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Ilepeuens Komnemenyuit U UHOUKAMOPOE OOCMUNCEHUA KOMREMEHYUIL ¢ YKA3AHUEeM IMaAnoe hopmuposanus é npo-
yecce 0C60EHUA OUCUUNTIUHDL

OIIK-2Cnocoben pa3zpabaTbiBaTh OPUTHHAIBHBIE AITOPUTMBI U IPOTPAMMHBIE CPEJICTBA, B TOM YUCJIE C UCIIOJIb30BAHUEM
COBPEMEHHBIX MHTEJUIEKTYaIbHBIX TEXHOJOTUH, 111 peLIeHHsI MPOPECCUOHANBHBIX 3a/1ay;

OIIK-2.1 3HaeT COBPEMEHHbIE NH(OPMALIMOHHO- KOMMYHUKAIIMOHHBIE U UHTEJUIEKTYaIbHbIE TEXHOJIOTUH, UHCTPYMEH-
TaJbHBIE CPEJIbI, MPOrPAMMHO-TEXHUYECKUE TUIAT(HOPMBI JJIs peiieHus] NpopeCCUOHATBHBIX 3a1a4

OIIK-2.2 YMmeeT 000CHOBBIBaTh BHIOOP COBPEMEHHBIX MH(POPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX U HHTEIIEKTYaTbHBIX
TEXHOJIOTHH, pa3pabaThiBaTh OPUTHHAIBHBIE IPOTPAMMHbBIE CPECTBA TSl pEeLICHHs MPO(PECCHOHANBHBIX 3a/1a4

OIIK-2.3 Brnaneet HaBbikaMu pa3paOOTKH OpUTHHAIBHBIX TPOTPAMMHBIX CPEJICTB, B TOM YHCJIE C UCTIOIb30BAHUEM CO-
BPEMEHHBIX MH(POPMAILIMOHHO-KOMMYHHUKAIIMOHHBIX U MHTEIUIEKTYaIbHBIX TEXHOJOTUH, IJIs1 pelIeHHs MPO(EeCCUOHANbHBIX 3a/1a4

OIIK-5 Criocob6en pa3pabdaThiBaTh U MOJIEPHU3UPOBATH MIPOTPAMMHOE H aIlllapaTHOE oO0ecnedeHrne HHPOPMAITMOHHBIX U aB-
TOMaTU3UPOBAHHBIX CHCTEM;

OIIK-5.1 3HaeT COBPEMEHHOE MPOrpaMMHOE U anmnapaTHoe o0ecnieueHne HHPOPMalMOHHbBIX U aBTOMAaTU3UPOBAHHBIX
CUCTEM

OIIK-5.2 YMeeT MOAepHU3UPOBATh MPOrPAMMHOE U anmapaTHOe o0ecneueHne THPOPMAIMOHHBIX U aBTOMATU3UPOBaH-
HBIX CHCTEM IS PEeIIeHUs TPO(EeCCHOHANIBHBIX 3a]a4

OIIK-5.3 Brnaneer HaBbIkaMu pa3paOOTKH IPOrPaMMHOTIO U allapaTHOro o0ecneyeHns HH(POPMALMOHHBIX U aBTOMATH-
3UPOBAHHBIX CUCTEM JJISl pELIEHUS MPOPECCUOHATBHBIX 3a/1a4

OIIK-6 Cniocoben pa3zpabaTbiBaTh KOMIIOHEHTHI TPOrPaMMHO-AIMAPATHBIX KOMILIEKCOB 00padoTKH HH(OpMAIMK U aBTOMA-
TU3UPOBAHHOTO IPOEKTUPOBAHUS;

OIIK-6.1 3HaeT anmapaTHbIe CPeICTBA U MIIATHOPMBI HHPPACTPYKTYPhl HHPOPMAIIMOHHBIX TEXHOJIOTHA, BU/IbI, HA3HA-
YeHHE, apXUTEKTYPY, METO/Ibl pa3pabOTKU U aJIMUHUCTPUPOBAHHSI POTPAMMHO-ANNAapaTHRIX KOMIIEKCOB 00BeKTa podeccuo-
HaJIbHOU JI€ATEIIBHOCTH

OIIK-6.2 YMeeT aHaTu3upOBaTh TEXHUUECKOE 3a/I1aHNE, pa3padaThiBaTh U ONTUMU3HPOBATH MMPOTPAMMHBIN KO JIJIS pe-
HIeHUS 3a/1a4 00paboTKH MH(OPMAIK U aBTOMATU3UPOBAHHOTO MPOESKTUPOBAHUS

OIIK-6.3 Brnazneer HaBbIKaMu COCTaBJIEHMSI TEXHUUECKOHN JTOKYMEHTALMH 10 UCTIOIb30BAaHUIO U HACTPOMKE KOMIIOHEH-
TOB MPOTPaMMHO-ANNAPaTHOTO KOMILJIEKCa



HNuaukaropsl 10-

Jranbl (OpMHUPOBAHUSA B MPOLIECCE OCBOCHHS M CHUIIUHbBI

CTHIKEeHUsI KOMIIe- Jlexuun IIpakTuyeckue JlaGopaTopHbie KypcoBoii npoekTt HauMmeHoBaHHe olle-
TEeHUHHU 3aHATHUSA 3aHATHSA (padora) HOYHOTO CPeACTBA
OIlIK-2.1 Pasnensr nuc- | He npenycMotpeH | Paznensr nucuumiuiussl | He npexycmorpen PacuerHo-rpaduueckue

IUTITAHEIL 1-4. | y9eOHBIM TUTaHOM 2-4. y4eOHBIM TIJIAHOM paboThl, TabopaTopHbIC

paboThI, DK3aMEH
OIlK-2.2 Paznensr nmuc- | He npenycMoTpeH | Pazaensl  THCHUIIIMHBI He npenycmotpen PacuetHo-rpaduueckue
IUIUTHHBL 1-4. | yd4eOHBIM IIaHOM 2-4. y4eOHBIM TUTAHOM paboTsI, 1ab0paTOpHBIE

paboThl, DK3aMEeH
OIIK-2.3 Paspensr  nuc- | He npeaycMoTpeH | Pazgensl  qucHuIuinHbl He mpenycmorpen PacuerHo-rpaduueckue
IUTIIAHEIL 1-4. | y9eOHBIM TUTaHOM 2-4. y4eOHBIM TIJIAHOM paboThl, TabopaTopHbIC

paboThI, PK3aMEH
OIlK-5.1 Pazgensr  nmuc- | He npeaycMoTpeH | Pa3gensl  AuUCIIUTUIMHBI He mpenycmotpen PacuetHo-rpaduueckue
IUTUTHHBL 1-4. | yd4eOHBIM IIaHOM 2-4. y4eOHBIM TTAHOM paboTsl, 1ab0paTOpHBIE

paboThl, DK3aMEeH
OIIK-5.2 Pasnensr nuc- | He npenycmotpeH | Paznensr nucuummuiussl | He npepycmorpen PacuerHo-rpaduueckue
IUTITAHEL 1-4. | y4eOHBIM TUTaHOM 2-4. y4eOHBIM TIJIAHOM paboThl, TabopaTopHbIC

paboThI, PK3aMEH
OIlK-5.3 Pazgenst  nmuc- | He npeaycMoTpeH | Paszgensl  AuCIIUTUIMHBI He mpenycmotpen PacuetHo-rpaduueckue
IUTUTHHBL 1-4. | yd4eOHBIM IIaHOM 2-4. y4eOHBIM TTAHOM paboTsI, 1ab0paTOpHBIE

paboThl, DK3aMEeH
OIIK-6.1 Pasnensr nmuc- | He npenycmotpeH | Paznensr nucuummuiussl | He npexycmorpen PacuerHo-rpaduueckue
IUTITAHEL 1-4. | y9eOHBIM TUTaHOM 2-4. y4eOHBIM TIJIAHOM paboThl, TabopaTopHbIC

paboThI, DK3aMEH
OIIK-6.2 Pasnensr nmuc- | He npenycMotpeH | Paznensr nucuummuimssl | He npexycmorpen PacuerHo-rpaduueckue
IUTITAHEL 1-4. | y9eOHBIM TUTaHOM 2-4. y4eOHBIM TIJIAHOM paboThl, TabopaTopHbIC

paboThI, DK3aMEH
OIlK-6.3 Paznensr  nmuc- | He npenycMoTpeH | Pazaensl  IHCHUIIIIAHBI He npenycmotpen Pacuetno-rpaduueckue
IUTUTHHBL 1-4. | yd4eOHBIM IIaHOM 2-4. y4eOHBIM TUTAHOM paboTsl, 1ab0paTOpHBIE

paboThl, DK3aMEeH




Hepeuenb OUECHOUYHbIX cpedcme no 0ucuunﬂuue

OueHovHbIE CpeaACTBA Koa-Bo Min, 6a/u10B Max, 6a/10B
(0a30BbIil YPOBEHDb) (MoBBILLIEHHBIH YPO-
BEHb)
JlabopaTopnbie pabOThI 3 18 30
PacuerHo-rpaduueckue pa- 2 18 30
00TBI
DK3aMeH 1 24 40
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87 -100

OTiauuHO

O11eHKa «OTJIMYHOY» BBHICTABIISACTCS CTYACHTY, €CJIH TCOPETUICCKOC COACPIKAHUC KypCa OCBOCHO MOJHOCTLIO, 0e3 npo-
6CJ'IOB; HCYCPIIBbIBAIOIIC, TTOCIICAOBATCIIBHO, YCTKO U JIOTUYCCKHU CTpOﬁHO n3j1araCT MaTcpual; CBO6OI[H0 CIHPAaBJIACTCA C
3aga4aMu, BOIIpoCaMu U JPYyIruMH BUJaMU ITPUMCHCHUA 3HaHI/II71; HCIIOJIB3YET B OTBETC JIOTIOJTHUTEILHBIN Marepuall BCC
npEaAyCMOTPCHHEBIC HpOFpaMMOﬁ 3aJJaHHs BBITIOJITHCHBI, KAYCCTBO UX BBIIIOJTHCHUA OLICHCHO YHUCIIOM 6aJIJIOB, OJIM3KUM K
MAaKCUMAJIbHOMY; aHAJIM3UPYCT NOJYYCHHBIC PE3YJILTATLI, ITIPOABIIACT CAMOCTOATCIILHOCTL IPH BBLIITOJIHCHUN 3aJJaHui

74 - 86

Xoporio (

Or1eHKa «XOPOIIIO» BBICTABIICTCS CTYACHTY, €CIIM TEOPETHYECKOE COJIEPIKaHUE Kypca OCBOCHO MOJIHOCTBIO, HE00XO-
JIIMBIE MTPAKTUYECKUE KOMIIETCHIINK B OCHOBHOM c(hOPMHPOBAHBI, BCE MPEAYCMOTPEHHBIC IPOrPaMMON 00yIeHHUSI
y4eOHbIe 33J]aHHs BBITIOHEHBI, KAYECTBO UX BBHITIOHEHUS JIOCTATOYHO BbhIcOKoe. CTYACHT TBEP/IO 3HAECT MaTepHall,

TPaMOTHO M MO CYIIECTBY U3JaraeT ero, He 0MycKas CYIIECTBEHHBIX HETOUHOCTEH B OTBETE HA BOIPOC.

60-73

Y noBieTBO-
PHUTEITHHO

OreHKa «yIOBIETBOPUTEIHHOY BBICTABIISETCS CTYIEHTY, €CITH TEOPETUIECKOE COAepKaHNe Kypca OCBOCHO YaCTUIHO,
HO TIPOOEIBI He HOCAT CYIIECTBEHHOTO XapaKTepa, OOIBIINHCTBO MPETyCMOTPEHHBIX MPOTPAMMO 3a1aHUi BBITIOTHE-
HO, HO B HUX UMEIOTCS OITMOKH, TIPY OTBETE HA IMOCTABJICHHBIN BOIIPOC CTYACHT JOIMYCKAeT HETOYHOCTH, HEJTIOCTATOYHO
MPaBWILHBIC (HOPMYIUPOBKH, HAOTIOAAOTCS HAPYIICHUS JIOTHYSCKON TTOCIIEIOBATEILHOCTH B U3JI0KCHUN TIPOTPaMM-
HOTO MaTepuaa.

