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Hepeqeub Komnemeuuuﬁ u undul(amopoe 00CMUIICCHUA Komnemelmuﬁ C yKasanuem smanoe dmpmupoeauuﬂ 6 npoyecce 0C60eHuA ouc-
UuniuHsvl

Komnerenrusi:
[1K-2. Ciocoben obecnieunTs HHGOPMAITMOHHYIO 0€30IMaCHOCTh Ha YPOBHE 0a3 TaHHBIX
WHanKaTophl JOCTHKEHUSI KOMIETEHIIUH:
[1K-2.1 3Haet yrpo3sl 6e30macHOCTH 0a3 TaHHBIX, CTOCOOBI MPEIOTBPAIICHHS
[1K-2.2. YMeeT BBISBIATH YTPO3bl 0€30MaCHOCTH Ha YPOBHE 0a3 TaHHBIX
[1K-2.3. Baneer HaBpIKaMu IPUMEHEHUS CITOCOOOB MIPEAOTBPAIIEHUS YTPO3 OE30MaCHOCTH Ha YPOBHE 0a3 JaHHBIX
Komnerenrusi:
[1K-3. CrtocoOeH BBIOJHATH PaOOTHI U YIPABIATh padOTaMU MO cO3/1aHuI0 (MoaudUKaIK) U conpoBokaeHuio MC, aBToMaTu3upyomux 3a-
Jlauu OpPraHU3allMOHHOTO YIIPaBJICHUS U OU3HEC-TIPOLIECCHI
WuaukaTopbl JOCTHKEHHUS] KOMITETEHIIUU:
[1K-3.1. 3HaeT HHCTPYMEHTHI U METO/bI MPOEKTUPOBaHUS apXUTeKTyphl C, ycTpoHCTBO, (YHKIIMOHHUPOBAHNE BEIYUCIUTEIBHBIX CUCTEM H CO-
BpeMeHHbIX MC, aBTOMaTH3MPYIOLIUX 3a/1a4l OPTaHU3allMOHHOTO YIIPaBIeHUs U OU3HEC-TIPOLIECCHI
[1K-3.2. YMmeer npoektupoBaTh apxutekrypy MC, ananu3upoBath BXOJHYIO HH(OpPMAIIHIO, pa3padaThiBaTh CTPYKTYpy 0a3 JaHHBIX, aBTOMATH-
3UPYIOIIKX 337a4l OPraHU3allMOHHOTO YIpaBlIeHUs U OU3HEC-TIPOLIECCHI
[1K-3.3. Bnageer HaBbIKaMu MpOEKTUpOBaHUs apXuTekTypsl UC, cTpykTypbl 6a3 naHHBIX, paboThl coBpeMeHHbIX MC, aBTOMaTH3MpYIOMUX 3a-
JTauy OPraHU3alMOHHOTO YIIPaBICHUS U OM3HEC-TPOIIECChHI
Komnerenrusi:
[1K-4. CiocobeH aiIMMHUCTPUPOBATH CETEBYIO MOACUCTEMY HHPOKOMMYHUKAIIMOHHON CUCTEMBI OPTaHU3aIUN
WMHanKaTophl JOCTHKEHHUSI KOMIETEHIIUH:
[1K-4.1. 3naeT o0mue NpUHITMIE (YHKIIMOHUPOBAHUS alllapaTHBIX, MPOTPAMMHBIX W MPOrPaMMHO-AIapaTHRIX CPEJCTB aAMUHUCTPUPYEMOI
CEeTH
[1K-4.2. YMeeT ucroan30BaTh COBPEMEHHBIE CPEICTBA AIMUHUCTPUPOBAHUS 0a3 TaHHBIX
[1K-4.3. BnaneeTr HaBbIKaMH aIMUHUCTPUPOBAHHSI CETEBOM CUCTEMBI M TPOrPAMMHOT0 oOecieueHusi HHPOKOMMYHHKAIIHOHHON CHUCTEMBI.



Nuaaukaropsl

Jranbl GopMHPOBAHHS B Npolecce 0CBOCHHUS THCIUNIHHBI

JOCTHKEHUS Jeknun IIpakTuyeckue JlabopaTropHble Kypcosoii npoekTt HaunMeHoOBaHue ole-
KOMIIeTEHIIUH 3aHATHSA 3aHATHSA (pabora) HOYHOI'0 CPeJICTBA

MK-2.1 Paznener nmuc- | He NpeaycMoTpeH | Pazmenbl  IUCHMIUIMHBI He npenycmotpen PacuetHo-rpadguueckas
UIUTAHBI 1-2. | y4eOHBIM TIIaHOM 1-2. y4eOHBIM TIJIAHOM pabota, mabopaTtopHbie

paboThl
MK-2.2 Pasgensr  nuc- | He IpeaycMOTpeH | Pasgensl  AuCHUIUIMHBI He npeaycmorpen PacuerHo-rpaduueckas
IUTUTAHGI 1-2. | y9eOHBIM TIJIaHOM 1-2. y4eOHBIM TIJITAHOM pabora, 1abopaTopHbIE

paboThI
IK-2.3 Paznener nmuc- | He MpeaycMoTpeH | Pazmenbl  IUCIMIUIMHBI He npenycmotpen Pacuerno-rpaduyeckas
UIUTAHBI 1-2. | y4eOHBIM TIIaHOM 1-2. y4eOHBIM TIJIAHOM pabota, mabopaTtopHbie

