIIUM IIPOLIECCOM BCEM OCTAIbHBIM IPOIIECCaM, BCE MPOLECCHI MOJTyYatoT YacTh
MCXOIHBIX JJAHHBIX

oIepanus pacChUIKH Pa3INYAOLINXCs 3HAYeHUH BEAYIIUM IPOLIECCOM BCEM OCTAJIBHBIM Ipolieccam

37. JIst noAICpKKU YIIOPSIIOUEHHOCTH B XOI€ BHIMIOJIHEHHS AITOPUTMa 0000IICHHO# OBICTPOI COPTHPOBKH MPOIIEC-
COPBI JOJDKHBI BBHITIOTHATE!

OTIePAIINIO CIUSHUS YacTel OJIOKOB, MOTYyYaeMBIX ITOCIIE OOMEHA TaHHBIX MEXY MPOIeCCOPaMU

OTIepalHIO pa3IesIieHus YacTeil OJI0KOB, MOTYyYaeMbIX TOCIIE CITUSHUS

OTIepalyIo BEIOOPA CPETHETO DIIEMEHTA TIOCIIE CITUSHUS YacTeH OJIOKOB

38. IIpoTrskeHHOCTH IpOon3BoAHOTO THITa B MPI 310!

pa3mep naMATu B 6aiTax, KOTOPBIM HY>KHO OTBOJIUTH I OJTHOTO 3JIEMEHTa pacCMaTpHUBAEMOro THIIA
4HCII0 OAWTOB, KOTOPBIE 3aHUMAET OJIMH DJIEMEHT JaHHBIX PACCMAaTPHBAEMOI0 THIIA

CMelIeHHe IepBoro 6aiTa 3HaU€HUI pacCMaTpUBAaEMOro THUIIA

39. H-BexTopHbIi 1 H-nHIEKCHBIN CIOCOOB! CO3AaHMs JaHHBIX OTJIHYAFOTCSl OT BEKTOPHOI'O M MHJEKCHOTO CIIOCO00B
TEeM, 4TO:

MHTEPBAJIBI MEXy OJIOKaMH 3aJal0Tcs B OaifTax, a He B JIEMEHTaX UCXOJHOTO THIA JaHHBIX

pa3pelaroT UCIOIb30BATh MOCIIEI0BATEILHOCTD DJIEMEHTOB HCXOIHOTO THIIA, MEXIY KOTOPBIMU MOTYT OBITH OIMHA-
KOBBIE IPOMEXXYTKH ITaMsITH

pasperaroT UCHoIb30BaTh pa3Hble MPOMEXYTKH ITaMsITH MEXy OJI0KaMH

40. Tomosorus tuna Top B MPI siBisieTcst 4aCTHBIM BUIOM TOIOJIOTHH THITA:
JIeKapTOBOW TOMOJIOTHH

rpaca IpOU3BOIBHOTO BHIA

MOJTHBIN Tpad

Bapuanm 2.

1. Yro npencrasisieT coboii task parallelism?

KOMOHMHAIIHS UCXOJHBIX BRIYUCICHUH B 00JIee KPYIMHYI0 KOMIIEKCHYIO 3a/1a4y

JIEKOMTIO3UITHS PEKYPCUBHON MIPOIEAYPOH UCXOAHOH 3a7a91 Ha HECKOJBKO O0JIee MEIKUX

JIEKOMTIO3UIIVS THHEHHOW TIPOIeAYPOr UCXOIHOH 3a7aui Ha HECKOJBKO O0Jiee MENKUX CIIVMSTHIE OJTHOTHITHBIX 3a/1a4 B
0oJee KPYIMHYIO ¢ MTOMOIIBI0 PEKYPCUBHOM MTPOIIEAYPHI



2. I[TpUHIAITEL TOCTPOSHUS BEIYUCIUTEIHHON CETH IS JOCTIDKEHHS apaienn3ma?
3. Yto mOHMUMAETCS 10T MHOT033aJa9HBIM PEKHMOM BBITIOJIHEHHUS HE3aBUCHMBIX YaCTeH IPOTpaMMBbI?