Hwuxe 60

Heynosnerso-
PpUTETBHO

OHCHKa «CHCYOOBJICTBOPUTCIIBHO» BBICTABIACTCA CTYACHTY, €CJIM OH HE 3HACT 3HAYUTEILHON 9acTH ImporpaMMHOTO Ma-
TCpHajia, 1OIYCKACT CYIICCTBCHHLIC OH.II/I6KI/I, HCYBCPCHHO, C OOIBIINMU 3aTPYAHCHUSAMMU BBINIOJIHACT MPAKTUYCCKUC
pa6OTI>I, HCO6XOI[I/IMBIC MPAKTUYICCKUC KOMIICTCHIIUN HE C(l)OpMI/IpOBaHLI, OOJIBIINHCTBO npeayCMOTPCHHBIX MTpOrpamM-
MOt O6y‘IeHI/IH y‘IC6HBIX 3aJlaHui He BBITIIOJIHCHO, KaYCCTBO X BBINTOJITHCHHUA OLICHCHO YHCJIOM 6ann013, OJIM3KUM K MH-

HUMAJIbHOMY




KpaTkasi xapakTepucTiHKa OlleHOYHBIX CPeACTBA

Ne | Haumenosanue| Kpamkasa xapakmepucmuka oyenounozo | Ilpeocmaenenue
n/n| OWEeHOUHO20 cpeocmea OUEHOUHO020 Ccpeo-
cpeocmea cmea 6 ponoe
1 2 3 4
1. |JlabopatopHas |DTo BuA y4eOHON pabOTHI, 1ebl0 KOTOpoi| Tembr mabopaTop-
pabora SBISIETCSl U3y4deHue (MCCieoBanne, u3Mepe-|HbIX paboT, KOH-
HHUE) XapaKTEPUCTUK JaOOPaTOPHOrO OOBEK-|TPOJIbHBIE BOIPO-
Ta. ChI [10 TEME
[lens nabopaTOpHBIX 3aHATHI: OCBOEHHUE|Ta0OpaTOPHOM pa-
n3y4yaemMoil yueOHON NUCHMIUIMHBL; TPpUoOpe-|00ThI, BOIPOCHI K
TE€HHE HABBIKOB MPAKTUYECKOTO MPUMEHEHUSI|KONIOKBUYMY
3HAHUN Y4EOHOM MMCIUIUIMHBI (JIUCITUTIINH)
C HCMOJB30BAHMEM TEXHUYECKUX CPEACTB U
(unu) 06opyI0BaHUS
2. |PacuetHo- CpencTBo NMpoBepKH YMEHUN NMpUMEHsTh no-|Kommiekr — 3azda-
rpaduueckasi  |Jdy4yeHHbIE 3HAHUS IO 3apaHee ONPeeICHHON [HUM 1Ji BBIMOJIHE-
pabora METOMKE NJIsl PEILICHUs 3a/lay WM 3aJlaHuM HUS pacyeTHO-
10 MOJTYJIIO W JUCHUIUIMHE B I[EJIOM. rpadguueckoii  pa-
00THI
3. |9x3ameH Cucrema CTaHAAPTU3MPOBAHHBIX 3aJaHui, POHA  TECTOBBIX

II03BOJIAIOIAs aBTOMATU3UPOBATH IPOLIENAYPY
U3MEPEHHsI YPOBHS 3HAHUN U yMEHHUH 00y-
YaroLErocs.

3aJIaHUN




MunmncTepcTBO HayKu U Bbiciiero oopasosanus Poccuiickoit denepannu
HuxHexkaMCKUil XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((pusman)
(benepaabHOro rocy1apCTBEHHOIO OIOPKETHOTO 00pa30BaATEIBHOIO YUPEXKICHUS
BbICILIET0 00pa30BaHMs
«KazaHcknii HaMOHATIBHBINA UCCIIE0BATEILCKUNA TEXHOIOIMUECKUI YHUBEPCUTET

®daxynpTeT UHPOPMALIMOHHBIX TEXHOJIOTUN
Kadenpa napopManimoHHBIX CUCTEM U TEXHOJIOTUI
Hanpasnenue noarorosku 09.04.01 «Mudopmatrka 1 BBIYUCTUTENbHAS TEXHUKA

VY4eOHbIM TUTaHOM 10 HamnpasieHuio nmoarotoku 09.04.01 «Mudbopmatuka u
BBIUHCIUTENIbHAS TEXHUKA» AJIs1 00yUYaoIUXCsl MPEAYCMOTPEHO MPOBEIECHUE J1ab0-
paTOpHBIX pabOT MO AUCIMILIUHE «APXUTEKTYpa MapayiebHbIX BIYACIUTEIbHBIX
CUCTEM.

Jabopamopnas paboma 1
[MapannensHOE TPOrpaMMUPOBAHKE JJIsl CHCTEM C OOIIEH MaMsAThIOC UCIIOIb30BaHUuEeM TexHoorun OpenMP.

Lean pagoThi: —M3y4uTh TexHoJoruio OpenMP 1 ocHOBBI pa3paGoTKu NapajlielibHBIX MPOrpaMM JJIs
MHOT'OSI/IEPHBIX MPOLECCOPOB, HAMKMCATH H OTJAAUTh Ha si3bike C MapajuieJibHYI0 MPOrpamMMy /UIsl pelleHust
MOCTAaBJIEHHOH 3a1a4U Ha CHCTeMe ¢ 001Ieli MaMsAThIO.

1.1. OcHoBHEIe cBeneHust 00 OpenMP

Texunosorus OpenMP [10, 11] B HacTOsIIEee BpeMs SIBJISIETCS. OJJHAM M3 HanOoJiee TOMYJISIPHBIX CPEJICTB I1a-
paJUICNIBHOTO NTPOTPaMMHUPOBAHHMS JUISI KOMITBIOTEPOB € O0IIeH MaMsaThio, Oa3upyronielcsl Ha TPaAULIHOHHBIX MOCiIe-
JIOBATCIILHBIX SI3BIKAX IMPOTPAMMHUPOBAHUS U HCIIOJIB30BAHUU CICIUATBHBIX KOMMEHTApUCB. 32 OCHOBY OepéTcs mo-
clle/oBaTeNIbHAsl MpOrpaMMa, a sl CO3JaHusl e€ NapajulebHONH BEpCHH MOJIB30BATENIO IPENOCTaBIsIeTCsT Habop
JTUPEKTHB, GYHKIUKA U TIepeMEeHHBIX oKpyxkeHus. TexHonorus OpenMP HareneHa Ha TO, 9TOOBI OJIB30BATENb UMEI
OIIMH W TOT K€ BapHaHT MPOTPaMMBI KaK Ui MapajuIeIbHOTO, TaK M JJIS TTOCIEI0BATEIHHOTO PEKUMA BBITIOTHEHHS.
[Tapamnemzm B OpenMP peanu3zyercs ¢ MOMOIIBI0 MHOTOITOTOYHOCTH. [IpH 3amycke mporpaMMbl CO3/IAeTCs €IUH-
CTBEHHBIH «TJIABHBIN» (master) MOTOK, KOTOPBIN 3aTeM co3aeT Habop «IMOMIYMHEHHBIX» (slave) MOTOKOB, U BBIYHCIIC-
HUS PacIIpeneNssioTCs MeXIy BCceMH MoTokaMu. IIpenmomaraercsi, 9T0 MOTOKH BBIIONHSAIOTCS MapajuieIbHO Ha Ma-
IMHE ¢ HECKOJILKUMH IPOIecCoOpaMu (Sapamu), MpUUEM KOJMIECTBO TMPOIECCOPOB/sAaep HE 00A3aTENBHO TOJDKHO
OBITH OOJIBIIIC WM PABHO KOJIMYECTBY MOTOKOB. J[pyriMu cIOBaMU, MOTOKU MAPaJUICIEHON MPOrpaMMbl MOTYT OOBIY-
HBIM 00pa3oM KOHKYpHUPOBATh MEXIY COOOM 3a BpeMsl Ipolieccopa/sapa.

BaxxubiM gocTonHCcTBOM TexHoJoruu OpenMP sBisieTcss BO3MOXKHOCTb pealiu3alliid TaK Ha3bIBA€MOro WH-
KPEMEHTAJIFHOTO MTPOTPaMMHPOBAHUS, KOTAA MPOrPAaMMHUCT MTOCTEIICHHO HAXOAUT YYAaCTKH B IPOTpaMMe, COoAeprka-
e pecypc Mapauies3Ma, ¢ MOMOIIBI0 IIPEIOCTABIIEMBIX MEXaHU3MOB JIefIaeT MX MapauleIbHBIMH, a 3aTeM Iepe-
XOJHT K aHAJIHM3Y CIEeTYIONINX yJacTKoB. Takum o0pazoMm, pacrapauieIeHHbIe YYaCTKH ITOCTEIIEHHO OXBATHIBAIOT BCE
0OJBIIYI0 YacTh MPOTPAMMBL. DTOT MOAXO 3HAYUTEIHHO OOJEerdaeT MpoIece aJalTallii MOCIeNOBaTEIFHBIX MPO-
rpaMM K MapauieIbHbIM KOMIBIOTEPaM, a TAKXKE OTIAJKY ¥ ONTUMHU3AIMIO IPOTPaAMM.

Mogens UCHONHEHHs MapajulelIbHON NpOorpaMMbl, HMOATOTOBIEHHOM ¢ momouibto TexHonorun OpenMP,
MOKHO C(OPMYIUPOBATH CICAYIONIM 00pa3oM:

- [Iporpamma cofepUT HaOOp MOCTEIOBATEILHBIX U TapauUIeIbHBIX 00IacTel (MU CEKINI WITH PETHOHOB).

- B HayabHBI MOMEHT BPEMEHHU CO3/1a€TCsl TJIABHBIA MOTOK, BHITIONHSAIOIINI BIIOCIEACTBUU BCE MOCIIEI0BA-
TeJIbHBIC 00JaCTH TTPOTPAMMBI.

- [Ipu BXOJ€E B MapauiedbHyI0 001aCcTh TIIABHBIM TTOTOKOM BEITIOHsETCS omeparus fork, moposknarorast co-
BOKYITHOCTh TIOAYMHECHHBIX OTOKOB. KaXkplii IOTOK MMEET CBOI YHUKAJIBLHBIN YHACIOBOW UACHTUPHUKATOD (TJTABHOMY
notoky cootBercTByeT 0). [Ipn pacnapasienvBaHuy [UKIOB BCE MapaJUICIbHBIC IOTOKU MCIOIHSIOT OJUH U TOT XKE



KO, HO C pa3HbIMU JaHHBIMU. B 06HICM ClIy4a€ MMOTOKU MOTYT UCHIOJIHATH pa3JIMIHbIC (I)pal"MeHTI)I Koza.
MNOJIHEHUE BCCX MMOTOKOB, KPOME I'JIaBHOTO.

- [Ipu BBIXOJEC W3 MapauIeIbHOIN 00IaCTH BCEMU MMOTOKAMH BBIMOJIHACTCS OMEPANus join. 3aBepiiaeTcs BbI-
MeHH (KAK IpaBuiio, 3To 00Jiee COOTBETCTBYET PEaTbHOM KapTHHE).

Ha puc. 1. mporuiocTpupoBaHo co3/1aHHUE M UCIIOJIHEHUE JIBYX MapauiebHbIX oOnacteil. B nepBoii obmactu
BCE MOTOKU MPUXOJSAT K MOMEHTY BBIXOJa U3 Hee IMPAaKTUUECKU OJHOBPEMEHHO, BO BTOPOIl — B pa3HbIC MOMEHTHI Bpe-
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Puc. 1. Coznanue qByX napajyieabHbIX peTHOHOB
puc. 2.

OOBIYHO JIOITYyCKAETCsl BO3MOXKHOCTH 00pa30BaHUs BIOKCHHBIX MapajUIebHBIX 00JacTel, KOria MOTOK, CO-
3IaHHBIA KaK JOTIOHHUTEIbHBIH, CTAHOBUTCS master-moTOKOM il HOBOW MapalljielbHOM 00JIacTH, Kak TMOKa3aHo Ha
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Puc. 2. Coz0anue 61024ceHHbIX RAPATTETLHBIX PECUOHO8

IMox OpenMP moHMMaeTCsI COBOKYIHOCTB CIIEIYIOMIIX KOMIIOHEHT:



- JIUpEeKTHBBI KOMIMISATOPA — HCIOJIB3YIOTCS IJIsl CO3IaHUsI TOTOKOB, paclpelesieHus: paboThl MEXIY IMOTO-
KaMU M X CHHXPOHHU3AIWH. [[UpEeKTHBBI BKIIOYAIOTCS IPOTPAMMHUCTOM B HCXOJHBIA TEKCT MPOTPAMMEL.

- [HoamporpamMmel OMOIMOTEKN BPEMEHH BBITIONHEHHS — MCIIONB3YIOTCA ISl YCTAaHOBKH W OIPEICIICHHS aT-
pUOYTOB IOTOKOB. BBI30BBI ATHX MOANIPOrPaMM BKIFOYAKOTCS IPOTPAMMHUCTOM B UCXOIHBIA TEKCT.

- IlepeMeHHBIE OKPY>KEHHSI — UCTIOJIB3YIOTCS Uil YIPABJICHAS ITOBEACHUEM MapajlieIbHONW mporpaMmel. [le-
PEMEHHBIE OKPY)KEHHUsI 3a[aroTcsl Uil CPEeIbl BBIMOJHEHUS MapajyieIbHOM MPOrpaMMbl COOTBETCTBYIOIIMMHU CPEI-
CTBaMH OTIEPALIMOHHON CUCTEMBL.

Hcnonp30BaHue TUPEKTUB KOMITWIIATOPA U HOANPOrpaMM OUOIHMOTEKH BPEMCHHU BBIMIOJHCHUS TOIYUHICTCS
MpaBMUIaM, KOTOPBIE Pa3IHYaroTCs U Pa3HBIX S3BIKOB MporpaMMupoBaHis. COBOKYITHOCT TAKMX MPABWII TSI OIHO-
To SI3bIKa MPOTPAMMHPOBAHUS HA3bIBACTCS MPUBA3KOW K s3bIKy. Texnonorus OpenMP cosnmaHa W MOJIep>KABAETCS
st si3p1koB C, C++ u Fortran. B atoit maboparopHoit pabote mpeamnonaraeTcs ncnoib3oBanue s3pika C/C++ B cpene
paspabotku Microsoft Visual Studio (maumnas ¢ Bepcuu 2005). [l Toro, 4T00b €€ KOMITMIATOP HY>KHBIM 00pa3oM
pearupoain Ha aupekTuBsl OpenMP u cTpom napamiensHyI0 MporpaMmy, B KOMaHIHYIO CTPOKY €ro 3aIrycKa JOJDK-
Ha OBITh BKITIOUEHA OMIIUS /openmp (Hanmpumep, myTeM BKiIroUeHus (raxka «OpenMP support» B cBOHCTBaX MPOEKTa
Ha 3aknagke Configuration properties\C/C++\Language).