paboThl
IK-3.1 Pasgensr  nuc- | He IpeaycMOTpeH | Pasgensl  AuCHUIUIMHBI He npeagycmorpen PacuerHo-rpaduueckas
IUTUTAHEI 1-2. | y9eOHBIM TIJIaHOM 1-2. y4eOHBIM TIJITAHOM pabora, 1abopaTopHbIE

paboThI
IK-3.2 Paznener nmuc- | He NpeaycMoTpeH | Pazmenbl  TUCHMIUIMHBL He npenycmotpen Pacuetno-rpaduyeckas
IUIUTAHBI 1-2. | y4eOHBIM TIIaHOM 1-2. y4eOHBIM TIJIAHOM pabota, mabopaTtopHbie

paboThl
IK-3.3 Pasgensr  nuc- | He IpeaycMOTpeH | Pasgensl  AuCHUIIMHBI He npeaycmorpen PacuerHo-rpaduueckas
IUTUTAHEI 1-2. | y9eOHBIM TIJIaHOM 1-2. y4eOHBIM TIJITAHOM pabora, 1abopaTopHbIE

paboThI
IK-4.1 Paznensr nmuc- | He NpeaycMOTpeH | Pazmenbl  IUCIMIUIMHBI He npenycmotpen PacuerHo-rpadguueckas
UIUTAHBI 1-2. | y4eOHBIM TIIaHOM 1-2. y4eOHBIM TIJIAHOM pabota, mabopaTtopHbie

paboThl
[1K-4.2 Paznener nmuc- | He npeaycMoTpeH | Pazmenbl  TUCHMIUIMHBI He npenycmotpen Pacuetno-rpaduyeckas
UIUTAHBI 1-2. | y4eOHBIM TIIaHOM 1-2. y4eOHBIM TIJIAHOM pabota, mabopaTtopHbie

paboThl
I1K-4.3 Pasgensr  nuc- | He IpeaycMOTpeH | Pasgensl  AuCHUIUIMHBI He npeagycmorpen PacuerHo-rpaduueckas
IUTUTAHGI 1-2. | y9eOHBIM TIJIaHOM 1-2. y4eOHBIM TIJITAHOM pabora, 1abopaTopHbIE

paboThI




Ilepeuensv ouenounvix cpedcme no oucyuniune

OueHo4YHbIE CpeCcTBA Koia-Bo Min, 6aay0B Max, 6a10B
(0a30BbIi YPOBEHbD) (MOBBIIEHHBIH YPO-
BEHb)
JlaGopaTopHble pabOoThI 2 36 60
Pacuerno-rpaduueckue pa- 1 24 40

0OTHI




HlIkana oyenusanusn

Indposoe
BbIpaKeHHne

BbipakeHue B
0aJsax:

CioBecHoe
BbIpPa:KeHHe

Kpurtepuu onieHKH HHIMKATOPOB J0CTH:KeHHs pH ¢opMe KOHTPOJISA:

3ayeT ¢ OLEHKOM

5

87 -100

OTiIu4yHO

OLICHKa «OTJIMYHO» BBICTABIACTCA CTYACHTY, €CJIIM TCOPECTUICCKOC COACPIKAHNUEC KypCa OCBOCHO IMOJIHOCTBIO, 0e3 npo-
6€J'IOB; HCYCPIIBIBAIOLIC, TTOCICAOBATCIILHO, YCTKO U JIOTUYCCKU CTpOﬁHO n3jaracT MaTcpuai; CB06OI[H0 CIIPAaBJIACTCA C
3agad4aMu, BOIIpoCcaMu U JPYyIruMH BUJaMU ITPUMCHCHUA 3HaHHI>'I; HCIIOJIB3YET B OTBETC JIOTIOJTHU TS TLHBIN Marepuall BCC
peaAYCMOTPECHHBIC HpOFpaMMOﬁ 3aJJaHHs BBITIIOJITHCHBI, KAYCCTBO UX BBIIIOJTHCHUA OLICHCHO YU CIIOM 6aJIJIOB, OJIM3KUM K
MAaKCUMAJIbHOMY; aHAJIM3HUPYCT NOJYYCHHBIC PC3YJILTATLI, ITIPOABIIACT CAMOCTOATCIILHOCTL IPH BBIITOJIHCHUN 3aJlaHul

74 - 86

Xoporio (

OreHKa «XOPOIIIO» BBICTABIIACTCS CTYACHTY, €CJIM TEOPETHYECKOE COJIEPIKaHUE Kypca OCBOCHO MOJTHOCTBIO, HE00XO-
JIMMBIE MTPAKTUYECKUE KOMIIETCHIINK B OCHOBHOM c(hOPMHPOBAHBI, BCE MPEAYCMOTPEHHBIC IPOTPaMMON 00yIeHHSI
y4eOHbIe 33J]aHHS BEITIOHEHBI, KAYECTBO UX BBIMIOJHEHUS JIOCTATOYHO BbhIcOKoe. CTYACHT TBEP/IO 3HAECT MaTepHall,

TPaMOTHO M MO CYIIECTBY U3JaraeT ero, He I0MycKas CYIECTBEHHBIX HETOYHOCTEHN B OTBETE HA BOIPOC.

60 -73

VY noBieTBO-
PHUTEITHHO

OreHKa «yIOBIETBOPUTEIBHOY BBICTABISIETCS CTYEHTY, €CITH TEOPETUIECKOE COAepKaHNe Kypca OCBOSHO YaCTHIHO,
HO MPOOEINBI He HOCAT CYIIECTBEHHOTO XapaKTepa, OOIBIINHCTBO MPEIyCMOTPEHHBIX MPOTPaMMO 3a1aHUi BBITIOIHE-
HO, HO B HUX UMEIOTCS OIIMOKH, TIPYU OTBETE HA MMOCTABJICHHBIN BOIIPOC CTYACHT JAOIYCKAeT HETOYHOCTH, HEJIOCTATOYHO
MPaBWILHBIC (HOPMYITUPOBKH, HAOTIOAAOTCS HAPYIICHUS JIOTHYECKON TTOCIIEIOBATEILHOCTH B U3JI0KECHUY TIPOTPaMM-
HOTO MaTepuaa.

