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HNuaukaropsl 10-

Jranbl (OpMHUPOBAHUSA B MPOLIECCE OCBOCHHS M CHUIIUHbBI

CTHIKEeHUsI KOMIIe- Jlexuun IIpakTuyeckue JlaGopaTopHbie KypcoBoii npoekTt HauMmeHoBaHHe olle-
TEeHUHHU 3aHATHUSA 3aHATHSA (padora) HOYHOTO CPeACTBA
IK-2.1 Paspensr  nuc- | He npenycMoTrpeH | Pazgensl  qucHuIuinHbl He mpenycmorpen PacuerHo-rpaduueckas
IUTITAHEL 1-2. | y9eOHBIM TUTaHOM 1-2. y4eOHBIM TIJIAHOM pabora, 1abopaTopHbIE
paboThI
IK-2.2 Paznensr nmuc- | He npenycMoTpeH | Pazaensl  THCHUIIIMHBI He npenycmotpen PacuerHo-rpaduueckas
IUTUTHHBL 1-2. | y4eOHBIM IIaHOM 1-2. y4eOHBIM TUTAHOM pabota, mabopaTopHbie
paboThI
IK-2.3 Paspensr  nuc- | He npeaycMoTpeH | Pazgensl  qucHuIuinHbl He mpenycmorpen PacuerHo-rpaduueckas
IUTIIAHGL 1-2. | y9eOHBIM TUTaHOM 1-2. y4eOHBIM TIJIAHOM pabora, 1abopaTopHbIE
paboThI
IK-3.1 Paznensr nmuc- | He npenycMoTpeH | Pazaensl  THCHUIIIIMHBI He npenycmotpen PacuerHo-rpaduueckas
UTUTHHBL 1-2. | y4eOHBIM IIaHOM 1-2. y4eOHBIM TTAHOM pabota, mabopaTopHbIe
paboThI
IK-3.2 Paspensr  nuc- | He npeaycMoTpeH | Paszgensl  quCHUIUIMHBI He mpexgycmorpen PacuerHo-rpaduueckas
IUTIIAHEL 1-2. | y9eOHBIM TUTaHOM 1-2. y4eOHBIM TIJIAHOM pabora, 1abopaTopHbIE
paboThI
IK-3.3 Paznensr nmuc- | He npenycMoTpeH | Pazaensl  IHCHUIIIMHBI He npenycmotpen Pacuerno-rpaduueckast
UTUTHHBI 1-2. | y4eOHBIM IIaHOM 1-2. y4eOHBIM TTAHOM pabota, mabopaTopHbIe
paboThI
I1K-4.1 Paspensr  nuc- | He npenycMoTpeH | Pazgensl  qucHuUIUIMHBL He mpenycmorpen PacuerHo-rpaduueckas
IUTUIAHEL 1-2. | y9eOHBIM TUTaHOM 1-2. y4eOHBIM TIJIAHOM pabora, 1abopaTopHbIE
paboThI
I1K-4.2 Paspensr  nuc- | He npenycMoTpeH | Pazgensl  qucHuUIuInHb He mpenycmorpen PacuerHo-rpaduueckas
IUTUIAHEL 1-2. | y9eOHBIM TUTaHOM 1-2. y4eOHBIM TIJIAHOM pabora, 1abopaTopHbIE
paboThI
IK-4.3 Paznensr  nmuc- | He npenycMoTpeH | Pazaensl  IHCHUIIIIAHBI He npenycmotpen Pacuetno-rpaduueckast
IUTUTHHBL 1-2. | y4eOHBIM IIaHOM 1-2. y4eOHBIM TUTAHOM pabota, mabopaTopHbIe

paboThI




Hepeuenb OUECHOUYHbIX cpedcme no 0ucuunﬂuue

OueHovHbIe cpeacTBA Koua-Bo Min, 6a/10B Max, 6a/u10B
(0a3oBbIii YpOBEHDb) (MOBBIIEHHBbIH YPO-
BEHb)
JlabopaTopnbie pabOThI 2 36 60
PacuerHo-rpaduueckue pa- 1 24 40