Jist Toro, uToObI B iporpamme Ha si3bike C/C++ cTanu ZocTynmHbl BO3MOXKHOCTH TexHoioruu OpenMP, B Hee
HYKHO BKJTIOYHTb 3aroJIOBOYHBIH (aitm omp. h:

#include <omp.h>

Ecnu a1y mporpamMMmy TpaHCIMPOBaTh KOMIUIISITOPOM, HE MOJAepKUBaOIIUM TexHosnoruo OpenMP, To ona
OyZeT mocTpocHa B OOBIYHOM IOCIICIOBATEIBHOM (OJHOIMIOTOYHOM) BaAPHAHTE, MMOCKOJIBKY BCE AUPCKTHBEI, 33IAI0IIHE
pacmapayuienuBanue, opOpMIIOTCS B BHIC TaK Ha3BIBAEMBIX IparM (peKOMEHAAIHil), M MPOCTO UTHOPUPYIOTCA Ta-
KAMU KOMITHIIITOPAMH.

B nporpammax Ha si3eike C/C++ Bce mparmbl, UMeHa (QYHKIMH ¥ NepeMeHHBIX okpykenust OpenMP naun-
HAfOTCSI CO CTPOKU «omp». PopMaT TUPEKTUBHI:

#pragma omp oupexmusa [onyus_1[, onyus 2, ...J]

Kaxknast tupexTrBa BMECTE CO BCEMH €€ ONUMSIMH 0053aTeNIbHO A0JDKHA 3aHUMAaTh POBHO OJIHY CTPOKY TEK-
cra. JleiicTBHE HEKOTOPBIX JUPEKTUB PACIpPOCTPAHSIETCS TOJIBKO HAa OJHMH omeparop (Wi OJ0K OnepaTropos, 3aKIIIO-
YEHHBIX B (pUTYpHBIE CKOOKM), HEOCPEICTBEHHO CIIEAYIOMINI 3a TUPEKTUBOW B TEKCTE MPOTpaMMEL. J[ig Takux nu-
PEKTHB OyIeT yKa3zaH

<cmpykmypuwiil 010K K0Oa™.
[epeuens nupexTuB OpenMP Britovaer B ceOst:

1. ﬂl/lpeKTI/IBa 3aJaHus rmapajjieJibHO BBIIOJIHAEMOM CCKIIMM:

#pragma omp parallel [onyus_1[, onyus 2, ...]]
<cmpyxkmypHulli 610K K00a>

C IIOMOIIBIO OHIIPII7[ ITOH JUPCKTHUBBI MOKHO YKa3aTh:

— TpebyeMoe KOIMIECTBO ITOTOKOB N (num_threads(n));
— yCIoBHE, TIPH KOTOPOM TapajuiebHasi 00JacTh ASUCTBUTENBHO co3aaercs (if(yciosue));



— CIIUCOK OOIIMX MEPEMEHHBIX IS BCEX IOTOKOB JAHHOW CeKIMH (shared(cnucok nepemeHHblxX));

— CIIMCOK TIEPEMEHHBIX, KOTOPBIC OYAYT JIOKATbHBIMH B KaXXJOM MOTOKE CEKLUU (private(cnucok nepemer-
HbIX)), IPUYEM HX HAYaJIbHBIC 3HAUCHHS HE OyIyT ONMPEICIICHBL;

— CIIMCOK TIEPEMEHHBIX, KOTOPBIC OYIyT JOKaJbHBIMH B KaXKIOM IOTOKE ceKuuu (firstprivate(cnucok nepe-
MEHHbIX)), IPUIEM B KAQUYCCTBE UX HAYAIBHBIX 3HAYCHHUU OYIyT YCTAHOBJICHBI 3HAYCHUS OJHOMMCHHBIX MEPEMEHHBIX
U3 IJIaBHOTO MOTOKA;

— croco0 Ha3Ha4YeHHs Kiacca maMsTH default(shared|none) BceM mepeMeHHBIM ITOTOKOB, KOTOPEIM KJacC HE
Ha3HAYCH SIBHO C MOMOIIBIO OMIMHU shared (CIIOBO none 03Ha4YaeT, YTO KJIACC MAMSTH BCEX JIOKAJIbHBIX IIEPEMEHHBIX
JIOJDKEH OBITh 3a/1aH SIBHO); B peali3alusix JUis si3pika Fortran MOryT Ha3HauaThCs KIACCHI private U firstprivate,

— CIMCOK TIEPEMEHHBIX, OOBSIBICHHBIX AUPEKTUBOM threadprivate (CM. HIXKE), KOTOPBIC TIPU BXOJE B Mapali-
JIETbHYIO CEKINI0 HMHUIMATN3UPYIOTCS 3HAUCHUSIMHU COOTBETCTBYIOLIMX MEPEMEHHBIX B TOTOKE-MaCTepe;

— OIepaTop CBEJCHUS M CIIUCOK OOIIUX MEPEMCHHBIX reduction(onepamop : CHUCOK nepemMeHHbIX); IS Kax-
JIOW YKa3aHHOU B CIIMCKE TIEPEMCHHOW CO3JAI0TCS JIOKAIBLHBIC KO B KaXKJIOM IOTOKE; JIOKAbHbIC KOITUM WHHIIHA-
JU3UPYIOTCS COOTBETCTBEHHO TUIY OIepaTopa (Ui aJIUTUBHBIX OMECPAIMi HOJb WM €r0 aHAJIOTH, JUIS MYJIbTHUILIU-
KaTUBHBIX OMNCpalMii eIuHHIA Wik ¢ aHAJIOTW), HaJl BCEMHU JIOKAJbHBIMH KOMHUSIMH KaXIOW MEPEeMEHHOW MOocie
3aBepIICHUS MapaUIeIbHON CEKIUU OYAeT BBITIOJIHEH 3aJJaHHEIN OMEepaTop CBEICHUS, Pe3yIbTaThl Oy IyT 3aHECCHBI B
OJTHOMMEHHEIC 00IIIE ICPEMCHHBIC; B KAYECTBE ONepaTopa MOKHO yKa3bIBaTh: +, — *, &, |, ", &&, ||.

2. I[I/IpeKTI/IBa OIPCACIICHUA LUKJIA, UTCpAlUX KOTOPOI'0 HYXKHO paclnpeACInTb MECKAY MapalyICIbHO BbIIOJI-
HACMBIMHA ITIOTOKAMM:

#pragma omp for [onyus_1[, onyua 2, ...]]
<cmpykmypuwiil 010K KOOa™>

C ucnop30BaHUEM ONIUHN TUPEKTUBHI for MOKHO yKa3aTh:

— CIIMCOK TIEPEMEHHBIX, KOTOpbIE OyIyT JIOKQJIbHBIMH B Ka)XJIOM IIOTOKE CEKLMH (private(cnucok nepemen-
HbIX)), IPUUEM X HavyaJbHbIC 3HAYCHUS HE OYIyT ONpE/eIICHBI;

— CIIMCOK TIEPEMEHHBIX, KOTOpbIE OyIyT JIOKAILHBIMH B KaXIOM IOTOKE ceKUMu (firstprivate(cnucox nepe-
MEHHbIX)), IPUYEM B Ka4eCTBE UX HAYaJbHBIX 3HAUYCHHUH OYAYT YCTAHOBICHBI 3HAYCHUSI OJHOMMEHHBIX MMEPEMEHHBIX
U3 IJIaBHOTO MOTOKA;

— CIIUCOK TEepeMEHHBIX TJaBHOTO MOTOKa (lastprivate(cnucox nepemennvix)), KOTOPHIM OYIyT MPHCBOCHBI
3HAYEHHS, TOJYICHHBIE [IPU BBITOIHEHUH MOCIIEAHEH UTEPALNH LUK,

— OIepaTop CBEJICHHS U CIHMCOK OOLIMX MEePEMEHHBIX reduction(onepamop : CHuUcoK nepemMeHHbIX); IS Kax-
JIOM yKa3aHHOH B CITHCKE MEPEMEHHOMN CO3Jaf0TCsl JIOKAIbHbBIC KOMHH B KAX/OM MOTOKE; JOKAIbHBIC KOMUH MHUIIHA-
JU3UPYIOTCS COOTBETCTBEHHO TUIY ONepaTopa (Ui aJIUTUBHBIX OMECPAIMi HOJb WM €r0 aHAJIOTH, JUIS MYJIbTHUILIU-
KaTUBHBIX OMNCpalMii enuHHIA Wik ¢ aHAJIOTH), HaJl BCEMHU JIOKAJbHBIMH KOMHUSIMH KaXKIOW MEPEeMEHHOW Mocie
3aBEpLICHUs apajlIeNIbHOW CeKLIUK OyJeT BBHINOJHEH 3aJaHHbII ONepaTop CBEICHHMS, PEe3yJIbTaThl OyayT 3aHECEHBI B
OJTHOMMEHHBIE O0LIHe TIEpPEMEHHBIC; B KAYeCTBE OllepaTopa MOXKHO yKas3bIBaTh: +, —, *, &, |, , &&, ||;

— croco0 pachpesesieHHus WTEpalMid LUKJIa MEeXIy IOTOKaMM INapajuienbHoi cekuuu (schedule(type/,
chunk])); napameTp chunk 3TOW ONIMK ONpeseNseT KOJINYECTBO UTEPALIMil Ha OMH MOTOK (10 yMosdaHuio 1), mapa-
METp fype yKa3blBaeT THII PACIIPEACICHHUS U MOKET UMETh 3HAUCHHS:

§ static — cTaTUYECKHH, T. €. IPU KOMITWISAIINH,

§ dynamic — TMHaMUYECKUH, T. €. TIPY BBHITIOJTHCHUH,

§ guided - TMHAMUYECKUIi C yMEHBIICHUEM KOJIHUYECTBA UTEPAMii HA MOTOK OT HAYAJILHOT'0, ONPEAEIISIEeMOT0
aBTOMATHYECKH, 10 3HaYeHus chunk,

§ auto — cnocob pacnpenesneHNs BHIONPASTCsl KOMIMIITOPOM HJIH UCTIONHSIOMIEH CHCTEMOH,

§ runtime — cioco® pacnpeseneHus 3a/1aeTcsl CrelUaIbHON MEPEMEHHON OKPYXKEHUs ONEePallMOHHON CUCTe-
MBI

— BO3MOXHOCTbH (onuusi ordered) TOSBICHUS B TEJIE LUKJIA TUPEKTHUBEI ordered, KoTopast TpeOyeT HCIIOJIHE-
HHS OXBAUYEHHOTO €10 0JIOKA OIepaTOpOB B TOYHOCTH B TOH )K€ MOCJIE0BATEIILHOCTH, KaKasi peali3yeTcsl B IoCie0-
BaTEILHON BEPCUM JAHHOTO LIUKJIA;

— OTMeHY (nowait) HesIBHOI OapbepHOil CHHXPOHHU3AINH TOTOKOB, TOCTHUTTIIMX KOHIIA BBIMIOJIHEHHS CBOEH 4a-
CTH UTepalui 1HKiIa (IPH OTCYTCTBUU ATOM OIIMHK YYACTOK MPOTPAMMBI IOCIE LUKIA OyJIEeT BBIIOIHATHCS TOJIBKO
TOr'/1a, KOT/Ia BCE TIOTOKH BBIMOJHAT BCE CBOM UTEPALIUH;

— TIyOWHY N BIOKEHHBIX APYT B Apyra MUKIOB (collapse(n)), IpOCTPAHCTBO UTEPAIMA KOTOPHIX TOICKUT
pactpeeNleHuIo MeX Iy apauieIbHBIMU MTOTOKaMH (JIOCTYITHO TOJIBKO B peanu3anuu 2.5 Texnosoruu OpenMP);

JupexTussl parallel v for MOXHO 00BEIUHATH B OJHY AUPEKTHBY, B KOTOPOH MOYXKHO YKa3bIBaTh OIIIMH KaK
IMPEKTUBHI parallel, Tak M TUPEKTUBHI for:

#pragma omp parallel for [onyus_1[, onyua 2, ...]]



3. I[I/IpeKTI/IBa, YKa3bIBaromiadg Ha HCO6XO[[I/IMOCTL HCIIOJIHCHHS OXBATBIBAEMOI'O €10 YJacCTKa KOJa (‘-IaCTI/I TC-
Ja um(na) B TOM I0CJI€A0BAaTCIBHOCTH, B KOTOpOI‘/'I OH BBITIOJHACTCA B YHUCTO IMOCIIEA0BATCIIBHOM PEKNUME

#pragma omp ordered

<cmpykmypuwiil 010K KOOa™>

4. JlupekTrBa 3aaHus 00JIACTH HEIUKINIECKOTO Mapauienu3mMa (y4acTKd CTPYKTypHOro 6J0Ka Kojaa, KOTo-
PBIE MOTYT BBITIOJHATECS MMAapaJuIeIBHO, BBIICISIOTCS C IOMOIIBIO ONMCHIBAEMOH Jajee JUPEKTHBEI section):

#pragma omp sections [onyus_1[, onyua 2, ...]]