Hwuxe 60

Heynosnerso-
pUTEIBHO

OI_ICHKa «CHCYOOBJICTBOPUTCIIBHO» BBICTABIACTCA CTYACHTY, €CJIM OH HE 3HACT 3HAYUTEILHON 9aCTH ImporpaMMHOI0 Ma-
TCpHajia, TOIYCKACT CYIICCTBCHHLIC OH.II/I6KI/I, HCYBCPCHHO, C OOJBIINMU 3aTPYAHCHUSAMU BBITNIOJIHACT MPAKTUYCCKUC
pa60TI:I, HCO6XOI[I/IMI>IC MPAKTUYICCKUC KOMIICTCHIIUN HE C(l)OpMI/IpOBaHBI, OOJIBIIMHCTBO npeaAyCMOTPCHHBIX MTpOrpam-
MO O6yT-IeHI/I§I y‘IC6HBIX 3aJlaHui He BBITIOJTHCHO, Ka4YCCTBO HMX BBIIIOJTHCHHSA OIICHCHO YK CJIOM 6ann013, OJIM3KUM K MH-

HUMAJIbHOMY




KpaTkasi xapakTepucTiHKa olleHOYHbIX CpeACTBA

Ne | Haumenosanue| Kpamkasa xapakmepucmuka oyenounozo | Ilpeocmaenenue
n/n| OWEHOUHO20 cpeocmea OUEHOUHO020 Cpeo-
cpeocmea cmea 6 gponoe
1 2 3 4
1. |JlabopatopHas |DTo BuA y4eOHOH pabOTHI, 1EIbI0 KOTOpoi| Tembr mabopaTop-
pabora SBISIETCS. MU3y4deHue (MccienoBanne, u3Mepe-|HbIX paboT, KOH-
HUE) XapaKTEPUCTUK JTAOOPATOPHOTO OOBEK-|TPOIHHBIC BOIIPO-
Ta. CBI 10 TEME
[lear nabopaTOpHBIX 3aHATHH: OCBOEHHE|TabOpaTOPHOM pa-
M3ydyaeMou y4eOHOUM NTUCHUIUIMHBI; MpHOOpe-|00ThI
TEHHWE HaBBIKOB MPAKTUYCCKOTO MPUMEHEHUS
3HAHWHU y4EOHOM JMCIUILIUHBI (JIUCITUTIIINH)
C HCIOJb30BAHMEM TEXHHUYECKUX CPEACTB U
(unu) o6opyIOBaHUS
2. |PacuetHo- CpeacTBo MpoOBEepKH YMEHUM MPUMEHSTh mo-|KomrmiekTr — 3ada-
rpadudeckaspa- |JIydeHHbIC 3HAHUS 10 3apaHee ONMPEICTICHHON [HUH JJIS BBITIOJTHE-
oora METOJMKE JIJI PEIICHUS 3ajiay WIIM 3aJIaHui |HHSI pacyeTHO-

10 MOJIYJTIO WA TUCIUIIIMHE B LIEJIOM.

rpaduyeckol  pa-
00THI




MunucTepcTBO HayKu U Bhiciiero oopasosanus Poccuiickoit denepannu
HuxHexkaMCKUil XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((pusman)
(benepanabHOro rocy1apCTBEHHOIO OI0P)KETHOTO 00pa30BaTEIBHOIO YUPEXKICHUS
BBICILIET0 00pa30BaHMs
«Ka3zaHcknii HaMOHAJIBHBINA UCCIIE0BATENBCKUNA TEXHOIOTMUECKU YHUBEPCUTET

®daxkynpTeT UHPOPMALIMOHHBIX TEXHOJIOTUN
Kadenpa napopmMaimoHHBIX CUCTEM U TEXHOJIOTUN
Hanpasnenue noarorosku 09.03.02 «MupopManinoHHbIE CUCTEMBI M TEXHOJIOTHUI

VY4ebnpiM maHoMm 1o HampasieHuto moarotoBku 09.03.02 «Mudopmarmon-
HBIE CHCTEMbBl U TEXHOJIOTHUW» JIJIsi OOYYAIOIINXCS MPEAYCMOTPEHO MPOBEACHUE Jia-
OopaTopHBIX paboT 1o MUCHUTITHHE « TeXHOIOTHHN paCTIPECIICHHBIX CHCTEM).

Jlabopamopnas paboma 1
[TapaiensHOE POrpaMMHUPOBAHUE TSI CHCTEM C OOIIeH MaMsATHIOC UCTIONb30BaHueM TexHosorun OpenMP.

Heab padoTbl: —M3y4uTh TexHoa0rH0 OpenMP u ocHOBBI pa3padoTky NapajLiebHbIX NPOrpamMM 1JIst
MHOT0SII€PHBIX NMPOLECCOPOB, HANMMCATH U OTJIAAUTH HA si3bike C mapa/uleIbHYI0 MPOrpaMMy Jisl pelleHust
MOCTABJIEHHOH 32/1a4M HA cUcTeMe ¢ 001Ieil NaMAThIO.