OOTEI




IlIkana OUCHUBAHUA
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BbIpaKeHHue
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Kpurtepuu oueHKN HHAMKATOPOB J0CTHKeHHs pH ¢opMe KOHTPOJIS:

3ayeT ¢ OLEHKOM
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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 OUEeHOUHO20 cpeo-
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. CBI TIO TEME
[lenp naGopaTOpHBIX 3aHATHHA: OCBOEHHUE|Tab0OpaTOpHOIL pa-
M3ydyaeMou y4eOHOM MUCHMIUIMHBI, MPUOOpe-|00ThI
TEHUE HABBIKOB MPAKTUYECKOTO MPUMEHEHUS
3HAHUN Y4EOHOM MMCIUIUIMHBI (JIUCITUTIINH)
C HWCIIOJIb30BAaHUEM TEXHUYECKHX CPEICTB U
(unu) 06opyI0BaHUS
2. |PacuetHo- CpencTBo pOBEpPKH yMEHUN MPUMEHATH Mo-|KomIuiekT — 3ana-
rpaduyeckaspa- |JIydeHHbIE 3HaHUS 110 3apaHee ONPE/ICTICHHOMN |HUil I BBITIOJIHE-
oota METOJMKE JJIsl pelIeHHs 3a/ad WM 3aJaHuil|HUs pacdeTHo-

10 MOJYJIIO WJIH JTUCIUIUIMHE B LIEJIOM.

rpaduyecko  pa-
00THI




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 09.03.02 «MupopmanoHHbIe CUCTEMBI M TEXHOJIOTHUNY

VY4ebnpiM m1aHoM 1o HampasieHuto moAarotoBku 09.03.02 «Mudopmarmon-
HBIE CHCTEMBI U TEXHOJIOTHUW» JIJIsi OOYJAIOIINXCS MPEAYCMOTPEHO MPOBEACHUE JIa-
O6opaTopHBIX paboT MO MUCHUTITHHE « T€XHOJIOTHH PaCTIPECICHHBIX CHCTEM.

Jabopamopnas paboma 1
[MapannensHOE TPOrpaMMUPOBAHKE JJIsl CHCTEM C OOINEH MaMsAThIOC UCIOIb30BaHUuEeM TexHoorun OpenMP.

Lean pagoThi: —M3y4uTh TexHoJoruio OpenMP 1 ocHOBBI pa3paGoTKu NapajliesibHBIX MPOrpamMM JIJIs
MHOT'OSI/IEPHBIX MPOLECCOPOB, HAMKMCATH H OTJAAUTh Ha si3bike C MapajuieJibHYI0 MPOrpamMMy /UIsl pelleHust
MOCTAaBJIEHHOH 3a1a4d Ha CHCTeMe ¢ 001Ieli MaMsAThIO.