<cmpykmypuwiil 010K K0Oa™>

B kauecTBe omiuii 3TON AUPEKTHBBEI MOXKHO YKa3bIBaTh private, firstprivate, lastprivate, reduction v nowait,
HUMCIOIIUE B TOYHOCTH TAKOW K€ CHHTAKCUC M TOT K€ CMBICII, YTO ¥ Y TUPEKTUBEI fOr.

5. ﬂl/lpeKTI/IBa OIPCACIICHUA YHaCTKa HCHUKINYCCKOI0 Koda AJid OAHOI'O MMOTOKaA:

#pragma omp section

C moMomIpio 3TOW ITUPEKTUBEI BHYTPH ydacTKa KOJa, OXBaYEHHOTO IUPEKTHUBOU sections, BBINEISIOTCS OT-
JenbHBIe (PParMEeHTHI ISl UCTIONHEHHS TTapauIeIbHBIME ToTOKaMu. Ilepen caMbIM mepBBIM (hparMeHTOM yJacTKa He-
[IUKJIAYECKOTO KOJa TUPEKTUBY Section MOXHO HE YKa3bIBaTh.

6. ﬂI/IpeKTI/IBa OOBSIBJICHUS CITHCKA JIOKAJIBHBIX TIICPEMEHHBIX ITOTOKOB

#pragma omp threadprivate(cnucok nepementoix)

DTa IUPEKTUBA TO3BOJISET CHENATh JIOKAJIbHBIE KOMHH JJI CTAaTHUECKUX TMepeMeHHbIX s3bika C/CH+ (m
COMMON-06:10K0B s13b1ka DOpTpaH), KOTOPHIEC 110 YMOTYAHHUIO SIBJISIOTCS OOLIMMHU.

7. InpekTrBa CO3AaHMsI OTACILHON He3aBUCUMON 3anaun (HaunHas ¢ Bepcuu 2.5 OpenMP):

#pragma omp task [onyua_1[, onyua 2, ...J]
<cmpykmypuwiil 010K K0Oa™>

Tekymmuii MOTOK CO37]aeT B KA4€CTBE 3a/1a4M aCCOIMMPOBAHHBIN C AUPEKTUBOM OJIOK OIepaTopoB. DTa 3a1a4ya
MOJKET BBIIOJHATHCS HEMEIUICHHO ITOCIIe CO3JaHMs WK OBITh OTIIOKCHHOM Ha HEOIpeaeIEHHOE BpeMs U BEITIOIHATH-
s TI0 yacTsAM. Pa3mep Takux gacTei, a TakKe MOPSIOK BBHITIOJHEHUS YacTeH pa3HBIX OTIOKEHHBIX 3a7ad OTpeIeNseT-
cs peanuszanuei OpenMP.

Jlabopamopnasn paboma 2
PacnapaiieTMBaHue BEIYMCICHHUN TPH PEIICHUH 3aa4 MATPHUYHBIX BBIYHCIICHHUIMA.

Heab padoThl: —M3YyYUTH METOAbI H AJITOPUTMBI Pa3padoTKH NapaJuieIbHBIX MPOrPaMM ISl pelieHust
3a/1a4 MAaTPUYHBIX BHIYHCJIEHHUIA.

B na6oparopHoii padote HEOH6XO0AMMO pazpaboTaTh HapaLIENLHYIO IPOrPAMMY IJIS PELMICHUS 3a1a4:
1. Pemmienue cucTeMbl JIMHEHHBIX alreOpandecKux ypaBHEHUI.

2. CopTHpOBKa MacCHBa JAHHBIX Pa3IHIHBIMI METOJAMH.

3. [lepemHOXEHUE MATPHLI.

4. BeruucieHre 00paTHON MaTPHUIIBL.



PexomennallMmn K 3agaue Ne 1 — perieHne cucteMsl JIMHEHHBIX anreOpandeckux ypaBHenuit (CJIAY) Gonbruoit
pasmeproctu. Marpuia koa¢ddunuentos CJIAY BeigaeTcs npernojaBaTeieM HiH CO3AaeTCs CaMOCTOSTENBHO ¢
ucroib3oBaHueM nporpammsl GenSLAU, ¢popmupyroieit 1160 TeKCTOBBIH, 1nb0 OuHapHBIH (aiin (1o BIOOpy
cTyzeHTa). M1 B TOM 1 B IpyroMm ciryyae HepBbIM JIEMEHTOM (aiiiia SBIsIeTCsl pa3MEPHOCTh MaTpHLbl N, cleny-
romure N rpyni 3eMeHToB cogepxkaT N+1 4uciio ¢ riaBaromiei Toukoi, 3 KOTOPBIX nepBble N 4ices — 3TO KO-
3¢} PUIHEHTHI COOTBETCTBYIOIIEH CTPOKH MATPHIIBI, & TOCIIeIHEE — CBOOOIHBIN WJIeH 3TOH cTpokHu. B OnHapHOM
(hopMmaTe KaxIbIM DIIEMEHTOM SBIIIETCS 4-X OaliTHOE BEIIECTBEHHOE YHCIIO, pa3euTech HeT. B TekcToBoM
(dhopmare pazgenuTeseM MEXIY dJIEMEHTAMHU SBIIIETCSI CUMBOJI Tipobena (¢ kogom 0x20), a B kKauecTBe pa3aeiiu-
TEJIsI MeXKy TPYIIIaMH 2JIEMEHTOB UCTIONB3YETCS IMOCIIeIOBATEILHOCTh CUMBOJIOB ¢ kKoaamu 0x0D, 0x0A (mepe-
BOJI CTPOKH, BO3BpaT KapeTkn).Ha kaxxayro paboTy CTyIEeHTY BbIIaeTCS PEKOMEHIyEeMbI HHANBUIYAIbHBIN Ba-
puaHT pasoucHus MaTpuilbl Kodd¢uimenToB CJIAY Mexay BETBIME MapajuieIbHOW HPOTrPaMMEL.

Jlabopamopnasn paboma 3
PacnapaiienMBaHre BEIYUCICHUN IPY YUCIICHHOM PEHICHUH aHAIMTHYCCKUX 3a1ad.

Lean padoThl: —M3yYUTH METObI H AJITOPUTMBI Pa3padoTKH NapaJuiebHBIX MPOrPaMM ISl pelieHust
3a/1a4 YHCJIEHHOro TudpepeHUPOBAHNS, HHTErPUPOBAHHUSI, MO/IEJTUPOBAHUS.

B naGopatopHoii paboTe HYy>)KHO pa3paboTaTh MapauieIbHYIO IPOTrpaMMy ISl PeIIeHHS 3a1ad:

1. Yncnennoe muddepeHmpoBanme.

2. UncneHHoe HHTETPUPOBAHUE.

3. UncneHHoe MOIEIMpOBaHHE.

MeTtonasr n AJITOPUTMBI UIA PECIICHUA BBI6I/IpaCTC$[ CTYACHTOM CaMOCTOSATCIBHO.

Kpumepuu OUCHKU

Bupa xonTpons MuHIMaITEHOE KOJTHYISCTBO MakcuMabHOE KOJIHYECTBO
0ajioB 0ajioB
Jlaboparopnas paboTa 1 6 10
JlabopartopHnast pabota 2 6 10
JlaGopaTopnas pabora 3 6 10
HUroro 18 30




MuHuCcTEpCTBO HAYKH U BhICIIEro 00pa3oBaHus Poccuiickoit @enepanuu
HuxHexkaMCKUil XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((pusman)
(benepaabHOro rocy1apCTBEHHOIO OIOPKETHOTO 00pa30BaATEIBHOIO YUPEXKICHUS

BBICHICTO O6p8.30BaHI/IH

«Kazanckuit HaIII/IOHaJIBHLIﬁ I/ICCJICIIOBaTeJII)CKI/Iﬁ TEXHOJIOTNYECKUMI YHUBCPCUTCT»

®dakynbTeT UHPOPMALUOHHBIX TEXHOJIOTUN
Kadenpa napopManimoHHBIX CUCTEM U TEXHOJIOTUI

Hanpasnenue noarorosku 09.04.01 «Mudopmatrka 1 BBIYUCTUTENbHAS TEXHUKA

Komrnekt 3agannii 17151 BEIOIHEHUS pacYeTHO-Tpauaeckux padoT
[0 AUCHUIUIMHE « APXUTEKTYypa MapauiebHbIX BHIUUCIUTEIbHBIX CUCTEM

PacuetHo-rpadguueckasn padora 1.
Peanu3zoBarh Ha A3bIKE BHICOKO YPOBHSI:
1. Tubpumgnyro apxutekrypyNUMA.
2. PVP- apxutektypy.

PacuetHo-rpadguueckas padora 2.
OpraHu3oBaTh U BBIOJIHUTH PacyeT MoKa3aTenen
1. AccounaTuBHOrO mpoIeccopa.
2. KomnseitepHoro npoueccopa.
3. MarpuuHoro npoieccopa.

Kpumepuu OUCHKU

Bup xonTpons MuHIMaITEHOE KOJTHYSCTBO MakcuManbHOE KOJIHYECTBO
0asIoB 0asIoB
PacuerHo-rpaduueckas pabora 1 9 15
Pacuerno-rpaduueckas padora 2 9 15
Hroro 18 30




MunmncTepcTBO HayKu U Bbiciiero oopasosanus Poccuiickoit denepannu
HuxHexkaMCKUil XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((pusman)
(benepaabHOro rocy1apCTBEHHOIO OIOPKETHOTO 00pa30BaATEIBHOIO YUPEXKICHUS
BbICILIET0 00pa30BaHMs
«KazaHcknii HaMOHATIBHBINA UCCIIE0BATEILCKUNA TEXHOIOIMUECKUI YHUBEPCUTET

®daxynpTeT UHPOPMALIMOHHBIX TEXHOJIOTUN
Kadenpa napopManimoHHBIX CUCTEM U TEXHOJIOTUI
Hanpasnenue noarorosku 09.04.01 «Mudopmatrka 1 BBIYUCTUTENbHAS TEXHUKA

KoMIuiexkT pk3aMeHaIMOHHBIX TECTOBBIX 3aJaHUN
[0 AUCHUIUIMHE « APXUTEKTYypa MapauiebHbIX BHIUUCIUTEIbHBIX CUCTEM

Bapuanm 1.

1. Yem xapakTepu3yeTcss MHOTOIIPOIIECCHOCTD (Concurrency) B KOHTEKCTE MapajlieTbHBIX BBIYUCICHUHN?
obecreueHe MUHIMAaJILHOTO BPEMCHU BBITIOJTHCHUA OHHOﬁ IIporpaMMBbl

MIEPBUYHOCTh MPOITYCKHOH CIIOCOOHOCTH

He TpedyeTcst o0ecnieueHne MaKCUMaTbHON U30JIAINH TIPOIECCOB IPYT OT Ipyra

obecrieueHne Kak MOXHO 0ojiee paBHOMEPHOTO PaclpeesIeHUsI PEeCypCOB MEXIy MpolieccamMmu

2. B KaKkux CUTYyalusX MOXKET ObITh pealli30BaH UCTUHHBIN MTAPaIeIU3M BBIYMCICHUI?
BBIYHCIICHYS MPOou3BOAATCS Ha DBM ¢ oiHOsIepHBIM TTpolieccopoM B MHOTo3anagHoi OC
BBIYHCIICHYSI MPOU3BOAATCS Ha DBM ¢ oHOSIEpHBIM TIpOIieccopoM B oaHo3anaqHoln OC
BBIYUCIICHUS ITPOU3BOISATCS Ha MHOTOIIPOIIECCOPHOM YCTPOMCTBE

JUTSL BEIYUCIICHUH IPUMEHSIETCS TIPOLIECCOP, MOICPKUBAIOIINN (PU3UUSCKYIO BEKTOPU3AIUIO

3. Kakoii n3 pexxuMoB BBIYMCIICHUH MOJICP)KUBACT KIACCHUYECKUH MOCiIeJ0BaTebHbINH KomnbloTep Gon Helimana?
00paboTKa HECKOJBKMX MHCTPYKIMH M OJMHOYHOTO JIEMEHTA JaHHBIX B KaXKJIbIi MOMEHT BPEMEHU

00paboTKa OJJMHOYHOM MHCTPYKIMH U HECKOJBKHUX ITOTOKOB JTAaHHBIX B KaXKABIi MOMEHT BPEMEHH

00paboTKa OIMHOYHON HHCTPYKIUH U OANHOYHOTO 3JIEMEHTA JJAaHHBIX B K)KABI MOMEHT BPEMEHH

00paboTKa HECKOJIBKUX MHCTPYKIMH M HECKOJIBKUX TIOTOKOB IaHHBIX B KaX/bIii MOMEHT BPEMEHHU

4. CUMMETPHUIHBIA MYJBTHIIPOIIECCOP XapaKTEePHU3yeTCs

OJTHOPOTHBIM JOCTYIIOM K MaMSITH BCEX MPOLIECCOPHBIX YCTPOUCTB

JIOCTYIIOM KaXKJIOTO MPOIECCOPHOTO YCTPONCTBA K OTACIBFHON YacTH (DU3MICCKH PACIIPEICICHHOMN MaMsATH
HEOJIHOPOIHBIM JOCTYIIOM K aMsITH BCEX MPOLECCOPHBIX YCTPONCTB

OJTHOPOJIHBIM JTOCTYIIOM YaCTH IPOLIECCOPHBIX YCTPOMCTB K YaCTH OOIIEeH aMsITH

5. Kakue ¢akTopsl MpensTCTBYIOT MOJTYYEHHIO PE3yJIbTaTa C 0)KUIAeMOH TOUHOCTBIO NIPU pacliapauleInBaHuN
apu(pMETHYECKUX PACUCTOB?