1.1. OcHoBHble cBeneHus 00 OpenMP

Texnonoruss OpenMP [10, 11] B HacTosimee BpeMs SABJSIETCS OTHUM U3 HanOoJee TOMyISPHBIX CPEICTB Ta-
paLIeNIbHOTO MPOTrPaMMHPOBAHUS Il KOMIBIOTEPOB € 00IIeH MamsIThi0, Oa3UpyIOLIeics Ha TPAJAUIMOHHBIX MOCIe-
JIOBATEJbHBIX S3bIKaX MPOrPAMMHUPOBAHMSI U HCIIOJIb30BAHUH CHELUAIBHBIX KOMMEHTApPHEB. 32 OCHOBY Oepércs mo-
clie/loBaTeNibHAsl MporpaMma, a Ajsi CO3JaHusi e€ MapajuieNbHOH BEepPCHMH MOJIBb30BATENIO MPEIOCTABISIETCST HAbOp
JUPEKTUB, QYHKIMKA U IEpEMEHHBIX OKpyxkeHus. Texnonorus OpenMP HaneneHa Ha TO, 4TOOBI MOJIB30BATEIb UMEI
OJIMH U TOT € BapHAHT MPOTPaMMBI KaK JJIs MapajuIeIbHOTO, TAK M JJIS [IOCICIOBATECIBHOTO PEKUMA BBITOJTHCHHUS.
MMapamnenusm B OpenMP peanu3zyercsi ¢ TOMOIIBI0 MHOTOMOTOYHOCTH. [Ipu 3amycke mporpaMMbl CO3ACTCs SIMHCT-
BEHHBIN «TJIABHBINY (master) MOTOK, KOTOPKIN 3aTeM cO37aeT HabOp «ITOTYMHEHHBIXY (slave) MOTOKOB, U BBIYUCICHHS
pacrpeiensroTcs MeKAy BceMu nmoTokamu. [Ipeamnonaraercs, YTO MOTOKU BBITIOJTHSIOTCS MapaJUIeIbHO HAa MAIIUHE C
HECKOJIBKUMH TPOIECCOpaMu (siIpaMu), MpUYEM KOJMYECTBO MPOILECCOPOB/SACp HE O0S3aTEIbHO JOJDKHO OBITH
Oouibllle MM PABHO KOJIMYECTBY MOTOKOB. [IpyriMMH CIIOBaMH, MOTOKH MapajuiebHOW MPOrpaMMbl MOTYT OOBIYHBIM
00pa3oM KOHKYpUPOBATh MEXITy cOO0H 3a BpeMs mpoiieccopa/sipa.

BaXHBIM TOCTOMHCTBOM TEXHOJIOTHH OpenMP ABIACTCA BO3MOKXHOCTH pEaiM3allii TaK Ha3bIBa€MOT'O0 HWH-
KPEMCHTAJILHOI'O MPOTrpaMMUPOBaHNs, KOTrAa NPpOrpaMMHUCT NOCTCIICHHO HAaXOAUT YYaCTKU B MporpamMme, COACpIKa-
e pecypce napauiejanima, ¢ IOMOUBIO MPEAOCTABIACMbIX MEXaHU3MOB JCJIA€T UX MNapaUICJIbHBIMH, a 3aTEM IICPEC-
XOIUT K aHaJIM3y CJICAYIOIHNX YIaCTKOB. Taxum 06p330M, pacmnapauieJICHHbIC YYaCTKH MOCTCIICHHO OXBATbIBAIOT BCé
60J'ILIHyIO 4acTb HPOrpaMMbl. ITOT noaxoJ 3HAYUTCIbHO obieryaer npouecc aganTaluydu MmocCjaeaA0BaATCIbHBIX IPO-
T'paMM K napauiCJIbHbIM KOMIIBIOTEpAM, a TAKXKC OTJIAAKY U ONITUMU3ALUIO TPOTr'PAMM.

Moens UCTIOTHEHHs TapauIeIbHOW MPOTpaMMbl, MOATOTOBJICHHOW C ToMoIipio TexHonorun OpenMP,
MOKHO COPMYITUPOBATH CIICIYIOIINM 00pa3oM:

- IIporpamma coaep>KUT HAOOP MOCIIEIOBATEIBHBIX U MAPAIICIBHBIX 00JacTel (MM CEKIUI WA PETHOHOB).

- B HauanbHBIi MOMEHT BpEMEHH CO3JaeTCs IVIaBHBIM MOTOK, BBHIMOJHSIOMINNA BIIOCIEICTBUU BCE MOCIENO-
BaTENbHBIC 00JIACTH POTPAMMEIL.

- Ipwu BxoJze B mapajiepHy0 00JacTh TJIABHBIM IIOTOKOM BHIMONHACTCS onepalius fork, moposxaaromast co-
BOKYITHOCTh TTOTYMHEHHBIX MOTOKOB. Ka)kIIbIif ITOTOK MMEET CBOW YHHKAIBHBIN YUCIOBON HACHTH()HUKATODP (TIIABHOMY
notoky cootBercTByeT 0). [Ipm pacmapanienrBaHuu TUKIOB BCE HMapayIeIbHBIE TOTOKH MCIOIHSIOT OJUH U TOT XK€
KOJI, HO C Pa3HBIMH JaHHBIMH. B 0011IeM ciiydae HOTOKH MOTYT UCTIONHATH pa3indHble pparMeHThl KOAa.



ITOJTHEHNE BCEX ITOTOKOB, KPOME T'JIAaBHOT'O.