1.1. OcHoBHEIe cBeneHust 00 OpenMP

Texnonorus OpenMP [10, 11] B HacTOsIIee BpeMs SIBJISIETCS. OJJHAM M3 HanOoJiee TOMYIJISPHBIX CPEJICTB I1a-
paJUICNIBHOTO NTPOTPaMMHPOBAHHMS JUISI KOMITBIOTEPOB € O0IIeH NMaMsAThio, Oa3upyoNnielcs: Ha TPaAULIHOHHBIX MOCiIe-
JIOBATEJIbHBIX S3bIKaX MPOrPaAMMHUPOBAHMS M HCIIOJIb30BAHUM CIELMAIbHBIX KOMMEHTapHeB. 3a OCHOBY Oepércs mo-
clleZloBaTeNbHAS MporpamMMa, a Ui CO3IaHus e€ MapajuieIbHOW BEpCHH MOJIB30BATENIO INPEIOCTaBIACTCS HAOOD
JTUPEKTHB, GYHKINK U TIepeMEeHHBIX oKpyxkeHus. TexHonorus OpenMP HameneHa Ha TO, 9TOOBI TOJB30BATENb UMEI
OIIMH W TOT € BapHaHT MPOTPaMMBI KaK Ui MapajuIeIbHOTO, TaK M JJIS TTOCIEI0BATEIHHOTO PEKUMA BBITIOTHEHHS.
[Tapamnemzm B OpenMP peanu3zyercs ¢ MOMOIIBI0 MHOTOITOTOYHOCTH. [IpH 3amycke mporpaMMbl CO3/IAeTCs €IUH-
CTBEHHBIN «TJIABHBIN» (master) MOTOK, KOTOPBIN 3aTeM co3faeT Habop «IOIYMHEHHBIX» (slave) MOTOKOB, U BBIYHCIIC-
HUS PacIpenesssioTcs] MeXIy BCceMH MoTokaMu. IIpenmomaraercsi, 9T0 MOTOKHM BBIONHSAIOTCS MapajuielbHO Ha Ma-
IIMHE C HECKOJIbKUMHM TpolieccopaMu (SApaMu), MPUYEM KOJIMYECTBO IPOLIECCOPOB/Alep HE 00s3aTENbHO JIOJDKHO
OBITH OOJIBIIIC WIIM PAaBHO KOJMYECTBY MOTOKOB. [IpyruMu clioBaMH, OTOKH NapauleIbHON IPOrpaMMbl MOTYT OObIY-
HBIM 00pa3oM KOHKYpHUPOBATh MEXIY COOOM 3a BpeMsl Ipolieccopa/sapa.

Baxupmm noctomHcTBOM TexHoiornn OpenMP sBisteTcss BO3MOXKHOCTD pealn3alidil TaK Ha3bIBAEMOTO HH-
KPEeMEHTAJIFHOTO MTPOTPaMMHPOBAHUS, KOTAa MPOrPAMMHUCT MTOCTEIICHHO HAXOAUT YYAaCTKH B IPOTpaMMe, COoaeprka-
e pecypc MapauieN3Ma, ¢ MTOMOIIBIO IPEIOCTABIIEMBIX MEXaHU3MOB JIefIaeT UX MapauleIbHBIMH, a 3aTeM Iepe-
XOJHT K aHAJIHM3Y CIEeTYIONINX yJacTKOB. Takum o0pazoMm, pacrapajuieIeHHbIe YYaCTKH ITOCTEIIEHHO OXBATHIBAIOT BCE
0OJBIIYI0 YacTh MPOTPaMMBL. DTOT MOAXO 3HAYUTEIHHO OOJEeTdaeT MpoIece aJalTallii MOCIeNOBaTEIBFHBIX MPO-
rpaMM K MMapauieIbHbIM KOMIBIOTEPaM, a TAKXKE OTIAJAKY ¥ ONTUMHU3AIMIO TPOTPAMM.

Mogens UCHONHEHHs MapauleIbHON NpOrpaMMbl, HMOATOTOBIEHHON c momouibto TexHonorun OpenMP,
MOXKHO C(OPMYIUPOBATH CIEAYIONINM 00pa3oM:

- IIporpamma comepkuT HaOOP MOCIETOBATEILHBIX U MIAPAIUIEIBHBIX 00J1acTel (MM CEKIMA UITH PETHOHOB).

- B HayanbHBIM MOMEHT BPEMEHHU CO3ACTCs TJIABHBIM IMOTOK, BBHITIOJHSIONIMNA BIOCIEICTBUNA BCE MOCIEI0-
BaTeJIbHBIE 00JIACTH TIPOTPAMMEI.

- Ipu BXone B mapajuiesibHy0 00JacTh TIIABHBIM IOTOKOM BHINONIHsACTCS oneparus fork, moposxaaromast co-
BOKYITHOCTh TIOAYMHECHHBIX OTOKOB. KaXkplii IOTOK MMEET CBOI YHUKAJILHBIN YHACIOBOW UACHTUPHUKATOD (TJIABHOMY
notoky cootBercTByeT 0). [Ipu pacnapasienvBaHuy [UKIOB BCE MapaJUICIbHBIC IOTOKU MCIOJIHSIOT OJUH U TOT XKE
KOJI, HO C pa3HBIMH JaHHBIMH. B 00I1IeM ciiy4ae TOTOKH MOTYT UCTIOJHATH pa3IndHbIe (pparMeHThl KOAa.