MalldHHAsL ONIepaLHs CIOKSHHS YHCel He 00J1aaeT CBOMCTBOM KOMMYTaTUBHOCTH (TIOPSIOK CIOXKEHHS JIBYX YHCEI
BaXKEH)

pacrapaulelieHHbIe alTOPUTMBI PEATM3YIOTCS Ha OXHOSACPHOM IIPOIeccope

MalIdHHAasL ONIePaLis YMHOXKEHHS Y¥cell He o0JiajaeT CBOHCTBOM aCCOLMATHBHOCTH (BaXKEH MOPSAOK MEPEMHOKESHUS
TpEX dmcen)

MalIMHHAsL ONIepalis YMHOXKEHHS Yicell 001a1aeT CBOHCTBOM KOMMYTAaTHBHOCTH (IIOPSIOK EPEMHOKEHHS ABYX YH-
Cell He BaYKEH)

6. Kakue 3 npeuioKeHHBIX CTPATETuil pacapaUIeIMBaHUs allTOPUTMA HAX0XKICHHS CPEIHEr0 apu(hMETHICCKOTO
nocaenosarensHocty U3 1000 yncen KOppeKTHbI?

MOCJIE/IOBATENILHOCT pa30uBaeTcsi Ha 4 4yacTH, DIIEMEHTHI B KaXKA0H 4acTH cymMmMmupytotest u aensrcst Ha 1000 Ha oT-
JIeTIbHOM IPOLIECCOPHOM YCTPOMCTBE, IT0JIydCHHbIE 3HAUEHHSI CKJIIBIBAIOTCS HA OJTHOM ITPOLIECCOPHOM YCTPOMCTBE U
nensres Ha 4

MIOCTIEI0BATEFHOCTE pa30nBaeTcs Ha 4 paBHBIC YacTH, 3JIEMEHTHI B KaKJOH YaCTH CyMMHUPYIOTCS, TTOJTy9ICHHBIC 3Ha-
YeHUS CKIAbIBAOTCS U fessiTcest Ha 1000 Ha 0THOM MTPOIIECCOPHOM YCTPOHCTBE

MOCIIEI0BATEIHHOCT Pa30uBacTCs Ha 4 paBHBIC YACTH, JIEMEHTHI B KAKIOW YaCcTH CyMMHUPYIOTCS  fensates Ha 1000
Ha OTIIEIBHOM IIPOIIECCOPHOM yCTPOICTBE, MOTydEeHHBIC 3HAUCHHS CKIIaIBIBAIOTCS Ha OJTHOM IPOIIECCOPHOM YCTPOH-
CTBE



MOCJIEIOBATEILHOCTh pa30MBacTCs Ha 4 paBHBIC YaCcTH, HAXOIUTCS CpeHEe apru(PMETHICCKOE KaX IO YacTH Ha OT-
JICIIEHOM TIPOIIECCOPHOM YCTPOMCTBE, MOMyYCHHBIC 3HAUCHUS CKIIAJIBIBAIOTCS HA OJJHOM IPOLIECCOPHOM YCTPOUCTBE U
nensitest Ha 1000

7. BeibepuTe yCIOBHS PEAlU3yeMOCTH PACIIUCAHUS TAPAIIIEIBHOTO aJrOPUTMA.

Ha Ka)KJ0! BEIYMCIUTEIILHOMN €IMHKIIE BCE ONIEPALINH BBITOJHIIOTCS OJIHA 34 IPYToi

KOJIMYECTBO OIEPALIMi, BBITOJHSIOMINXCS Ha KAKIOM BBIYMCIHTEILHOM YCTPOUCTBE, IIOCTOSHHO

BBIYMCIIUTEBHBIE YCTPONUCTBA, BHIMOIHSIOIINE PA3HbIE OMEPALMH, HE MOTYT OOMEHHUBATHCS HH(POPMAIHEN MEKIY CO-
ooii

Ka)kIast OIlepalysl BBIIOIHAETCS HE 60jIee YeM Ha OJJTHOM BBIYMCIIMTEILHOM YCTPOMCTBE

8. Uro Ha3bIBaeTCs JJIMHOW KPUTHYECKOTO MyTH B Tpade, NPEACTABISIIONIEM HEKOTOPBIN MapajieIbHbIA aaropuTM?
JUIMHAa MaKCHMaJIbHOTO IyTH B Tpade

MaKcHMallbHasl JUIMHA ITYyTH B Tpade, COCTOSIIEro N3 OAHOTHUITHBIX ONepaui

cpeaHsisi BbIcoTa rpada anropurMa

AUaMETp rpana ajaropurma, onpenensuomnffl MUHUMAJIBHO TCOPECTUYCCKN-BO3MOKHOC BPEMs BBIINIOJIHCHUC aJITOPUTMA

9. YUem xapakTepusyeTcsi yCKOpPEHHE apajuIeIbHOTO anropuTMa?
MHHHMAJIbHOE BPEMsI BBITTOJIHEHUSI [TOCIIEA0BATENIHLHOTO aIrOPUTMA
OTHOIIICHHE KOJIMYECTBA NPOLIECCOPOB K KOJIMYECTBY MMOTOKOB HCIIOTHEHHS
MHHUMAJIbHOE BPEMsI BBITOJIHEHUS TAPAJUIEILHOTO aJropuTMa

pa3Mep BXOJHBIX JaHHBIX

10. Yro Takoe 3ppekTHBHOCTH MapauIeabHOro aaropurma?

OTHOIICHHUE YCKOPEHUs aJrOPUTMa K KOJIMUECTBY IPOLIECCOPOB

MPOU3BEACHIE MUHIUMAIBHOIO BPEMEHH BBINOJIHEHHSI ApajlIeIbHOTO aITOPUTMA U KOJIMYECTBA IPOLIECCOPOB
OTHOIICHHE pa3Mepa BXOJHBIX JAHHBIX K pa3Mepy BBIXOJHBIX JaHHBIX

CYMMapHO€ BpeMsl, 3aTpauuBaEMOE BCEMH MPOLIECCOPAMH Ha BBITIOJIHEHNE aNTOPUTMA

11. Beibepute BepHBIC YTBEPIKICHHS.

YCKOpPEHHE MPOrPaMMbI C OMOIIIBIO MTAPAJIICIIbHBIX BEIYUCICHUI 3aBUCHT TOJIBKO OT KOJINYECTBA BHIYUCIUTEIBHBIX
y3II0B

CyMMapHO€ BpeMsl BBIIOJHEHHsI apauieibHOM 3ajaul He MEHbIIIe BPEMEHH BBITMOIHEHHUS] CAMOT0 JUTHHHOTO 1OCIe-
JIOBATEIILHOTO (hparMeHTa

B pPCaBbHBIX 3a/1a4ax 0OaBJICHUE HOBBIX MMPOIECCOPOB MOKET YBEIIMYUBATH BPEMs pacuera

B PEaBHBIX 33/1a4aX YCKOPEHHS MPOTPAMMEBI ¢ TOMOIIBIO TTAPAIUICIBHBIX BEIYUCICHUN HEIb3s JOOUTHCS T0OABICHU-
€M BBIYHCIIHTENBHBIX Y3JI0B

12. Kakue yactu mporpaMMsl sIBJISIFOTCS IOCIIEI0BATEIbHBIMU?
YTEHHE BXOIHBIX JAHHBIX C )KECTKOTO JTHUCKA

3aMKMCh BBIXOAHBIX JAaHHBIX HA HECKOILKO JKECTKHX JTMCKOB
CHHXPOHH3AIHS B MMapajlieIbHON IporpaMMe

KpUTHYECKAs CEKIHsI B TApaJLICIIBHON MporpaMmme

13.Haiinure cormnacHo 3akoHy ['ycTaBcOHa ycKOpeHHEe MacIITaOMPOBaHUs HEKOTOPOH MapaieIbHON IIPorpaMMBlI, ec-
JIM U3BECTHO, YTO BpeMs MOCIEN0BATEIbHON YacTu nporpammsl paBHO 1000 Mc, BpeMs 4aCTH IpOrpaMMsl, KOTOpas
MOXeT OBbITh pacnapaienena, pasHo 100 mMc, KonuuecTBo npoueccopoB paBHO 10. OTBET OKpYIIIUTE 10 AECATHIX.

14. Haiinure cornacHo 3akoHy ['ycTaBcoHa yCKOpeHHE MaclITAOUPOBaHUSI HEKOTOPOH MapauleIbHON TPOTrpaMMBbl,
€CJIM U3BECTHO, YTO BpeMsl OCIeN0BaTeNbHON yacTu mporpaMMel paBHo 900 Mc, BpeMs 4acTU IpOrpaMMBbl, KOTOpas
MOJKET OBITh pacmapainenena, paBHo 300 Mc, KOJMYECTBO MPOLIECCOPOB paBHO 9. OTBET OKPYTIIUTE A0 ACCIATHIX.

14. Haiinute coryiacHo 3akoHy [ 'ycTaBCOHa yCKOpEHHE MacIITAOMPOBAHMSI HEKOTOPOH MapaieIbHON POTPaMMBI,
€CJI M3BECTHO, YTO BpeMsI IOCIIeIOBATEIbHOM YacTh porpaMMel paBHo 800 Mc, BpeMs 9aCTH HPOTPaMMBI, KOTOpas
MOJXKET OBITh pacnapainenena, paBHo 100 mMc, konmaecTBO mporeccopoB paBHo 10. OTBET OKPYTIIUTE IO ACCATHIX.

15. KakoBbI IPHHIMIIBI OPraHU3alUK pacipeieNIeHHON MaMsITH C ANHBIM aJpECHBIM IIPOCTPAHCTBOM B MYJIBTHITPOLIEC-
copHo# cucteme?

BCE aJ[pEeCHOE MPOCTPAHCTBO ACIUTCS Ha 00JaCTH, COOTBETCTBYIOIIUE OTICIBHBIM Iporieccopam. OJHAKO ecii OIUH
MPOLIECCOP 0OPATHIICS 110 apecy MaMsITH JIPYroro Mporeccopa, To 0OMEH MPOU3BOIUTCS ¢ TIOMOIIBIO CIICIUAIBLHON
nponexypst OC

€/IMHOE aJPECHOE MPOCTPAHCTBO 03HAYAET OJIMHAKOBYIO JUISI BCEX MIPOIIECCOPOB aAPECAIMIO PACIIPEICIICHHON TaMsITh



€/IMHOE aJPECHOE MPOCTPAHCTBO JEIUTCS HA 00JIaCTH; KaX/as 00JIacTh 0TOOpaXKaeT apecHOe IPOCTPAHCTBO COOT-
BETCTBYIOIIEro npoueccopa. Eciu oauH npoueccop UCHOAb3YeT apec NaMATH Ipyroro npoueccopa, To aBToMaTuie-
CKHY MHULIUUPYETCsl OOMEH, KOTOPBII HET HEOOXO0AMMOCTH TIpelyCMaTpuBaTh IPOrpPaMMHO

16. IIpocneaure ncnoab30BaHue 0a30BBIX PETUCTPOB B MEPAPXUUECKOM (CTEKOBON) CTPYKTYpE MPOrpaMMbl IIpH 3a/aH-
HOM TIOPSIZIKE BIOXKEHHOCTH Tporeayp. CKoIbKO 0a30BBIX PETHCTPOB UCTIONB3yeTCs mpu cdere? KakoB MakcHMaTbHBIHA
JIEKCUKOTpaIecKril YpOBEHB?
MIPOM30UICT MpEephIBAaHNE M3-3a HEOMYCTUMOCTH MOJO0HON CTPYKTYPHI
TIPOM30UICT MPEPHIBAaHNUE TIO 3AIIUKINBAHUIO
6a30BbIii peructp Bl «cMoTpuT» Ha 007aCTh aKTUBAIMH Mporexypsl A. ITociie TOBTOPHOTO 3aITycKa peKypCHB-
HOW IporeIypsl A Ha €€ HOBYIO 00JIacTh aKTUBAIIUU OYIET «CMOTPEThY 0a30BbIl peructp B2 u T.11. [locnen-
HUMH, 1-i, 3aITyCK NpoLEeIypbl A JOJKEH JOBEPLIUTH €€ BhlloJHeHUe. To ecTh, B Hell 3amyctutcs npouenypa C,
Ha 00JIaCTh aKTHUBAIMU KOTOPOH OyIeT «CMOTpPETh» TOT ke 0a30BbIi peructp Bn. Jlanee nmpogomkuTes BHIION-
HEHHUE NPOoLEAYpPh A NMPEABbIIYIIEro 3amycka, Ha 001acTh aKTHBALMH KOTOPOH «CMOTPUT» 0a30BbIN PErucTp
Bn-1. B neii 3ammycrurcs npouenypa C, Ha 00s1acTh aKTUBAIIMU KOTOPOH OyIET «CMOTPETh» TOT ke 0a30BbId pe-
THCTpP U T.J