- Tlpu BeIXOME M3 MapaylIeIbHON 00JaCTH BCEMH IMTOTOKAMH BBITIONHSIETCS OTiepaIys join. 3aBepriaeTcs BbI-

Ha puc. 1. npomyutrocTpupoBaHo CO3JaHKE U HCIIONHEHHE ABYX MapaJuIeIbHBIX o0yacTei. B mepBoit obmactu
BCE MMOTOKH MPUXOAT K MOMEHTY BBIXO/a U3 HEe MPAKTHYECKH OJJHOBPEMEHHO, BO BTOPOi — B pPa3HbIe MOMEHTHI Bpe-
MeHH (KAK TIpaBUIIo, 3TO 0oJiee COOTBETCTBYET pealbHON KapTHHE).
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Puc. 1. Coznanvie qByX nmapajuieIbHBIX PETHOHOB
puc. 2.

OOBIYHO JOIYCKACTCS BO3MOXKHOCTh 00pa30BaHMs BJIIOKECHHBIX MapalUIeIbHBIX 00JIaCTeH, KOra MOTOK, CO3-
JIAHHBIA KaK JOTOJHUTENbHBIN, CTAHOBUTCS Master-nmoToKoM JUIsi HOBOW TapajuielbHON 00JIACTH, KaK MOKa3aHO Ha
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Puc. 2. Coz0anue 6103ceHHbIX NAPANLIETbHBIX PECUOHO8

IHox OpenMP nonumaeTcs COBOKYNHOCTD CIAEAYIOUIUX KOMIIOHEHT:

- ﬂI/IpCKTI/IBLI KOMIUJIATOPA — UCHOJIB3YIKOTCA JId CO3JaHUA MTOTOKOB, paClpeaACICHUSA pa6OTI)I MEKAY IOTO-



KaMU M UX CHHXPOHM3aINHU. [[UpeKTHBBI BKIIOYAIOTCS MPOTPAMMHUCTOM B HCXOIHBIA TEKCT MPOTPAMMEL.

- IlogmporpamMmbl OMOTHOTEKH BPEMEHH BBITOTHEHUS — HCIIONB3YIOTCS JJIS YCTAHOBKU M OTIPEICIICHHS aT-
prOyTOB MOTOKOB. BBI30BHI 3THX MOANPOTrpaMM BKITIOUAIOTCS MPOTPAMMICTOM B MCXOJHBIN TEKCT.

- HepeMeHHLIe OKPYKCHUSA — UCHOJIB3YIOTCA JId YIIPABJICHUA TOBEACHUEM napannenbﬂoﬁ MporpaMMBElI. Ile-
PEMCHHBIC OKPYKCHHUSA 3aJar0TCA AJid CPCAbl BBIIIOJHCHUSA napannem,Hoﬁ nporpaMMmbl COOTBETCTBYIOIIIUMU CPEACT-
BaMu OHepaHHOHHOﬁ CHCTCMBI.

Hcnonp3oBaHne NUPEKTHB KOMITHIISTOPA U ITOAIPOrpaMM OMOIMOTEKH BPEMEHH BBIMIOTHEHHS ITOXIHHSIECTCS
HpaBHIaM, KOTOPBIE Pa3INYaloTCs ISl Pa3HbIX S3bIKOB MporpaMMupoBaHus. COBOKYITHOCTh TAKMX IMPaBHI VIS OJHO-
To SI3bIKa MPOTPAMMHPOBAHUS HA3bIBACTCS MPUBA3KOW K s3bIKy. Texnomorus OpenMP cosnmaHa W moanep>kuBaeTcs
qutst si3eikoB C, C++ u Fortran. B aToii naboparopHoii paboTe npexmonaraercs ucnoib3oBanue si3pika C/C++ B cpene
paspabotku Microsoft VisualStudio (naumnas ¢ Bepcuu 2005). {1 Toro, 4roObl €€ KOMITMISTOP HYKHBIM 00pa3om
pearupoBai Ha qupekTHBbl OpenMP u cTpoui napamienbHyo IporpaMMy, B KOMaHIHYIO CTPOKY €ro 3aIycKa J0JDK-
Ha OBITH BKJIIOUEHA ONUMs /openmp (Hanpumep, IyTeM BkitoueHHs (uaxka «OpenMPsupport» B cBoicTBax mpoeKTa
Ha 3aknagke Configurationproperties\C/C++\Language).

Jlst Toro, uToOBI B iporpamme Ha si3bike C/C++ cTanmu TOCTYIHBI BO3MOXKHOCTH TexHoyorun OpenMP, B Hee
HY>KHO BKJIFOUMTH 3aroJIOBOYHBINH (haitn omp. h:

#include <omp.h>

Eciu 3Ty mporpamMmy TpaHCJIMPOBaTh KOMITWJIATOPOM, HE MOJICPKUBAIOIIMM TexHosoruto OpenMP, To ona
OyneT mocTpoeHa B OOBITHOM ITOCIIEZI0BATEILHOM (OHOIIOTOYHOM) BapHaHTE, TOCKOJBKY BCE JTUPEKTHBHI, 3aJaI0NIHE
pacnapauienuBanue, oOpMIIIOTCS B BHJE TaK Ha3bIBaeMbIX MparM (pEeKOMEHJanuii), 1 MpOCTO UTHOPUPYIOTCS Ta-
KAMH KOMITHIISITOPAMH.