MNOJIHEHUE BCCX MMOTOKOB, KPOME I'JITaBHOTO.

- HpI/I BBIXOC U3 HapaHHeHLHOﬁ 00J1aCTH BCEMHM MTOTOKAMHU BEIIOJIHSIETCS ornepanunda jOiIl. 3aBepmaeTcsl BBbI-

Ha puc. 1. nponiutrocTpupoBaHo CO3JaHKE U HCIIOJNHCHHE ABYX MapaJuIebHBIX o0yacTeil. B mepBoit obmactu
BCE TIOTOKH MPHUXOJAT K MOMEHTY BBIXOJa M3 HEe IMPAKTUYECKU OJJHOBPEMEHHO, BO BTOPOIl — B pa3HbIC MOMEHTHI Bpe-
MeHHU (KAK IpaBuiio, 370 00Jiee COOTBETCTBYET PEATbHOM KapTHHE).

HOHOJI};I HTEJBHEIE TIOTOKH
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Puc. 1. Coznanue 1ByX napajiebHbIX peTHOHOB

OOBIYHO JIOMTYCKAETCsA BO3MOXKHOCTH 00pa30BaHUsl BIOKCHHBIX MapajUIebHBIX 00JacTel, KOria MOTOK, CO-
3IaHHBIN KaK JOMOJIHUTEILHBIA, CTAHOBHUTCS MAaster-moTOKOM JUIsi HOBOHM TapallIeIbHON 00JIacTH, KaK MOKa3aHo Ha
puc. 2.
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Puc. 2. Coz0anue 61024ceHHbIX RAPATTETLHBIX PESUOHO8

[Mox OpenMP moHMMaeTCsi COBOKYIHOCTD CJIEIYIONIINX KOMIIOHEHT

- I[I/IpeKTI/IBI:I KOMITUJIATOPA — UCIOJIB3YIOTCS AJIA CO34aHUs IIOTOKOB, paclpeaCIICHUSA pa60TBI MEXOY IOTO-



KaMU M X CHHXPOHHM3AIWHU. [[UpEeKTUBBI BKIIOYAIOTCS IIPOTPAMMHUCTOM B HCXOJHBIA TEKCT MPOTPAMMEL.

- TloamporpaMMbl OMOTUOTEKH BPEMCHH BBITOTHEHUS — UCIIONB3YIOTCS JJIsl YCTAHOBKU M OIIPEIICIICHUS aT-
puOyTOB MOTOKOB. BBI30BHI 3THX MOANIPOrpaMM BKITIOUAIOTCS MPOTPAMMICTOM B UCXOTHBIN TEKCT.

- IlepemeHHBIC OKPYKEHUS — HCIIONB3YIOTCS IS YIIPABICHHS TTOBEICHUEM ITapajuIeIbHOM nporpaMmel. [le-
PEMCHHBIE OKPY)KEHHS 3aIaroTCs UL CPEXbl BBIIOIHEHHUS MapauiebHONH MPOTPaMMBI COOTBETCTBYIOIIMMHU CpPE.-
CTBaMU OIEPALIMOHHOM CUCTEMBI.