4. 1511 KaKuX mapajuieNbHBIX alrOpUTMOB 00paboTKa JaHHBIX IIPH PaclpeleICHHBIX BEIYUCIICHISX Ooee 3(hheKTruB-
Ha?

5. UTo noHUMaeTcs oJ CyNepKOMIbIOTEPOM?

6. Kak Ha3pIBaeTCs rpyIna KOMIBIOTEPOB, 00BEINHEHHBIX B JIOKAJTHHYIO CETh U CIIOCOOHBIX paO0OTATh B KAUCCTBE
€JIMHOTO BBIUUCIUTEIBHOTO pecypca?

7. Yo Takoe "Beowulf"?
8. Turms cucrem o kinaccupukanun OarHHA.

9. Kaxxap1id mporieccop napaiienbHOH CHCTEMBI MOXKET MCIOIB30BaTh TOJIBKO CBOIO JIOKAJIBHYIO ITAMATh, B TO BPEMS
KaK JJIs1 JOCTYTa K JIaHHBIM, PaclolaraéMbIM Ha JPYTHX MPOIeccopax, HE0OXOANMO SIBHO BBITIOTHUTH OTIEPAIMH ITe-
penaun coobmienuil. O kakoi cucteMe UACT peyb?

10. YUro noHMMAaeTcs MO/ TOMOJIOTHEl ceTH nepesauu TaHHbIX?

11. YacTHBIM ciy4aeM KaKo# TOIIOIOTHH SIBICTCS TOMOJOTHA "Tuepkyo" ?

12. B xakoM ciry4ae JBa Imporeccopa MMEI0T IPsIMOe COSIMHEHIE MEKIY COOOH B TOTIONOTHH "THITEpKYO"?
13. Uro 03Ha4aeT MOHATUE «CTOMMOCTB)»?

14. Yto o3HAYaET MOHATHE «TUAMETP»?

15. Uto 03HaYaeT MOHATHE «CBSIZHOCTHY?

16. Yro mpeacTasisieT CO00M AEKOMITO3UIHS 3a/[a4 C TOMOIIIBIO TAapaaurMbl ""pa3aesisii U BIacTByi'"?
peKypcUBHOE pa3bueHHe 3a7auu Ha 6osiee MEJIKHe TOTO ’Ke TUIIA, BIUIOTH A0 3JIEMEHTapHBIX
pa3OueHue 3aJa9u ¢ MTOMOIIBIO JIMHEHHOH MPOIeTyphI

CIASIHUE OJHOTUITHBIX 3a7a4 B OoJiee KPYIMHYIO ¢ TIOMOIIBIO PEKYPCHBHOI MPOIETYPHI

OeckoHeUHOE PeKYpCHUBHOE pa3OHeHHUE 3a1a4r Ha 00Jiee MEJIKHE TOTO JKe THIIA

17. Kakoii THT BEIYHACIIHTENBHBIX 3a/1a9 Ha3biBaeTcst embarrassingly parallel?

3aJlauM, K KOTOpbIM HE NpUMEHHUMAa Napagurma "pasnaensii u BnacTByi"”

3aJa4u ¢ OOJIBIIMM KOJIMYECTBOM BHYTPEHHHUX CBSI3ei

Tr00bIe 3aJa4H, BEIYUCICHUE KOTOPBIX MOXKET OBITh PEAIM30BaHO C IIOMOIIBIO apalIeIbHOIO alrOpUTMa
3aJa4¥ ¢ OOJIBILIMM KOJIMYECTBOM BBIUMCIUTENbHBIX 110][33/1a4, HE MMEIOIINX 3aBUCUMOCTEH MEeXy co00n