17. Ins maHHOTO apu(METHIESCKOTO BRIPAYKSHHUS COCTABRTE IIPOTpaMMy B Oe3aJpecHON cHcTeMe KOMaH/ U JJIs aBTOMa-
THYECKOTO pacHapajuIeIMBaHUs MEPeBEIUTE €€ B TPEXaIpecHyI0 cUcTeMy KomaHAa. /imHa crimcka CBOOOJHBIX peru-
cTpoB paBHa 6. A=(a+b)UcU(d+e). KakoBa mmnHa mporpaMMbl B TpeXaJpecHbIX koMaHaax? [IpuBeaure TeKCT ceapMOit
KOMaH/IbI

8 komanm,+r6 rl r2

9 xoman,Cu e rl

10 komana,Cu d r6

19. CKoJIbKO M B KaKUX KOMOMHALMSIX (PUTYPUPYIOT TIOTOKH KOMaHJl U MOTOKH JAHHBIX IPU KIACCU(HUKALMN apXUTEK-

Typ BC?
UCIIOJIBb3YIOTCS Bee 4 Bo3MokHbIe kKomOnHarmu: SISD, xapakrepusytommas mukponpoueccops! INTEL; SIMD,
xapakrepusytomnias marpuaabie BC; MISD, xapakTepu3yroias BEKTOPHbIE M BEKTOPHO-KOHBEHEPHBIE CHCTEMBI;
MIMD, xapakrepusyroiasi MyJIbTUMHKPOTIPOIIECCOPHBIE CUCTEMbI
MCTIONB3YIOTCS Bee 4 Bo3sMoxkHbIe KomOnHanmu: OKO/I, xapakTepusyromast TpaaullHOHHbIE «CKAJSIPHBIE» TIPO-
neccopsl; OKM/I, xapakrepu3syomas BEKTOPHbIE, MATPUYHBIE U APYTUE MIPOLECCOPI C MHOTUMH HCTIOJHH-
TenapHBIMU yeTpoiicTBamu; MKO/I, xapakTepusyromnias BEKTOPHO-KOHBEHEPHBIH CITOCOO BBITOJIHEHHS OTIepaIiit
WM KOHBEWEpHBIN crioco0 BeITToHEHUS Tiporpamm; MKM/I, xapaktepu3syrornias MHOTOIpolieccopabie BC
ucroib3ytores 4 Bo3moskubie komOuHamu: OKO/I (SISD), xapaxrepuzyromnas «CKaJlsipHbIE)» IPOLECCOPHI;
OKM/I (SIMD), xapakrepu3yolias BEKTOpHbIE, MaTpU4HbIC U BeKTOpHO-KoHBelepHsie BC; MKO/L (MISD),
xapakrepu3yolas notokosyo (data flow) apxurekrypy; MKM/I (MIMD), xapakrepu3yroliasi MHOTOIIPOLIEC-
copusle BC Ha o01ieii onepaTHBHOM aMsITH

20. ITouemy cxema data flow oTHOCHTCS K «He-(hoH-HelimaHOBCKMMY apxuTeKkTypam?
notomy uto @on Heliman ee He pa3zpabaTeiBai
MOTOMY YTO OJIHO «Y3KO€ MECTO» — CUETUYHUK KOMAH/]| 3aMEHEHO JIPYTUM «Y3KUM MECTOM» — KOMMYHHKAI[H-
oHHOH ceTbio BC, rie mpo0OsieMy TOCTIKEHHsT BRICOKOH TIPOU3BOAUTEILHOCTH 0OMEHa ynaercst 3 PeKTHBHO
peIuTh
M3-3a OTCYTCTBHA CUCTUYNKA KOMAH, XapaKTePU3YIOIIETO paHHNE «KJIaccuieckne» Moaenn OBM

21. IIpousBeaute 0OOCHOBAHUE MPEANIOYTUTCIBHON (POPMBI MPECTABICHUS aJTOPUTMA JUTSI ONTUMH3ALUHU TPOTPaAMMBI
BC, ynpasnsiemoii B kax0M TakTe. Kakum pexoMeHaanusM HeoOX0IUMO CIIEe0BaTh P 00paboTke MaccuBa’?

HE CJICyeT I0JIb30BaThCsI AITOPUTMAMHU 00PaOOTKH AIEMEHTOB MacCHBA, ECIIM OHU HE PacrapaIcIuBarOTC
MPEyCMOTPEB OJTHOBPEMCHHYIO 00pabO0TKy 00Jiee OHOTO IEMEHTa MAaCCHBa, CIICIyEeT OPraHU30BaTh KOHBEUED
9TOU 00pabOTKH

HE00X0IUMO TIPETYCMOTPETHh OJHOBPEMEHHYIO 00pab0TKy 00JIee OHOTO dJIEMEHTa MacCHBa

22. JIpa nporieccopa KOMMYTAIMK OJHOBPEMEHHO HAYMHAIOT BBIMIOJHSThH IPOrPAMMBbI B BUPTYaJbHBIX a/Ipecax peliaro-
miero noJjst. CocraBbTe IUIAH [IPOTPAMMBI HX COBMECTHOT'O BBINOJIHEHUS 110 TAKTaM, MPECTABUB, KaK aJpeCHbIi reHepa-
TOp IpeAaraeT uM pu3ndeckue aapeca 0y(epHBIX PerucTpoB

1Yabv12+vlv3v23Uv2ev31+dfvi2:vl1Lv23Yv2kv3
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 nomoplo msiTHaapecHol komaHsl if-then-else coctaBbTe mMporpaMMy KOMMYTAIMH JUIsl CUETA 3HAUCHUS BIpa-
HKEHUS:
X =bUif (d+ c¢) >a then if e >b then A else B else 0
1+dc(1,1)2YClJleb(2,1)
AB
3YCJI(1,)a(3,1)
(2,10
44b(3,1)(4,1)
1YClJlIeb(1,1)
AB
2+dc(2,1)3YCI(2,1)a(3,1)
(2,1)0
49b(3,1)(4,1)
1+dc(1,1)2YCJI(1,1)a(3,1)
(2,1)0
3YClJleb(2,1)
AB
44b(3,1)(4,1)

24. Yto moHUMAETCS TOJT TapaJIeTIbHBIMI BEIYHCICHUIMU?
25. CxeMbI MHOTOIIPOIICCCOPHBIX CUCTEM C OJTHOPOTHBIM M HEOJHOPOIHBIM JOCTYIIOM.

26. PaccMotpuMm 3a1auy nepeMHoxkeHus Matpui. Ilycts pasmep nepemuoxxaemoit matpunsl 200x200. Ha Beraucnu-
N - 9
TEJILHOM CHCTEME BCE ONEPALUU CIOKEHUS U YMHOXKEHUS BBIIOIHIIOTCS OJUHAKOBOE BpEMSI / < Hcek. JlaTenT-

HocTH cetn (X 500 yeex. [IpormyckHast CTOCOOHOCTh CETH Y a1l Mboaiit/cex. DeMeHThI MaTPHIIB UMEIOT
tum double u 3arUMatoT w = 8 6aiiT. Eciiu ipu pacmapaiienBaHuy UCTIONL30BaTh aroputM dokca, uemy Oymet
paBHa TeopeTHyeckas 3p(HEKTHBHOCTh MPU UCTIOIB30BaHUH 4 MPOIIECCOPOB:

0,55

0,77

0,98

27. PaccMoTpuM 3ajauy MOUCKA PELISHUs CUCTEMBI JIMHEUHBIX ypaBHeHUil. [TycTh pazMep MaTpULIbl CUCTEMBI JIMHEH-
HbIX ypaBHeHUH 100x100. Ha BeruncnuTensHOl cucteMe BCe ONepalyy CI0KEHHSI U YMHOXKEHHS BBIIOJIHAIOTCS OAU-

HaKOBOE BpeMsi 1 2 ncek. JatentHoctu ceti O D Heex. INponyckHast ciocoGHOCTH CETH / 3 = 500
Mobaiit/cex. DIeMeHTHI MaTPHUIIBl CHCTEMBI IMHEWHBIX ypaBHEHHH nMeroT Tun double u 3annmator w = 8 6aiit. Ecim
IPY pacniapajuleIMBaHUH aJrOPUTMA COIPSDKEHHBIX MPaJIMEHTOB UCIIOIb30BAJIOCH 4 IIPOLeccopa, TO KAKOE B 3TOM
Cllydae JOCTHIAeTCs TEOPETUUECKOE YCKOPEHUE:

3,1

1,5

0,3

28. Jlns pa3ouenus rpada Ha k gacteld B MeToIe OMHAPHOTO JEICHHUS JJIs PEIISHUS 3aJa9 ONTHMAIILHOTO pa3Jiene-
HUs TpadoB HEOOXOAMMO BBITIOTHUTD:

k-1 nenenue rpada monosam

k/2 nenennii rpacda mormoam

29. log2k nenennii rpada momoram

Tormonmorust moMHBIHN rpad CeTH KIACTEPHOW BEIUUCIUTEIFHON CHCTEMBI MOKET HMETh OTPAaHIUYCHHS Ha!
OJTHOBPEMCHHOCTH BBIMIOJHCHUSI KOMMYHHUKAIIMOHHBIX OTIEPAIUii

MaKCUMaJIbHBIN pa3Mep COOOIICHUH, OTCHUIAEMBIX IO CETH

KOJIMYECTBO IPOLIECCOPOB B CETH

30. ®yHKIHS OJIOKUPYIOIIETO OKUJAHKS 3aBepIIeHUsT oTHOTO oOMeHa B MPI Ha3bIBaeTcs:
MPI_Wait

MPI_ Waitall

MPI_Waitone

31. Tpu cxeMbl pacnapaUIeTUBaHUS AITOPUTMA OBICTPOH COPTUPOBKH PA3ITUIAIOTCSI:
CTpaTeruei BEI0Opa BEIyIIETO AIeMEHTa
Croco0OM PACCHUIKH BEIYIIETO AJIEMEHTa OCTALHBIM IIPOLIECCOpaM



cTpaTerueii BpIOOpa BEAYILIETO mporecca

32. I[J'Iﬂ OIIpEAC/ICHUS YyTjia TOBOPOTA B pCKYPCUBHOM MHCPLHHUOHHOM METOAC ACJICHHMS MOIMOJIaM IpH PCIICHNUH 3aaun
ONTUMAJIBHOTO pa3aCjICHUA I‘pa(l)OB, HCIOJIB3YCTC:

TJlaBHasA MHEPUUOHHAA OCb CECTU

KPHUBBIC HeaHo, IIOCTPOCHHBIC HA OCHOBAHWUHU CCTU

LCHTP MacCC DJICMCHTOB CETHU

33. ITox konnmeKTUBHBIME oniepanussMu B MPI monumarorcst:

oTiepaluy rmepeaadn JaHHBIMHU, B KOTOPBIX MPUHUMAIOT Y4acTHE BCE MPOIECCH UCTIONB3YEMOTO KOMMYHHKATOpa
oTiepaliuy HaJl TPYTITIaAMH MTPOILIECCOB

onepauuy HaJl KOMMYHHKaTOpamMu

34. B pe3ybTaTte BBITIOIHEHUS OJJHON HTEPAIUH MAPaLICIbHOTO ATOPUTMA OBICTPOI COPTUPOBKU HCXOAHOE MHOMXKE-
CTBO IPOLIECCOPOB Pa3AENAETCs Ha!