Hcnonp30BaHue TUPEKTUB KOMITWIIATOPA U MOANPOrpaMM OUOIHMOTEKH BPEMCHHU BBIMIOJHCHUS TOIYUHICTCS
MpaBUIaM, KOTOPBIC Pa3IHYaroTCs IS Pa3HBIX SI3BIKOB MpOorpaMMupoBaHus. COBOKYITHOCTh TAKHX MPABUII JUISL OJHO-
To SI3bIKa MPOTPAMMHPOBAHUS HA3bIBACTCS MPUBA3KOW K s3bIKy. Texnomorus OpenMP co3nmaHa W MOIIepKABaeTCS
st si3p1koB C, C++ u Fortran. B atoit maboparopHoit pabote mpeamnonaraeTcs ncnoib3oBanue s3pika C/C++ B cpene
paspabotku Microsoft VisualStudio (Hauunast ¢ Bepcun 2005). Iy Toro, 9ToOB €€ KOMITUIIATOP HYXKHBIM 00pazoM
pearupoain Ha aupekTuBsl OpenMP u cTpom napamiensHyI0 MporpaMMmy, B KOMaHIHYIO CTPOKY €ro 3aIrycKa JOJDK-
Ha OBITH BKJIFOUEHA OMIHS /openmp (HampuMmep, myTeM BkirodeHus duaxka «OpenMPsupport» B cBOHCTBaX MpoeKTa
Ha 3axagke Configurationproperties\C/C++\Language).

Jlst Toro, uToOBI B iporpamme Ha si3bike C/C++ cTamu TOCTYIHBI BO3MOXKHOCTH TexHoorun OpenMP, B Hee
HY)KHO BKJIFOUMTH 3aroJIOBOYHEINH (haitn omp. h:

#include <omp.h>

Ecmm 9Ty nporpamMmmy TpaHCJIUPOBATH KOMITWIATOPOM, HE MOAACPKUBAIOIIUM TEXHOJIOTHUIO OpenMP, TO OHa
6y,ueT MOCTPOCHA B 0OBIYHOM IocCJIC10BATCIIbHOM (OHHOHOTO‘IHOM) BapUAHTC, MOCKOJIbKY BCC JUPCKTHUBLI, 3a1at0IUC
pacnapaiyicinBaHue, 0(1)OpMJ'I${IOTCH B BHU/JIC TaK Ha3bIBACMbLIX IIparm (peKOMCHHaHHﬁ), " IpOCTO UTHOPUPYIOTCA Ta-
KUMH KOMITHJIATOPaMHU.

B mporpammax Ha s3pike C/C++ Bce mparmbl, iMeHa QYHKIMA U TIEpeMEHHBIX okpyxeHuss OpenMP naun-
HAIOTCS CO CTPOKH «omp». DopMar TUPEKTUBBL:

#pragmaomp oupexmusa [onyus_1[, onyusa 2, ...]]

Kaxxiast mupekTuBa BMECTE CO BCEMH €€ OMIMAMU 00sI3aTEIbHO JIOJDKHA 3aHUMATh POBHO OJHY CTPOKY TEK-
cta. JIeWiCcTBHE HEKOTOPBIX JAUPCKTHB PACIPOCTPAHICTCS TOJIBKO HAa OAHMH oreparop (Wi OJIOK ONepaTopoB, 3aKIIkO-
YCHHBIX B (PUTYpHBIC CKOOKH), HEOCPEICTBEHHO CICAYIOIIMI 32 TUPEKTUBOW B TEKCTE MPOTrpaMMbL. J[ns Takux nu-
PEKTUB OYIeT yKa3aH

<cmpykmypuwiil 010K K0Oa™.
ITepeuens aupexkTuB OpenMP BriTIOUaeT B ceds:

1. JlupexTrBa 3aJaHus MapajuIeIbHO BBITIOTHIEMON CEKITHH:

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

C IIOMOIIBIO OHIIPII7[ ITOH JUPCKTHUBBI MOKHO YKa3aTh:

— TpeGyeMoe KOJIMIEeCTBO MOTOKOB N (num_threads(n));
— YCJIOBHE, TIPH KOTOPOM IapajijiesibHast 00JacTh NIEHCTBUTENBHO co3naercs (if(yciosue));
— CTHCOK OOIINX MEPEMEHHBIX JUIS BCEX MIOTOKOB TaHHOW ceKimH (shared(cnucox nepemennuix));