18. B kakux ciy4asix Jyisi BBIYMCICHUH IPUMEHsIETCsl KOHBelepHas o0padboTka?

JaHHBIE MOCTYNAIOT HEPEPBIBHBIM OJHOCTOPOHHUM PEryJISIPHBIM MOTOKOM

JaHHBIE MOCTYNAIOT B BUJIE HECTAOMIBHOTO ABYCTOPOHHETO MOTOKA

HaJl KQXIBIM JICMEHTOM M3 Habopa AaHHBIX HEOOXOANMO MPOU3BECTH 00OpabOTKy B HECKOJBKO CTaAUi
JIaHHBIE TIPUHUMAIOTCSI OAHAXKIBI U TPEOYIOT HHAMBHYILHOTO 110JIX0/1a K 00paboTKe 1 aHAIHU3Y

19. B kakux ciryyasix Juis BBIYACICHUH TPUMEHSETCS KOOPAWHALWS HA OCHOBE COOBITHI?

JAHHBIC TIOCTYIAIOT B BHJE PETYISPHOTO OJHOCTOPOHHETO IMOTOKA

pUMeHsIeMasl CTPYKTypa JaHHBIX XapaKTepU3yeTCsl HEMPEICKa3yeMOCThIO B3aUMOICHCTBUS MEX/TY CBOMMH COCTaB-
HBIMH YaCTSAMHU

HaJT KaXIbIM 3JIEMEHTOM K3 Habopa TaHHBIX HEOOXOIUMO IPOU3BECTH 00pabOTKY B HECKOIBKO CTAIHHA
MIPUMEHSETCS IBYCTOPOHHUH ITOTOK JaHHBIX

20. Bribepure METOABI pelICHHS C JIOKATbHBIMHU B3aMMOACHCTBHSIMU MEKIY TOA3a1a9aMU.
Mmeton ["aycca-3eitnens

Meron Red-Black

peayKuus MeTo10M "pa3fensai u BinacTByi"”

METO]l Xa0THUECKOM peyaKkcaluu



21. Yro o3Hayaer TOT HaKT, 4TO COOTHOILICHUE MEKAY BPEMEHAMH BBIYUCICHUH U CHHXPOHU3ALMN IPUOIMIKACTCS K
€JIMHHIIC B HEKOTOPOU BBIYMCIUTEILHOM cucTeMe?

BBIYUCIICHHS B 3TOH CHCTEME HeIOCTaTOYHO 3(h(heKTHBHBI

TpeOyeTcs yBEIMIEeHUE 10133024

TpeOyeTcs TOTOIHUTEIBHOE pa3zeieHre To3a1ad Ha 0oJiee MEJKIe

BBIUUCIICHHS TPOU3BOIATCS B ONTUMAIBLHOU (hOpME U HE TPEOYIOT JIOTIOTHUTEILHBIX MTPeoOpa3oBaHuit

22. B Kakux ciiy4asx JUis BBIYHCICHAI IPUMEHSASTCS IMHAMIYECKOE IUIAHUPOBaHUe ¢ 6aTaHCHPOBKOW HATPY3KH?
YHUCIIO T0/[331a4 HAMHOTO OOJIBIIE YHCIIA IIPOLIECCOPOB

KOJIMYECTBO TPOIIECCOPOB B BBIYUCIHUTEIBHOMN CHCTEME MEHSIETCS BO BPEMEHH

M0/133/1a4¥ CHJIBHO Pa3IHYal0TCs MO pa3Mepam

TpeOyeTcsi paBHOMEpHas 3arpy3Ka IIPOLeCCOPOB, HO BEIYUCIHUTEIBHAS CHCTEMA COJEPIKUT Pa3HOPOAHBIE IIPOLIECCOPHI

23. B Kakux ciy4asix sl BRIYUCICHUH MPUMEHSIETCSA CTaTHIEeCKOe INTAHUPOBaHHE C OaIlaHCHPOBKOH HATpy3Ku?
YHCIIO TT03a1ad HAMHOTO OOJIbLIE YHCIIA IPOLECCOPOB