B nporpammax Ha si3eike C/C++ Bce mparmbl, UMeHa (QYHKIMH ¥ NepeMeHHBIX okpykeHust OpenMP naun-
HAIOTCS CO CTPOKH «omp». DopMaT IUPEKTUBBL:

#pragmaomp oupexmusa [onyus_1[, onyua 2, ...J]

Kaxximast mupekTuBa BMECTE CO BCEMH €€ OMIMSIMU 00sI3aTeIbHO JIOJDKHA 3aHUMATh POBHO OJHY CTPOKY TEK-
cra. JleiicTBHE HEKOTOPBIX JUPEKTUB PACIPOCTPAHIETCS TOJIBKO Ha OJMH oreparop (Win OJIO0K OnepaTtopos, 3aKiIio-
YEeHHBIX B (DUTypHBIE CKOOKH), HEMOCPEICTBEHHO CICAYIONIHUIA 32 JUPEKTUBON B TEKCTE Mporpammbl. J{Jst TaKUX Au-
PEKTUB OYIET yKa3aH

<cmpykmypHulil O10K K0Oa>.
[epeuens nupexkTnB OpenMP Britouaer B ceOsi:

1. I[I/IpeKTI/IBa 3aaHusl apajjiCJIbHO BBINOJHICMOM CCKIIUU:

#pragma omp parallel [onyua_1[, onyus 2, ...]]
<cmpykmypuwiil 610K K0Oa™>

C MOMOIIBIO OTIIHHA ATOW JUPEKTHBBI MOXKHO YKa3aTh:

— TpebyeMoe KOMYECTBO MOTOKOB N (num_threads(n));
— YCJIOBHE, TP KOTOPOM MapauiesibHasi 001acTh AeHCTBUTENBHO co3aaetcs (if(ycrosue));
— CIIUCOK OOIIMX IEPEMEHHBIX ISl BCEX MOTOKOB JTaHHOM ceKImu (shared(cnucox nepemeHHbIX));



— CIHCOK IEePEeMEHHBIX, KOTOpbIE OYAYT JIOKAIbHBIMU B KaXIIOM MOTOKE CeKLMHU (private(cnucox nepemen-
HbIX)), IPAYEM X Ha9aJIbHBIC 3HAUCHUS HEe OYAyT ONpeneeHb;

— CIHCOK IEePEeMEHHBIX, KOTOpbIe OY/AyT JIOKaIbHBIMU B KaXJOM IMOTOKE ceKuuM (firsiprivate(cnucok nepe-
MEeHHbIX)), IPUYEM B Ka4eCTBE WX HAYaJbHBIX 3HAUYCHUH OYAYT YCTAHOBJCHBI 3HAYCHHUS] OJHOMMEHHBIX MMEPEMEHHBIX
U3 IJIaBHOTO MOTOKA;

— cmnoco0 Ha3HaYeHHA Kiacca naMsTH default(shared|none) BceM mepeMeHHBIM OTOKOB, KOTOPBIM KJlacc HE
Ha3HAUCH SIBHO C MOMOUIBIO OMIMHK shared (CIIOBO none 03Ha4aeT, YTO KIJIACC MAMSTH BCEX JIOKATbHBIX MEPEMEHHBIX
JIOJDKEH OBITH 3aJ1aH SIBHO); B peallu3allisX Iyl s3bika Fortran MOTyT Ha3HauaThCsl KIIACCHI private W firstprivate;

— CIIMCOK MEPEMCHHBIX, OOBSIBICHHBIX TUPEKTUBOH threadprivate (CM. HUXKE), KOTOPBIC TIPH BXOJE B Mapa-
JICBHYIO CEKIMI0 HHUIMATN3UPYIOTCS 3HAYCHUSIMHA COOTBETCTBYOIIUX IEPEMECHHBIX B IOTOKE-MAaCTEPE;

— OIepaTop CBEICHHS M CITUCOK OOLIMX MEPEMEHHBIX reduction(onepamop : CRUCOK NePeMeHHbIX); s Kax-
JIOW YKa3aHHOU B CHHCKE TEPEMCHHOW CO3JIAI0TCS JIOKAIBHBIC KOITUU B KaXKJIOM IMOTOKE; JIOKAbHbIC KOITUM WHHIIHA-
JM3UPYIOTCSl COOTBETCTBEHHO TUIY orepaTopa (Ui aIUTHBHBIX ONEpaliii HOJb MM €r0 aHaJIOrH, JJIs MYJIbTHILIU-
KaTHBHBIX OIEpaluil equHUIa Wid e€ aHaJOTH); Hall BCEMU JIOKAIbHBIMHM KOMUSMH KaXKIOW MEepeMEeHHOH mocie
3aBEpLICHUsI TapaIeIbHOM CeKIUK OyeT BBIMOJIHEH 33aJaHHbII ONepaTop CBEICHHUs, PEe3yJIbTaThl OY/AyT 3aHECEHBI B
OTHOWMEHHEIE 00IIIIe IepEMEHHBIC; B KAUeCTBE ONepaTopa MOKHO yKa3bIBaTh: +, —, *, &, |, *, &&, ||.