— CITUCOK NEPEMCHHBIX, KOTOPBIC OyIyT JIOKAILHBIMU B KaXKJIOM IOTOKE CEKIUH (private(cnucox nepemen-
HbIX)), IPUYEM HX HAYaJIbHBIC 3HAUCHHS HE OyIyT ONMPEICIICHBL;

— CITUCOK MEPEMCHHBIX, KOTOPBIC OyIyT JIOKAILHBIMU B KaXKIOM MOTOKE ceKuuu (firstprivate(cnucox nepe-
MEHHbIX)), IPUIEM B KAQUYCCTBE UX HAYAIBHBIX 3HAYCHHUU OYIyT YCTAHOBJICHBI 3HAYCHUS OJHOMMCHHBIX MEPEMEHHBIX
U3 TJIABHOTO MOTOKA;

— cmnoco0 Ha3HaueHHA Kiacca naMsT default(shared|none) BceM mepeMeHHBIM OTOKOB, KOTOPBIM KJlacc 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 MOTryT Ha3HauaThCs KIACCHI private U firstprivate,

— CITMCOK NEPEMEHHBIX, OOBSIBICHHBIX TUPEKTUBOH threadprivate (CM. HIDKE), KOTOPBIC TIPY BXOJIE B Mapal-
JIETbHYIO CEKINI0 MHUIMATN3UPYIOTCS 3HAUEHUSIMHU COOTBETCTBYIOLIMX MEPEMEHHBIX B TOTOKE-MaCTepe;

— OMepaTop CBEACHHS U CIUCOK OOIIUX MEPEMEHHBIX reduction(onepamop : CnuCOK nepemMenHbX); 1T Kaxk-
JIOW YKa3aHHOU B CIIMCKE TIEPEMCHHOW CO3[AI0TCS JIOKAIBLHBIC KO B KaXKJIOM IOTOKE; JIOKAbHbIC KOITUM WHHIIHA-
JU3UPYIOTCS COOTBETCTBEHHO TUIY ONepaTopa (Ui aJIUTUBHBIX OMEPAIMi HOJb WM €r0 aHAJIOTH, JUIS MYJIbTHUILIU-
KaTUBHBIX OMNEpalii enuHHIA Wik ¢ aHAJIOTH), HaJl BCEMHU JIOKAJbHBIMH KOMHUSAMH KaXKIOW MEPEeMEHHOW MOocie
3aBepIICHUS MapaUICIbHON CEKIUU OYAeT BBITIOJIHEH 3aJJaHHBIN OMEepaTop CBEICHUS, Pe3y/IbTaThl Oy IyT 3aHECCHBI B
OJTHOMMEHHEIC O0IIIE ICPEMCHHBIC; B KAYECTBE ONepaTopa MOKHO yKa3bIBaTh: +, — *, &, |, ", &&, ||.

2. ﬂI/IpCKTI/IBa OIpEAC/ICHUA LUKIIA, UTCPpALIMU KOTOPOI'0 HYKHO PACIPCACIIUTL MCKAY MMapalyICIbHO BBIIOJ-
HACMBIMHA ITIOTOKAMM:

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

C ncnop30BaHUEM ONIUH TUPEKTUBHI for MOKHO yKa3aTh:

— CIHCOK IIEPEeMEHHBIX, KOTOpBIC OYAYT JIOKAIbHBIMU B KaXXJIOM IOTOKE CEKIMU (private(cnucox nepemen-
HbIX)), IPUYEM HX HAYaJbHBIC 3HAUCHHS HE OyIyT ONMPEICIICHBL;

— CIHCOK IEPEMEHHBIX, KOTOpBIE OYAYT JIOKaJIbHBIMU B KaXJOM IIOTOKE ceKuuu (firsiprivate(cnucok nepe-
MEHHbIX)), IPUIEM B KAQUYCCTBE UX HAYAIBHBIX 3HAYCHHUU OYIyT YCTAHOBJICHBI 3HAYCHUS OJJHOMMCHHBIX MEPEMEHHBIX
U3 IJIaBHOTO MOTOKA;