KOJIMYECTBO TIPOLIECCOPOB B BBIYUCIHUTEIBLHOM CHCTEME MEHSETCsl BO BpEeMEHH

MEXIy IoJ3aJa4aMH BO3HHKAIOT HECTPYKTYPHPOBAHHBIC B3aUMOICHCTBHUS

TpeOyeTcs paBHOMEpHas 3arpy3Ka IpoLeCCOPOB, HO BEIYHUCIUTEIbHAS CUCTEMA COJICPIKUT Pa3HOPOHBIC MPOLECCOPHI

24. TlpousBeanuTe 000CHOBAHUE MPEATIOYTUTEIBHOM (POPMBI IPEICTABICHUS AITOPUTMA JUI ONITHUMHU3ALNH IPOTpaM-
mbl BC, yripaBnsieMoii B kaxxoM TakTe. [IpencraBbTe npeqouTUTENbHbIH psili paboYux KPUTEPUEB, IO KOTOPBIM
MPOU3BOJIUTCS BKIIIOYEHHE «TOTOBBIX» KOMaH/ B JOPMHUpPYEMOE «IIMHHOE» KOMaHIHOE CJIOBO!

BKIIIOYEHUE KOMAH/BI B COCTaB «AJIUHHOT0» KOMaHIHOTO CI0Ba OMpPEAENAeTCA NPEANOYTUTENBHBIM PAIOM KPUTEPH-
€B: MAaKCHMYyM BPEMEHH BBINTOJHEHHUS, MUHUMYM MaKCHMaJIbHOTO BPEMEHU Hayaja BHITIOJHCHUS, MAKCUMYM 00BbeMa
MOCJIEAYIONINX padoT

MIOJTHOE OTCYTCTBHE MOA00HBIX KpUTEPHEB (Ha3HAYCHUE B TIOPAIKE CIICIOBAHUS IPU aHAIIN3E TOTOKA KOMaH[) CO-
KpallaeT BpeMs TPaHCIILUH, HE MPUBOAS Ha MPAKTHKE K 3HAYUTENBHOMY CHUKEHHUIO Ka4eCTBa IPOrpaMMBbl

B OOJIBIITMHCTBE CITyYaeB 0CTATOYHO ITOJIb30BATHCS KPUTEPHEM Ha3HAUCHMS 110 MaKCUMaJIbHOMY BPEMEHH BBITIOTHE-
HUA onepanui

BKJIIOUEHUE KOMAH/Ibl B COCTAB «UIMHHOI'0» KOMaHHOIO CJI0BA ONPEAEIIAETCS IPEAIIOYTUTEIbHBIM PSAIOM KpUTEPU-
€B: MUHIMYM MaKCUMaJIbHOT'O BPEMEHH Hayalla BBITOJHEHMs, MAKCUMYM BPEMEHH BBITIOJIHEHHUS, MAKCUMYM 00beMa
MOCJICIYIONUX PaboT

25. Baman Tpexmepnbiii MmaccuB A[0:10; 0:10; 0:10]. Anpec Hayana paBeH 10 (B 1eCITUIHON CUCTEME CUMCIICHUS).
Haiinute anpec snemenra al4, 3, 4].

444

492

531

26. YBenn4yeHHe BEpIIHH:

OTHOIIIEHHE KOJIMYECTBA BEPIIMH B JIOTHUECKOH U (PU3NUECKON TOMONIOTHAX

MaKCHMaJIbHOE KOJMUYECTBO BEPIINH (PU3NUECKOM TOIOJIOTHH, Ha KOTOpble 0TOOpakaeMasi BEpIIMHA JIOTHYECKO TO-
MOJIOTUH

MaKCHMaJIbHOE KOJMUYECTBO BEPIINH JIOTUUECKOH TOIOJIOT M, KOTOPbIE OTOOPaXKaroTCs Ha OJIHY BEPLIMHY (U3HYe-
CKOH TOIIOJIOTUU