2. I[I/IpeKTI/IBa OIPCACIICHUA LUKIIA, UTCPALIUU KOTOPOI'0 HYXKHO PACIPCACIIUTb MCKAY IMapalyICIbHO BBITOJI-
HACMBIMHA ITIOTOKAMHM:

#pragma omp for [onyus_1[, onyus_2, ...J]
<cmpykmypHblil 010K K0Oa™>

C ucnoiap30BaHUuEM OHIII/Iﬁ JAUPCKTUBLI for MoxHO YKa3aThb:

— CITMCOK IIEPEMEHHBIX, KOTOpBIE OyIyT JIOKATBHBIMU B Ka)KJOM TIOTOKE CEKINH (private(cnucox nepemen-
HbIX)), TIPAYEM X Ha9aJIbHBIC 3HAUCHUS HEe OYAyT ONpeneeHbI;

— CITMCOK IIEPEMEHHBIX, KOTOPBIE OyOyT JIOKAIFHBIMU B Ka)KAOM TOTOKE CeKUWU (firstprivate(cnucox nepe-
MeHHbIX)), IPUIEeM B KaU4eCTBE WX HAYaNbHBIX 3HAYCHHWH OyIyT yCTAaHOBJICHBI 3HAYCHUS OJHOMMEHHBIX MEPEMEHHBIX
13 TIIABHOTO ITOTOKA;

— CIIMCOK INEPEMEHHBIX IJIaBHOTO NOTOKa (lastprivate(cnucox nepemenuvix)), KOTOPHIM OyayT MPHUCBOEHBI
3HAYCHUS, MTOJTyYCHHBIC PH BBITIOJIHCHUH MOCIICTHEH NTepaIiK [IUKIIA;

— OIepaTop CBEAEHMS U CIIMCOK OOIIMX NEPEMEHHBIX reduction(onepamop : CHUCOK NepemMeHHblX); Ul Kax-
JIOW YKa3aHHOU B CHHCKE TEPEMCHHOW CO3JIAI0TCS JIOKAIBHBIC KOMTUU B KaXKJIOM IMOTOKE; JIOKAbHbIC KOITUM WHHIIHA-
JU3UPYIOTCS COOTBETCTBEHHO TUITY OmepaTopa (Uil aJIUTHBHBIX ONEpAIMid HOJIb WM €r0 aHaJOTH, JUI MYJIbTHILTU-
KaTUBHBIX OMNCpalMii eIUHHIA Wi ¢€ aHAJIOTW); HaJl BCEMHU JIOKAJbHBIMH KOMHUSIMH KaXKIOW MEPEeMEHHON MOCie
3aBEpIICHIS MapajIebHON CeKIUN OyAeT BBIIOJTHEH 3aJaHHBIN OIepaTop CBEICHUS, Pe3yIbTaThl OyayT 3aHECCHHI B
OTHOWMEHHEIE 00IIIIe IepEMEHHBIE; B KAUeCTBE OllepaTopa MOKHO yKa3bIBaTh: +, —, *, &, |, ", &&, ||;

— crmoco0 pacmpeleNeHns WTepaluid MHUKJIa MEXIY IMOTOKaMH MapajulebHOW cekuuu (schedule(typel,
chunk])); mapamertp chunk 3Tol ONITUHN OMPENENIIeT KOJUISCTBO HTEPAIM HA OAWH MOTOK (1Mo ymMomdanuio 1), mapa-
METp fype YKa3bIBaeT THII PACIIPEICICHHAS U MOKET IMETh 3HAUCHHUS:

§ static — cTaTHYECKUH, T. €. IPU KOMITWISALINH,

§ dynamic — TUHAMUYECKUH, T. €. TIPU BBHITIOJHCHUH,

§ guided - TMHaAMUYeCKU C YMCHBIICHUEM KOJMYECTBA UTEPAIMI HA MMOTOK OT HAYAILHOTO, ONPEICIIIEMOT0
aBTOMATHYECKH, 10 3HAYCHUS chunk,

§ auto — cnocob pacnpeneeHus BEIOUPAETCs KOMITMIIATOPOM HITH HCIIOJHSIOIIEH CUCTEMO,

§ runtime — cioco0 pacrpeesCHUs 3a1acTCsl CICIMAIBHOM IEPEMEHHOM OKPYKCHHUS OMEPAIMOHHON CHCTE-
MBI

— BO3MOXHOCTH (OTIusl ordered) IOSBIIEHUS B TEJE ITUKJIA TUPEKTHUBHI ordered, KOTopas TpeOyeT UCIOJTHE-
HUSI OXBaUEHHOTO €0 0JI0Ka OIepaTopoB B TOYHOCTH B TOW K€ MOCJIENOBATEIEHOCTH, KaKas pearnu3yercs B MOCIe10-
BaTEeNFHON BEPCUH JAHHOTO LIKJIA;

— OoTMeHy (nowait) HessBHOW OapbepHON CHHXPOHM3ALWHM MOTOKOB, TOCTHTIIMX KOHIIA BBITIOJTHEHHUS CBOEH
YacTH UTeparuid HuKiIa (IPU OTCYTCTBUH 3TOH OMIIMH YIAaCTOK MPOTPaMMBI MTOCTe MUK OyIeT BBITOIHATHCS TOIBKO
TOT/Ia, KOT/Ia BCE MOTOKHU BBIMOIHSIT BCE CBOU HUTCPALIUY;

— TIyOMHY N BJIOXCHHBIX APYT B Jpyra HUKIOB (collapse(n)), MPOCTPAHCTBO UTEPAIMA KOTOPBIX MOJICHKHUT
pacHpeielICHUI0 MEXKIY MapajlIeIbHBIMU MOTOKaMH (JIOCTYITHO TOJILKO B peanu3aiuu 2.5 Texnonoruu OpenMP);

Hupexrtussl parallel u for MOXXHO OOBEAMHATH B OJJHY TUPEKTUBY, B KOTOPOW MOXKHO YKAa3bIBATh OMIIMU KaK
IMPEKTUBHI parallel, Tak M TUPEKTUBHI for:

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



3. I[I/IpeKTI/IBa, YKa3bIBaromias Ha HCO6XO,HI/IMOCTI> HCIIOJHCHHA O0XBAaTbIBAEMOI'0O €10 y4aCTKa KoJa (‘-IaCTI/I TC-
Ja um(na) B TOU IIOCJICA0BATCIIBHOCTH, B KOTOpOﬁ OH BBITIOJHACTCA B YHUCTO IMOCIIEA0BATCIIBHOM PEKNME