JIBA ITOJIMHOKECTBA MPOIIECCOPOB IO P/2 MPOIIECCOPOB B KAXKIOM U, TAKUM 00pa3oM, UCXOHBII N-MepHBIN TUICpKyO
TaKXKE OKa3bIBACTCs Pa3ICICHHBIM Ha J[Ba TUICpKy0a pasMepHocTH N-1

N MOAMHOXKECTB MPOIECCOPOB U, TAKMM 00pa30M, UCXOIHBIN N-MEpHBIH TUIIEPKYO TakKe OKa3bIBACTCS Pa3icieHHBIM
Ha N runepkyOoB MEHbIIIEH Pa3MEPHOCTH

JIBa TIOJIMHOKECTBA MPOIIECCOPOB TIO P/2 TMPOIECCOPOB B KAKIOM H, TAKUM 00pa3oM, NCXOTHBIH N-MEepHBIN rHIIEpKy0
TaK)Ke OKa3bIBaCTCsl pa3ieICHHBIM Ha JiBa TUIIEPKy0Oa pazMepHOCTH N/2

35. KoMOHHATOPHBIE METO/IBI PEIICHHS 3a/1a41 ONTUMAIBHOTO Pa3ieiieHus rpad)oB 0OBIYHO 00ECIIEUHBAIOT:
Gosee cOanaHCHPOBAHHOE pa3OUeHKE U MEHbIlee HH)OPMAIIMOHHOE B3aUMOICHCTBUE MTOTYUEHHBIX MMOJICETEH
MeHee cOaaHCHpPOBaHHOE pazdueHue u 00Jbliee HHOOPMANMOHHOE B3aUMOICHCTBUE MOTYUEHHBIX MMOJICETEH
Oosee ObICTPOE pEIICHUE MOCTABICHHON 3a1auu

36. Onepanus MUPOKOBEILATENIBHON PACCHUIKU JaHHBIX 9TO:

oTIepanys pacChUIKH 3HAYCHUH BEIYIIUM IIPOIIECCOM BCEM OCTABFHBIM IPOLIECCaM, BCE IMPOLIECCHI IOTyJaoT Pacchl-
JlaeMbIe JaHHBIC TICTMKOM

oTIepanys pacChUIKH 3HAYCHUH BEIYIIIM IIPOIIECCOM BCEM OCTAIBHBIM IPOIIECCaM, BCE MPOLIECCHI MOIyJaroT YacTh
MCXOIIHBIX TaHHBIX

oTIepanys PacCHUIKH Pa3IMYAOIIXCS 3HAYCHUH BEAYIIAM IIPOIIECCOM BCEM OCTAIBHBIM IpoIeccam

37. Anst noa/iep KKK yHopsiIOYEHHOCTH B XO/€ BBIIIOJIHEHHUS aJlrOpUTMa 0000LICHHON OBICTPOH COPTHPOBKH ITPOLIEC-
COPBI JOJDKHBI BHITOTHSTE:

OIIEpALMIO CIHMSIHUS YacTel OJ0KOB, TOJIydaeMbIX HOC/e 0OMEeHa JaHHBIX MEXAY MPOLIECCOpaMu

OIIepalMIO pa3AeIeHus YacTel OJIOKOB, MOJIYYaeMbIX TI0CIIE CIUSHUS

OIepalMIO BBIOOPA CPEHET0 IEMEHTA MOCIIE CIMSHUS YacTel OJII0OKOB

38. IIpoTskeHHOCTH pou3BoaHOTO THITa B MPI 310!

pa3mep naMATH B 0aifTax, KOTOPHI HY>KHO OTBOJIUTH IS OJHOTO 3JIEMEHTa PACCMAaTPHBAEMOTO THITA
gUCII0 6alTOB, KOTOPHIC 3aHUMAET OJIMH JJIEMEHT JaHHBIX PACCMaTPUBAEMOT0O THIIA

CMeIIeHHe TIepBOro 0aiiTa 3HaUeHUH paccCMaTPUBAEMOTO THIIA

39. H-BektopHbIit 1 H-HHACKCHBIH CIIOCOOBI CO3IaHMsI TAaHHBIX OTIIMYAOTCS OT BEKTOPHOTO M HHICKCHOTO CIIOCOOOB
TEM, 4YTO:

MHTEPBAJIbI MEXK]y OJIOKaMHU 3a7af0TCs B 0aliTax, a HE B QJIEMEHTaX MCXOJHOTO TUIA JaHHBIX

pa3pelaroT UCIO0IB30BaTh MOCIICAOBATCILHOCTD IEMEHTOB UCXOTHOTO THIIA, My KOTOPBIMU MOTYT OBITh OJIMHA-
KOBBIC IIPOMEKYTKHU TAMSTH

pa3pelaroT UCO0IB30BaTh PAa3HBIC TIPOMEKYTKHU TAMSATH MEXKITY OJIOKaMu

40. Tomonorus tumna Top B MPI sBisieTCS 9aCTHBIM BHIOM TOTIOJIOTHH THIIA:
JIEKapTOBOW TOTIOJIOTHH

rpada mpou3BOJHLHOTO BUIA

TIOJTHBIH Tpad

Bapuanm 2.

1. Yro mpeacraBusieT coboii task parallelism?

KOMOWHAIMS UCXOTHBIX BEIYMCICHUH B 00jIee KPYITHYI0 KOMIUICKCHYIO 3a1aqy

JIEKOMTIO3HITHS PEKYPCHBHON TIPOIIEAYPOH UCXOMHOM 3a7]a91 Ha HECKOJBLKO 00Jiee MEIKHUX

JEKOMITO3HIIHS JIMHEHHOH MPOIeIypoi MCXOTHOW 3a1a4l Ha HECKOJIBKO O0Jiee MEJIKUX CIIUSHIE OJHOTHIHBIX 3a7a4 B
0oee KPYIHYIO C TIOMOIIBIO PEKYPCUBHOM MPOIIETyPHI



2. HpI/IHIlI/IHI)I MOCTPOCHUA BBIYMCIIUTCILHOMN CETH JJ1A JOCTUXKCHUSA napamleana?
3. Yto nmoHuMaeTcs o4 MHOT'03aJa4YHbIM PEIKUMOM BbIINTOJIHCHHS HE3aBUCUMBIX yacTe HpOI‘paMMLI?

4. JIns KakvX MmapajielbHBIX aJrOPUTMOB 00paboTKa JaHHBIX TIPH PacTIpeIeIEHHBIX BRIYUCICHHUIX O0ojee dhdexTuB-
Ha?

5. Yto moHuMaeTCs 1Mo CYyIEPKOMITBIOTEPOM?

6. Kak Ha3wpIBaeTCs rpymnma KOMIBIOTEPOB, 00bEIMHEHHBIX B JIOKATBHYIO CETh M CIIOCOOHBIX PaboTaTh B KAUECTBE
€JIMHOTO BBIYUCIUTEIHLHOTO pecypca?

7. Yro Takoe "Beowulf"?
8. Tumnsl cucrem 1o kiaccudpukannu OauHHa.

9. Kaskziplii mporieccop napajiieibHON CHCTEMbI MOXKET UCIIONIb30BATh TOJIBKO CBOIO JIOKAIBHYIO AMSITh, B TO BpeMsI
KaK JUIs OCTYIa K JaHHBIM, PAaCIoJiaraeMbIM Ha APYTHUX MPOLECcopax, HEOOXOAUMO SBHO BBIMOIHUTH ONEPALIUH TIe-
penadn coodmenuii. O kKakoi cucTemMe HIET pedb?

10. Yto moHMMAETCS TIOJT TOTIOJIOTHEH CETH TIepeaadn JaHHbIX?

11. YacTHbIM ciiydaeM KaKO#l TOIOJIOTUH SIBIISICTCS TOMOJIOTHUS "THIIepKy0" ?

12. B xakoM ciydae Ba MpoLeccopa MMEIOT IPsIMOe COSAMHEHNE MEXY OO0 B TONOJIOTUH "TUIIEpKYO"?
13. Yto 03HaYaeT MOHITHE «CTOUMOCTbY?

14. Yto o3HAYaeT MOHATHE «ITHAMETP»?

15. Uto 03HaYaeT MOHATHE «CBSIZHOCTH)?

16. Yto mpeacraBisieT coO00H JEKOMITO3UIINS 33]Ja4H C TIOMOIIBIO TTApaurMbl "pa3esnsaid U BiacTByi"?
PEKypCUBHOE pa30HeHuUe 3ajaur Ha 00JIee MEIIKHE TOTO JKE TUIIA, BIUIOTH JIO JJIEMEHTAPHBIX
pa30ueHue 3a1a4u C IIOMOIIBIO TMHEHHON TPOLIEAYPHI

CJIMSHUC OJHOTHUITHBIX 337124 B 00Jiee KPYIMHYIO ¢ TOMOIIBI0 PEKYPCUBHON TPOLEAYPHI

OCECKOHEUHOE PEKYPCUBHOE pa3OUCHHME 3a1a4K Ha 00Jiee MEIKUE TOTO KE THIa

17. Kakoli THII BEIYMCIIMTENBHBIX 3a]1au Ha3bIBaeTcsl embarrassingly parallel?

3a/1a49¥, K KOTOPBIM He MPUMEHNMA MapajnrMa "pasaensi 1 Bi1acTByi"

3a1a4u ¢ GOJBIINM KOJIMYSCTBOM BHYTPEHHHUX CBS3EH

T00bIe 3aJa4H, BEIYUCIICHUE KOTOPBIX MOXKET OBITh PEaIM30BaHO C IIOMOLIBIO NTapalIebHOIO aAIrOpUTMa
3a1a4u ¢ GOJBIINM KOJIMYECTBOM BEIYHCIMTENBHBIX II0/[3a/1a4, HE MMEIOLINX 3aBUCUMOCTEH Mex 1y co0oit

18. B xakux ciaydasx Juist BRIMUCICHUH PUMEHsIeTCsl KOHBeHepHast oOpaboTka?

JaHHbIE MOCTYMAOT HEMIPEPBIBHBIM OJHOCTOPOHHHUM PETYISPHBIM OTOKOM

JIaHHBIC MTOCTYIAIOT B BUIE HECTAOMILHOTO JIBYCTOPOHHETO IIOTOKA

HaJl Ka&K/IbIM 3JIEMEHTOM M3 Habopa JaHHBIX HE0OX0AMMO MPOU3BECTH 00pPaObOTKY B HECKOJIBKO CTaIUN
JJaHHBIC TPUHUMAIOTCS OAHAXKBI M TPEOYIOT HHANBUIyIHOTO T10/1X0/1a K 00paboTKe U aHAIU3Y

19. B xakux ciy4asix JJisi BRIYUCICHUH TPUMEHICTCS] KOOPIUHAITUS HA OCHOBE COOBITHIA?

JTAaHHBIC ITOCTYTIAIOT B BHJIE PETYIIIPHOTO OJHOCTOPOHHETO MOTOKA

pUMEHseMast CTPYKTYpa JaHHBIX XapaKTepU3yeTCsl HeTPEICKa3yeMOCThIO0 B3aNMOICHCTBHS MEKIY CBOUMH COCTaB-
HBIMHU YaCTSAMH

HaJ K&KIBIM JIEMEHTOM M3 Habopa JaHHBIX HEOOXO0IUMO MPOU3BECTH 00PaOOTKY B HECKOJIBKO CTaIHMA
MPUMEHSETCS IBYCTOPOHHUH TTOTOK JaHHBIX

20. BeibepuTe METOIBI PEIICHUS C JIOKAIEHBIMU B3aUMOJICHCTBUSIME MEX]Ty MO3a1a4aMH.
Mmeton ["aycca-3eitnens

metox Red-Black

peaykius MeToaoM "pasnensii u BnacTByi"

METOJT Xa0THUECKOM pellaKkcaluu



21. Yto o3HavaeT TOT (PaKT, 4TO COOTHOIICHHE MEXKY BPEMEHAMH BBIYUCICHHUIA U CHHXPOHU3AIMH TPHOJINKACTCS K
€JIMHUIIE B HEKOTOPOU BHIYUCIUTENBbHOM cucTeMe?

BBIYUCIICHUS B 3TOM CHCTEME HENOCTaTOYHO 3P PEeKTUBHBI

TpeOyeTcs YBEJIIMUCHHUE 110133124

TpeOyeTcs TOTIOMHUTEILHOE pa3/iesIeHre TI0/13a/1a4 Ha 00Jiee MEITKHE

BBIYHCIICHYSI IPOU3BOATCS B ONTHMANILHOU (hOpMe U He TPeOYIOT JOTOJTHUTEIBHBIX MMPeoOpa3oBaHMiA

22. B KaKkux Ciy4asix JJIs BRIYUCICHUH IPUMEHICTCS THHAMUIEeCKOe TUTAHUPOBAaHKE ¢ OaTaHCUPOBKON HArpy3Ku?
YHCIIO [10/]33/1a4 HAMHOT'O OOJIbIIE YHCIIa MTPOLIECCOPOB

KOJIMYECTBO MPOLIECCOPOB B BHIYUCIUTEILHON CUCTEME MEHSIETCSI BO BpEMEHH

M0J[331a49H CHJIBHO Pa3InYar0TCs IO pa3Mepam

TpeOyeTcsl paBHOMEpHAs 3arpy3Ka MpoIecCOPOB, HO BEIYUCIUTEIbHAS CUCTEMA COICPIKUT PA3HOPOIHEIC IIPOIIECCOPHI

23. B xakux cirydasx JJis BBIMUCICHUAN TPUMCHSETCS CTATHYCCKOE TNIAHMPOBAHUE ¢ OATAaHCUPOBKOI HATPYy3KU?
YHUCIIO T0/[33/1a4 HAMHOTO OOJIBIIIE YHCIIA MPOIIECCOPOB

KOJIMYECTBO MPOIICCCOPOB B BEIYUCIUTEIILHOW CHCTEME MEHSICTCS BO BPEMEHHU

MEX/1y Mo/3a1a4aMy BOSHUKAIOT HECTPYKTYPHUPOBAHHbIC B3aUMOJICHCTBHS

TpebyeTcsi paBHOMEpHast 3arpy3Ka IpOLECCOPOB, HO BRIYUCIUTEIbHAS CUCTEMA COACPIKUT Pa3HOPOAHBIE MPOLIECCOPI

24. TIpousBenuTe 0O00CHOBAHUE MPEATIOYTHTEIHHOM (HOPMBI TIPEICTABIICHHUS AJITOPUTMA JIJISl OTITUMHU3AIIMY TIPOTpaM-
MbI BC, ympasisiemoii B kKaXxaoM Takte. [IpescTaBpTe MPeAnoOYTUTEIbHBIN PSJl pab0UnX KPUTEPHUEB, 10 KOTOPHIM
MPOU3BOUTCS BKIIOUCHUE «T'OTOBBIX» KOMaH] B (POPMHUPYyEMOE «IITUHHOE» KOMaHIHOE CJIOBO:

BKITIOYCHUE KOMAH/IBI B COCTaB «IJIMHHOT0» KOMaHHOTO CJIOBA OMPENCISCTCS MPEIOYTHTEIBHBIM PSIIOM KPUTCPH-
€B: MAKCHMYM BPEMCHH BBITIOIHCHUS, MUHUMYM MaKCHMAaJIbHOTO BPEMCHU HAa4yalia BBIIIOJHCHUS, MAKCHMYM 00beMa
MOCJEIYIONUX PadoT

MOJTHOE OTCYTCTBHE TOAOOHBIX KPUTEPUEB (HA3HAYCHUE B MOPSIKE CICIOBAHUS IPU aHAIM3E MOTOKA KOMAHI) CO-
KpalaeT BpeMsl TPaHCIISALUK, He MPUBO/ISI HA IPAKTUKE K 3HAYUTESIBHOMY CHIDKCHHIO Ka4eCTBa IPOTPAMMBI

B OOJIBIIIMHCTBE CIyYaeB JOCTATOYHO MOJB30BATHCS KPUTEPHEM Ha3HAUCHHUS 110 MAKCUMAaJIbHOMY BPEMEHH BEITIOIHE-
HUA omnepanui

BKITIOYEHNE KOMAH/IBI B COCTaB «NTMHHOT0» KOMAHJHOTO CJIOBA OTIPENENSIETCS MPEANOYTHTEIEHBIM PSIIOM KPUTEPH-
€B: MUHUMYM MaKCHUMaJIbHOTO BPEMEHH Hayaya BEITOJHEHHS, MAKCHMYM BPEMEHH BBIITOJTHEHUS, MAKCHMYM 00BbeMa
MOCIIEAYIOMUX padboT

25. 3anan Tpexmepublid maccuB A[0:10; 0:10; 0:10]. Axpec Hauana paBen 10 (B 1ecATHYHOMN cUCTEME CUUCIICHUS).
Haiinute anpec snemenra al4, 3, 4].