27. B cratuyeckoii cxeme nepeaayn JaHHbIX:

MOMEHTHI ¥ YYaCTHUKH MH(POPMAITHOHHOTO B3aUMOCHCTBUS (PUKCHPYIOTCS Ha 3TanaxX MPOCKTHPOBAHUS U pa3paboT-
KM MapaJulesIbHBIX IPOrpamMm

CTPYKTYypa olepaiiu nepeadu JaHHbIX ONPEeAeNsieTCsl B X0€ BBIIIOJHIEMBIX BEIYUCICHUN

B3aMMO/JICHCTBHS MOT'YT OBITh, KaK ONPEICIICHHEI HA 3TAIe MPOSKTUPOBAHMUS, TaK U OMPECIATHCS B XO/I€ BBIIOIIHE-
HHS BBIYHUCICHUN

28. Ipuem coobuienuit npu nomoriy ¢pyHkiun MPI1_Recv MoxeT ObITh OCYIIECTBIICH:

0T J1000T0 ajIpecara u ¢ JIF0OBIM TETrOM IPH YKa3aHUH CIEIHATbHBIX 3HAYCHHH B KA4eCTBE ITapaMeTPOB BHI30BA
byHKITIN

OT M00O0T0 aapecara, OJHAKO, TET COOOIICHUS JOHKEeH OBITh YKa3aH OJTHO3HAYHO

OT OZIHO3HAYHO OIIPEAEIIEMOro ajpecara ¢ 3aJaHHbIM TeroM

29. PaccmoTpuM 3aj1a4y epeMHOXKEHHSI MaTpHIbl Ha BekTop. I1ycTs pasmep nepemuoskaemoit matpuusl 100x100. Ha

. -9
BBIYHUCJIIUTCIBbHOU CUCTEME BCC onepam/m CJIOXKCHHUA U yMHO)KeHI/Iﬂ BBITIOJIHAIOTCS OAUHAKOBOC BpeMﬂ ! — & HCEK.


https://lindaline.ru/upload/math/14299e387b05059dba3a88d090a336cc.png

Jarentnoctu cetn @ — 40 ycex. [Ipomycknas criocooHocTh ceTr 60 MbaiiT/cex. JneMeHThl MaTPULIBI UMEIOT
tun double u 3anuMarotr W = 8 Gaiit. Eciu npu pacnapaiiennBaHUK HCIIOIb30BaTh PAa3/CiICHIE MATPHUIIbI Ha CTPOKH,
yeMy OyZeT paBHa TEOPETHYECKask CTONMOCTb IPH UCIIOJIB30BAHMH 2 TIPOIIECCOPOB:

200000000

01313412

221313412

30. PaccmotpuM 3amauy nepemHokeHus Matpuil. [1ycts pasmep nmepemuoxaemoit Matpuiipl 100x100. Ha Bramciu-

TEIBHOM CHCTEME BCE OTIEPAITMH CIIOKEHHS M YMHOKEHHS BBITIOIHSOTCS OJNHAKOBOE BpeMsi T — 2 ncex. Jlatent-
, — F F=05 N

noctn cetn @ — D00 yeex. IIponyckHas ClIOCOOHOCTH CETH B =50 MoaiiT/cex. DIeMEHThI MaTPHIIEI UMEIOT

tun double u B cucteme 3anumaroT W = 8 6aiit. Eciu npu pacnapauieIMBaHIU HCIIONB30BaTh anroput™ KenHowa,
yeMy OyZeT paBHO TEOPETHIECKOE YCKOPEHHUE NP UCIIONB30BAaHUH 4 MPOLIECCOPOB:

2,5

15

1,17

31. PaccMoTpuM 3aj1a4y MOKMCKA PEIICHUS] CUCTEMBI JIMHEHHBIX ypaBHEHHH. PasMep MaTpuIibl CHCTEMbI IMHEHHBIX
ypaBHeHu# 10x10. Ha BeIuncnuTensHOI cucteMe Bce oneparuy CIOKEHHs 1 YMHOXKEHHUS BBINTOIHSIIOTCS OIMHAKOBOE