— CIHCOK TIEPEMEHHBIX TJaBHOTO TOTOKa (lastprivate(cnucox nepemennvix)), KOTOPBIM OyIyT MPUCBOCHBI
3HAYEHHS, TOJYICHHBIE [IPU BBITIOIHEHNUH MOCIIEAHEH UTEPALNH LUK,

— OIepaTop CBEACHHS U CIUCOK OOIIUX MEPEMEHHBIX reduction(onepamop : CnuCOK nepemMenHblX); 1T Kaxk-
JIOM yKa3aHHOH B CITHCKE NMEPEMEHHOMN CO3Jaf0TCsl JIOKAIbHbBIC KOMHH B KAXK/OM MOTOKE; JOKAIbHBIC KOMUH HHUIIHA-
JIM3UPYIOTCSI COOTBETCTBEHHO THUITY OrepaTopa (st aJIMTUBHBIX OMEPALUi HOJIb WK €r0 aHAJIOTH, JJISl MYJIbTHILIH-
KaTUBHBIX OMNCpalii eIuHHIA Wik ¢ aHAJIOTH), HAaJl BCEMHU JIOKAJbHBIMH KOMHUSIMH KaXKIOW MEPEeMEHHOW MOocie
3aBepIICHUS MapaUICIbHON CEKIUU OYAeT BBITIOJIHEH 3aJJaHHEIN OMEepaTop CBEICHUS, Pe3yIbTaThl Oy IyT 3aHECCHBI B
OJTHOMMEHHBIE O0IIHe TIEpPEMEHHBIC; B KaYeCTBE OllepaTopa MOXKHO yKas3bIBaTh: +, —, *, &, |, , &&, ||;

— cmnoco0 pacnpenesieHHsT MTepaluil IMKJIa MeXIy IOTOKaMH MNapajulelnbHOW cexumu (schedule(type/,
chunk])); napameTp chunk 3TOW ONIMK ONpeNeNseT KOJINYECTBO UTEPALIUil Ha OMH MOTOK (10 yMosdaHuio 1), mapa-
METp fype YKa3bIBACT THII PACIIPEICICHHS U MOXKET UMETh 3HAUCHHUS:

§ static — cTaTHYECKUH, T. €. TIPU KOMIWISIINH,

§ dynamic — TMHaMWUYECKUH, T. €. IPH BBHITTOJIHEHUH,

§ guided - nuHAMHUYECKUiT C YMEHBIIICHHEM KOJIMYECTBA UTEPAIMii HA OTOK OT HA4aJIbHOTO, OIPEIeISIeMOro
aBTOMATHYECKH, 10 3HaYeHus chunk,

§ auto — cnocob pacmpesenieHus] BBIONPAEeTCS KOMITMISITOPOM HIJTH UCTIOJTHSIONIEH CUCTEMOH,

§ runtime — crioco0 pacrpeeNeHus 3a/1aeTCsl CIeMaIbHON epeMEHHOI OKPY)KEHHS OTIEPallIOHHON CHUCTe-
MBI

— BO3MOXHOCTH (onuust ordered) NOSIBIEHUS B TeJE LIUKJIA TUPEKTUBBI ordered, KOTOpas TpeOyeT UCIIOIHE-
HHS OXBAUYE€HHOTO €10 0JIOKA OIepaTOpOB B TOYHOCTH B TOH )K€ MOCJIEA0BATEIILHOCTH, KaKasi peau3yeTcsl B IoCiIe0-
BaTEILHON BEPCUM JAHHOTO LIUKJIA;

— oTMeHy (nowait) HesIBHOM OapbepHON CHHXPOHHM3ALMH ITOTOKOB, JOCTUIIINX KOHIA BBINOJHEHUs CBOCH
4YacTH UTepauuii nukia (Mpu OTCYTCTBUU 3TOW OMIMH YYACTOK MPOrPaMMBI MOCIIE MK OYAET BBIIONHATHCS TONBKO
TOI'/1a, KOT/Ia BCE TIOTOKH BBIMOJHAT BCE CBOM UTEPALIUH;