444

492

531

26. YBenuueHue BepIINH:

OTHOIIICHHE KOJIMYECTBA BEPIIMH B JJOTUUECKON U (PU3MIECKOM TOMOIOTHSIX

MaKCHMaJIbHOE KOJMYECTBO BEPIINH (PU3UUECKOM TOIOJIOI MM, HA KOTOpBIE OTOOpa)xkaeMast BEpIINHA JIOTUYECKOM TO-
MOJIOTUH

MaKCHMaJIbHOE KOJMYECTBO BEPIIMH JOTHYECKON TOMOJIOTHH, KOTOPbIE 0TOOPaXKAIOTCS Ha OJIHY BeplIuHy (husnde-
CKOH TOMOJIOTUH

27. B craTnueckoit cxeMme nepenavyn JaHHbIX:

MOMEHTHI ¥ YYACTHUKHA UHPOPMALMOHHOTO B3aUMOJICHCTBUS (PUKCUPYIOTCS Ha ATANax MPOSKTUPOBAHUS U Pa3padoT-
KU MapauiesIbHbIX TpOrpaMm

CTPYKTYypa olepalyu nepeaadn JaHHbIX ONPEIEIIIeTCs B X0/I€ BBITOJHAEMbIX BEIUUCICHUI

B3aMMOJICHCTBHS MOT'YT OBITh, KaK OTIPECIICHHBI Ha 3TaIre MPOSKTUPOBAHUS, TAK U OIIPEACIISATHCS B XOJI€ BBITIONHE-
HHS BEIYUCIICHUI

28. IIpuem coobmenuii mpu momommu ¢pyHkand MPI Recv MokeT OBITH OCyIIIECTBIICH:

0T JII000T0 ajipecara u ¢ Jr00bIM TEroM MPHU YKa3aHUH CIeUaIbHbIX 3HAUCHHI B KAYECTBE MapaMeTPOB BbI30Ba
byHKITIN

oT JIF000TO aapecara, OTHAKO, TET COOOIICHUS TOJKECH OBITh YKa3aH OJHO3HAYHO

OT OJTHO3HAYHO OMPEACIICMOro aipecaTa ¢ 3aJaHHBIM TEroM

29. PaccMoTpuM 3aauy NEpEeMHOXKEHUS MaTpHLbl Ha BekTop. IIycTh pazmep nepemHoxkaemoi matpunsl 100x100. Ha
. - 9
BBIUUCIIUTEIBHON CUCTEME BCE ONEPALH CI0KEHUS U YMHOXKEHHSI BBIIOIHSAIOTCS OJJUHAKOBOE BpeMs / < HCEK.



JlatentHocTn cetu & 40 peex. [Mpomycknas cnocobHocTh cett 60 MoaiiT/cex. JneMeHThl MaTPUIIBI UMEIOT
tun double u 3anuMmatotr w = 8 6aiit. Eciin ipu pacnapasuienBaHiM HCIIOIb30BaTh pPa3zeieHUEe MaTpPULbI Ha CTPOKH,
yeMy OyZeT paBHa TEOpPETHYECKas CTOMMOCTD NP HCIIOJIb30BaHUH 2 MPOLIECCOPOB:

200000000

01313412

221313412

30. PaccmoTtpuMm 3a7ady rnepeMHOKeHUS MaTpull. [1ycTh pazmep nepemaoxaemoit matpuiisl 100x100. Ha Berauciu-
TEJIBHOM CHCTEME BCE ONEPALNH CIOKCHUS H yMHOXEHIUSI BBIIOIHSIOTCS OJMHAKOBOE BPEMsi /. 2 neex. Jlatent-
HocTH cetn O 500 peex. [TpomyckHas criocoOOHOCTh CETH 7 50 Moaiit/cex. Di1eMeHTBl MaTPULIBI UMEIOT

tun double u B cucteme 3aHnMaroT w = 8 6aiiT. Ecim npu pacnapasuiesiMBaHuM NCTIONIB30BaTh anroput™ KeHHowa,
yeMy OyZeT paBHO TEOPETHUYECKOE YCKOPEHUE NPU MCIIOIB30BaHUH 4 MIPOLIECCOPOB:

2,5

1,5

1,17

31. PaccmoTpuM 3a7ady IMOMCKA PEIICHHUS CHCTEMBI IMHEHHBIX YpaBHEHHH. PasMep MaTpHIIbl CHCTEMBI TMHEHHBIX
ypaBHennii 10x10. Ha BEIYBCIUTENLHOM cHCTEME BCE OTIEpaIiy CJIOKEHUS M YMHOYKESHHUS BBITIOTHSIIOTCS OJTMHAKOBOE

BpeMst 7 2 neex. JlatenTnocTn cetn O 50 eex. [IpomyckHas criocoOOHOCTh CeTH ’ 60 Moaiit/cek. Drne-
MEHTBI MaTpPHIIbl CUCTEMBbI JIMHEHHBIX ypaBHeHUH uMetoT Tun double u B cucreme 3aHuMatoT w = 8 6aiit. Ecin npu
pacnapajuienuBanuu aaropurma ['ayca ncross3oBanoch 4 npoueccopa, To Kakasi B 3TOM CIIydae JOCTHIraeTcs Teope-
THYECKast CTOMMOCTb NapajuIeIbHOTO AJITOPUTMA!

1387870

2102751

1453075

32. B XyameM cirydae TpyJ0eMKOCTh OBICTPOH COPTUPOBKH OIICHUBACTCS BHIPAKEHUEM:
T ~ n?

1" ~ nlogan

1 ~ N 1.25

33. Kakast n3 npuBEJCHHBIX B JICKIIMU TOMOJIOTHH (IIPH OJIMHAKOBOM KOJIMYECTBE IPOLIECCOPOB) 00I1a1aeT HAMMEHb-
el CTOMMOCTBIO:

TOIIOJIOTUSI TTOJTHOE JIBOMYHOE JIEPEBO

TOIIOJIOTHS IByMEPHBIH peleTKa-Top

TOIIOJIOTHS TIOJTHBIN Tpad

34. 3amava pa3zesieHus] BEIYACIUTEIHLHOW CETH, Ha KOTOPYIO pa3duBaeTcst 001acTh 00pabaThIBAEMBIX TaHHBIX, MEXITY
MpOIIeCCOpaMH MOKET OBITh CBEIICHA:

K ITpo0JieMe ONTHMANILHOTO pasneneHus rpada

K 3aJ]a4e IMOMCcKa BCeX KpaT4alimx myTei

K 3aJ1aue HaXOXIICHHUSI MUHIUMAJIbHOTO OXBATHIBAIOIICTO JICPEBa

35. Kakue J0CTOMHCTBA U HEJOCTATKH UMEET aCHHXPOHHBIN MEXaHU3M Iepeladn COOOIICHUIT?
ACHMHXPOHHBIC MEXaHU3MBI TIEpeIadn, KaK MPaBUIIO, MOTYT MepeaaTh OOJBIINE CTPYKTYPHI JAHHBIX ObICTpEE
HEOJOKUPYIOIINE ONEPALUH MOTYT MO3BOJIUTH COBMECTHTH IPOIIECCH TIEPEIaUH JAHHBIX U BEIYUCICHUN
ACHMHXPOHHBIC MEXaHU3MBI TIepeay OOBIYHO MPUBOJIAT K MOBBIIICHUIO CIIOKHOCTH MTPOrPAMMHUPOBAHUS

36. [ToMrMO BBITIOTHEHUS SKCIIEPUMEHTOB B peXKUMe HMHUTAINH, B cucteme [lapaJlab mpemycMoTpeHa BO3MOKHOCTD
TIPOBE/ICHUS peabHBIX HKCIICPUMEHTOB B PEKUME YAAICHHOTO JOCTYIA K BEIUNCINTENIFHOMY KiacTtepy. Kakue Bo3-

MO>KHBI OTIEPAITIH ITOCTIC BEITIOTHEHHS PeabHBIX MapajlIeIbHBIX BEIUACICHHUI:

CPaBHHUTH PE3yIbTATHI U OIICHUTh TOYHOCTH MCIIOJIB3YEMBIX B CHCTEME TEOPETHICCKUX MOICICH BPEMEHH BBITIOHE-

HUS TTAPAJUICIBbHBIX aJITOPUTMOB

OCYILECTBUTh HACTPOMKY MapaMeTPOB YAAIEHHOTrO KlacTepa

HAaCTPOUTH NapaMeTphl MoJiesIel, ncroiib3yeMbix B cucteme [lapaJlad

37. HYCTI) B pemaeMoi/'I 3aJa4e MnmocjaeaoBaTejbHasa 4aCTb COCTABIACT UCThIPC CAUHUIIbI BDEMCHU, a 4aCTh, JOITyCKa-
omas JIMHEHHOE pacmnapajuieJInBaHue, MeCTh CAUMHUIIBI BDEMCHU. Ecnu ucnonp3oBath 3aK0H AMHaJISI, KakKas noctura-
CTCA 3(1)(1)€KTI/IBHOCTL, €CJIM UCIOJBb3YIOTCS TP BbIYHUCIIUTCIbHBIX 3JICMCHTA:

1/5

7/6



5/9

38. CocenHue BepIINHBI B KOJIBIIEBOH TONOJIOTHH OTOOpakaroTcst kogoMm I'pes:

Ha COCEIHHE MIPOLIECCOPHI B TUNEPKyOe

MPOLIECCOPBI, HAXOSIINECS HA PACCTOSIHUK He 0oJiee 4eM 2 eIMHUILIBI B TUIIEpKyOe
Ha COCEIHHE IPOLECCOPHI B TOPE

39. Dram pacupeaeneHUs NOA3aAad MEXITy MIPOIECCOPaMH SABISAETCS N3OBITOYHBIM, ECITH:

KOJIMYECTBO MO/33/]1a4 COBIMAAAET C YUCIOM MMEIOLIMXCS IPOLIECCOPOB, a TOMOJIOTHS CETH Mepeaadr JaHHbIX Mpe/-
cTaBisieT co00H MOTHBIN Tpad

KOJIMYECTBO M0/13a1a4 OOJIbIIE YHCIIa HMEIOIUXCS [IPOLIECCOPOB, & TOIOJIOTHS CETH MepeAadn JaHHBIX [IPEACTABIISCT
co0oi1 nonHeld rpag

KOJIMYECTBO MO/3a[a4 COBMAACT C YHCIIOM UMEIOIIHUXCS MIPOIECCOPOB, & TOMOJIOTHS CETH NIepeAavyn JaAHHBIX TIPEJI-
CTaBJIsIe€T COOOH rUnepKyo

40. Pexxum miepeiauu o TOTOBHOCTH MOKET OBITh HCIIOJIb30BAH TOJIBKO SCIIH:

orepanus IpueMa COOOIICHUS yKEe HHUIIMAPOBaHA

MIPY IOCTATOYHOM MAaJIOM pa3Mepe COOOIIeHMsI, MeHee pa3Mepa CUCTEMHOTo Oydepa

oreparys IpremMa cooOIICH s FAPaHTUPOBAHHO OyIET 3amylieHa M03/[Hee MOMEHTa Havasia repeadd CoOOIIeH s

Kpumepuu OUCHKU

Bup xonTpons MuHuManbHOE KOJINYECTBO MaxcuMalibHO€E KOJIUYECTBO
OayIoB OaJIOB

DK3aMeH 24 40
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