Bpemst T — 2 neex. Jarentroctn cetn & = DU geex. IIponyckHasi cmOCOOHOCTh CETH 3 =60 Moaiit/cek. Dme-
MEHTBI MaTPHIIBI CHCTEMBI JINHEHHBIX ypaBHeHui numerot Tin double u B cucteme 3annmaror W = 8 Gaiit. Eciti ipu
pacrapauieIMBaHuy AIropuTMa [ayca HCrmoabp30Baiock 4 Mpoleccopa, TO Kakasi B 9TOM CIIydae JOCTHIaeTCs Teope-
THYECKast CTONMOCTH MapajuIeIbHOTO AITOPUTMA:

1387870

2102751

1453075

32. B xyauem citydae TpyI0eMKOCTb ObICTPOH COPTHPOBKH OLICHUBAETCS BBIPAYKEHUEM:!
FFY 2

1 ~n”

1~ nlogan

FF 1 2

T ro ?11.2..:-

33. Kakast n3 npuBeICHHBIX B JIEKIIMU TOIIOJIOTHH (IIPH OJIMHAKOBOM KOJIMUECTBE MTPOIIECCOPOB) 00J1alaeT HANMEHb-
1€l CTOMMOCTBIO:

TOTIOJIOTUS TTOJTHOE ABOMYHOE JIEPEBO

TOTIOJIOTUS IByMEPHBIH penieTka-Top

TOTIOJIOT WS TIOJHBIH Tpad

34. 3anaya paz/eneHus BEIMUCIUTENLHOM CETH, Ha KOTOPYIO pa30uBaeTcst 001acTh 00pabaThIBAEMBIX AaHHBIX, MEXIY
IpOoLECCOPaMU MOXKET OBbITh CBEJICHA:

K Ipo0JieMe ONTHUMAIILHOTO pa3JielieHus rpada

K 3a/1a4e IOMCKa BCEX KpaTyallnux MmyTen

K 3aJjaue HaX0XKJICHUsI MUHIMAaJIBHOTO OXBaTHIBAIOIIETO JiepeBa

35. Kakue 1oCcTOMHCTBA M HEOCTATKH UMEET AaCHHXPOHHBIA MEXaHH3M IIepeaddl COOOIIeHM?
ACHHXPOHHBIC MEXaHU3MBI IIepeiadn, KaKk MPaBUIIO, MOTYT MepeaaTs OOJbIINE CTPYKTYPhI JaHHBIX ObICTpee
HEOJOKHPYIOIIHNE OIEPAIH MOTYT O3BOJIHUTH COBMECTHTH IPOIIECCHI TIEPEIavX JaHHBIX U BEIYUCICHHUN
ACHMHXPOHHBIC MEXaHU3MBI TIepeiadrl 0OBIYHO TPUBOIAT K IMTOBBIIICHUIO CIIOKHOCTH MPOTPAMMHPOBAHUS

36. TToMHMO BBITIOJTHEHHUS IKCIIEPUMEHTOB B PSKUME UMHUTAINH, B cucTeMe ITapaJlab mpeaycMoTpeHa BO3MOKHOCTh
MPOBEJCHUS PEATbHBIX IKCIIEPUMEHTOB B PEXKUME YAAICHHOIO JIOCTYIA K BEIYMCIUTENbHOMY KiacTepy. Kakue Bo3-
MOXHBI OIE€paIMH MOCJIE BHIOIHEHUS PEAIbHBIX apaJlJIeIbHBIX BHIYUCICHUI:

CPaBHUTD PE3YJbTAThI U OLICHUTHh TOYHOCTh UCIIOJIb3yEMbIX B CHCTEME TEOPETUUECKUX MOJIeJIei BpEMEHHU BBITIOJIHE-
HUS MapajuiesIbHbIX aJITOPUTMOB