— IIyOWHY N BIIOXKEHHBIX APYT B JApyra MUKIOB (collapse(n)), MpOCTPAHCTBO UTEpAIIUil KOTOPHIX TIOICKUT
pacnpeeNleHuIo MeX Iy apauieIbHBIMU MTOTOKaMH (JIOCTYITHO TOJIBKO B peanu3anuu 2.5 Texnosorun OpenMP);

JupexTussl parallel v for MOXHO OOBEIUHATH B OJHY AMPEKTHBY, B KOTOPOH MOYKHO YKa3bIBaTh OIIIMH KaK
TIUPEKTHUBEI parallel, Tax M TUPEKTUBHI for:

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



3. ﬂI/IpCKTI/IBa, YKa3bIBaromias Ha H€06XO,HI/IMOCTI> HCIIOJIHCHHS OXBAaThIBAEMOTI'0 €10 Y4aCTKa 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. JlupexTHBa 3a7aHus 00JIACTH HEIUKINIECKOTO Mapayienn3Ma (y9acTKA CTPYKTYPHOTO OJIoKa Koja, KOTOo-

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,

HMCHOIIHUE B TOYHOCTH TaKOM )K€ CUHTAKCHC M TOT XK€ CMBICJI, YTO U Yy L[I/IpeKTI/IBBIfOI".

5. I[I/IpeKTI/IBa OIIPEACJICHUA YHaCTKa HCUKIIUNYECKOro KoAa AJisk OAHOI'O MOTOKaA:

#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. I[I/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. JlupekTrBa CO3MaHUs OTIEIHHONW HEe3aBUCUMOM 3a1aun (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 3
PacnapaiienMBaHre BEIYHCICHUN IPY YUCIICHHOM PEIICHUH aHAIMTHYCCKUX 3a1ad.

Heab padoThl: —M3yYUTH METOAbI H AJITOPUTMBI Pa3padoTKH NapaJuieIbHBIX MPOrPaMM ISl pelieHust
3a/1a4 YHCJIEeHHOro TuddepeHUPOBaAHNS, HHTErPUPOBAHHUSI, MO/IEJTUPOBAHNS.
B naGopatopHoii paboTe HYy>KHO pa3paboTaTh HapauieIbHYI0 IPOTrpaMMy ISl PeIIeHHS 3a1ad:
1. Yucnennoe nuddepeHupoBanue.
2. YucneHHoe HHTETPUPOBAHUE.
3. YucneHHOE MOJIENIUPOBAHUE.
MeTomBI 1 aITOPUTMBI IS PEIICHUS BRIOMPACTCS CTYICHTOM CaMOCTOSITEIBHO.

Kpumepuu oyenku

Bun xouTpons MuHUManbHOE KOJIUYECTBO MaxkcumanbHO€E KOJTUYECTBO
OaJUI0B OaJUI0B
JlaGopatopnas pabora 1 18 30

JlabopartopHnast pabota 2 18 30

Hroro 36 60




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

BBICHICTO O6pa3OBaHI/IH

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

dakynpTeT HHPOPMAITMOHHBIX TEXHOJIOTHIA
Kadenpa napopManimoHHBIX CUCTEM U TEXHOJIOTUI

Hanpasnenue noarorosku 09.03.02 «MupopmanoHHbIe CUCTEMBI M TEXHOJIOTHUNY

Komriekt 3aganuii 17151 BEINOIHEHUS pacdeTHO-TpaduaeckuxpadoT
0 JUCHUIUIMHE « T€XHOJIOTnH pacupeaeIeHHbIX CUCTEM)

Peanu3oBaTh Ha A3bIKE BHICOKO YPOBHSI:
1. Tubpumnyto apxurekrypyNUMA.
2. PVP- apxurexrtypy.

Kpumepuu OUCHKU

Bup xonTpons MuHIMAaITEHOE KOJTHYSCTBO MakcuManbHOE KOJIHYECTBO
0asIoB 0asIoB
PacuetHo-rpaduyeckas pabora 24 40
HToro 24 40
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