OCYLIECTBUTh HACTPOMKY IapaMETPOB yJIaJIEHHOT'O KiacTepa

HACTPOUTH MapaMeTPhl MOJIENICH, UCTIONB3YeMBIX B cucteMe [lapallad

37. HYCTL B pemaeMoi/i 3aJa4e nocjacaoBaTejbHasA 4aCTb COCTABIACT YCThIPE CIMHUIIBI BDEMEHH, 4 4aCTh, JOIIYyCKa-
omasa JIMHEHHOE pacnapauieIMBaHue, MeCTb €AUHULIBI BDEMEHU. Ecnu ucnonb3oBaTh 3aK0H AMHaJ’IH, KakKas gocrura-
C€TCA 3(1)(1)€KTI/IBHOCTL, €CJIM UCIOJIB3YHOTCA TPHU BBIYUCIUTCIbHBIX 2JICMCHTA:

1/5

7/6


https://lindaline.ru/upload/math/27ccb3d53cef887c68bd4a13824d8f79.png
https://lindaline.ru/upload/math/14299e387b05059dba3a88d090a336cc.png
https://lindaline.ru/upload/math/dcdf975244cf3aabf814c445a61a0159.png
https://lindaline.ru/upload/math/631995d03694ce2c2f42a2da038ab73b.png
https://lindaline.ru/upload/math/14299e387b05059dba3a88d090a336cc.png
https://lindaline.ru/upload/math/1c506c61f1cbaa9cba689f9d5a49bc6e.png
https://lindaline.ru/upload/math/e7599f9259f8cf84a7536109df262302.png
https://lindaline.ru/upload/math/392e588482ea6aa4a11f5fb0fc73af7e.png
https://lindaline.ru/upload/math/a03c1cccf7312377bf9600f0c0bc8c13.png
https://lindaline.ru/upload/math/fef7a6ce13baf3905c121b177bb6f330.png
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38. Cocennyie BepLIIMHbI B KOJIBLEBOH TOMOJIOIHH 0TOOpaxatoTcs koxoM ['pest:

Ha COCEIHHE MPOLECCOPHI B THIIEPKYyOe

MIPOIIECCOPHI, HAXOIIIHECS HA PACCTOSHUN He Oojiee 4eM 2 eIMHUIIEI B THIIEPKyOe
Ha COCEIHHE IPOLECCOPHI B TOPE

39. Dran pacnpeneneHus Moa3a1a4 MeX /1y IPOLEcCOpaMy SBIISETCS H30BITOYHBIM, €CITH:

KOJIMYECTBO 1107133124 COBIA/IaeT C YHCIOM UMEIOIINXCS TMPOIIECCOPOB, a TOMOJIOTHS CETH Nepe/lauyl JaHHBIX Ipei-
CTaBIIsACT COOOM MOHBIH rpad

KOJIMYECTBO 0/13a1a4 OOJIBIIE YMCIIa UMEIOLIHNXCS TIPOLIECCOPOB, a TOIIOJIOTHS CETH Nepelad JaHHBIX IPEICTaBISIET
co0oit nosHeIi rpad

KOJIMYECTBO M0/133]1a4 COBIMA/IAET C YMCIOM UMEIOIINXCS MPOIECCOPOB, & TOMOJIOTHs CETH Mepelaud JaHHBIX pe/i-
CTaBISET COOOU THIIEPKYD

40. PexxuM miepeadu o TOTOBHOCTH MOKET OBITh HCIIOIB30BAH TOIBKO €CITH:

oreparys mpremMa cooOIIeHHs y)Ke UHAILIMUPOBaHA

IIPH JIOCTaTOYHOM MaJlOM pasMepe COOOIICHMs, MEHEE pa3Mepa CHCTEMHOT0 Oydepa

orepanus IpueMa CooOIICHUs TapaHTHPOBAHHO OY/ICT 3aIyICHa M03{HCC MOMCHTA Havaja Mepeaayd COOOICHHS

Kpumepuu oyenku

Bun xouTpons MuHuManbHOE KOJINYECTBO MaxkcumainbHO€E KOJIUYECTBO
OajuIoB OajuIoB

DK3aMeH 24 40
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