#pragma omp ordered
<cmpyxkmypHulii 610K K0Oa™>
4. JlupexTrBa 337aHKs 00JACTH HELMKINYECKOrO Mapaienn3Ma (y4acTKi CTPYKTYpPHOTO OJI0Ka Koja, KOTOo-

phI€ MOTYT BBITIOJHSATHCS TAPAJUICIBHO, BBIICISIFOTCS C IIOMOIIBIO OIIMCHIBAEMOM Jajice TUPCKTUBBI SeCtion):
#pragma omp sections [onyus_1[, onyua_2, ...]]
<cmpyxkmypHulii 610K K0Oa>
B kauecTBe omiuii 3TOH AUPEKTHBBI MOKHO YKa3bIBATH private, firstprivate, lastprivate, reduction u nowait,

HMEIOIHE B TOYHOCTH TAKOM K€ CHHTAKCHUC U TOT XKe CMBICII, YTO U 'y ,I[I/IpeKTI/IBBI‘fO}”.

5. I[I/IpeKTI/IBa OIIPEACIICHNUA Y9aCTKa HCIIUKIINYCCKOro KoAa JJid OJHOI'0 IMOTOKaA:

#pragma omp section
C moMomIpio 3TOW MTUPEKTUBEI BHYTPH ydacTKa KOJa, OXBaYCHHOTO IUPEKTHUBOU sections, BBINEISIOTCS OT-

JACIBbHBIC (bpaFMGHTLI JJI1 UCITIOJIHCHUSA MapaJlyICJIbHBIMU IMOTOKAMMU. Hepe,u CaMbIM IIE€PBbIM (bpaFMeHTOM y4dyacTKa HE-
HUKINYCECKOI'0 KoJJa AUPCKTUBY section MOXHO HE YKa3bIBAThb.

6. I[I/IpeKTI/IBa 0OBSABICHHUS CIMCKA JIOKAIBHBIX TMEPEMCHHBIX TOTOKOB

#pragma omp threadprivate(cnucok nepemenHwix)

OTa IUPEKTUBA TO3BOJISET CHENATh JIOKAIbHBIE KOMHH JJII CTAaTHYECKUX TMepeMeHHbIX si3bika C/CH+ (m
COMMON-06:10K0B s13b1ka POpTpaH), KOTOPHIC 10 YMOTYAHHUIO SIBJISIOTCS OOLIMMHU.

7. JlupekTrBa CO3MaHUS OTACIHLHONW HEe3aBHCUMOM 3a1aun (HaunHas ¢ Bepcuu 2.5 OpenMP):

#pragma omp task [onyus_1[, onyus 2, ...]J]
<cmpykmypHblil 010K K0Oa>

Tekymmuii MOTOK CO37]aeT B Ka4eCTBE 3aJIa4M aCCOIMHUPOBAHHBIN C TUPEKTUBOM OJIOK OrepaTopoB. DTa 3amaqa
MOJKET BBITIOJIHATHCS HEMEUICHHO MOCIE CO3JJaHMs WK OBITh OTJIOKCHHOW Ha HEOMPEIeIEHHOE BPEMs U BBIIIOJHATh-
cs 1o yacTsaM. PazMep Takux yacTeil, a Tak:ke MOPSAIOK BBIMOJHEHHS YaCTeH pa3HbIX OTJIOKEHHBIX 3a7a4 ONpeesaeT-

cs peanuszanueit OpenMP.

Jlabopamopnas paboma 3
PacnapannenvuBanye BbIYKMCICHUM IPU YUCICHHOM PELICHUH aHATUTHYECKUX 3a1a4.

Heapb paGdoThbl: —M3YYUTH METOAbI H AJITOPUTMBI Pa3padoTKH MapajjieJbHbIX NPOrpaMM AJs pelieHust
3a/1a4 YHCJIEHHOT0 T depeHIUPOBAHNSA, HHTETPUPOBAHHUSL, MOIETHPOBAHMS.
B nabopaTopHoii paboTe Hy)KHO pa3paboTaTh NapaIieIbHYIO MPOrpaMMy [UIS PELICHHUS 3a1ay:
1. Yuncnennoe nuddepeHnupoBaHue.
2. YucneHHOE UHTETPUPOBAHUE.
3. YucneHHoe MOJICITUPOBAHHUE.
MeTomp!l 1 aNTOPUTMBI IS PEIICHHUS BRIOMPACTCS CTYACHTOM CAMOCTOSTEIHHO.

Kpumepuu OUCHKU

Bug xouTpons MuHUManbHOE KOJIUYECTBO MaxkcuMalIbHOE KOJINYECTBO
OayIoB OayIoB
Jlaboparopnas pabota 1 18 30

JlaGopatopHnas pabora 2 18 30

Htoro 36 60




MunucTepcTBO HayKu U Bhiciiero oopasosanus Poccuiickoit denepannu
HuxHexkaMCKUil XMMHUKO-TEXHOJIOTMUECKUN UHCTUTYT ((pusman)
(benepanabHOro rocy1apCTBEHHOIO OI0P)KETHOTO 00pa30BaTEIBHOIO YUPEXKICHUS

BBICHICTO O6pa?>OBaHI/IH

«Kazanckuit HaIII/IOHaJIBHBIﬁ I/ICCJIC,Z[OBaTCJ'II)CKI/Iﬁ TEXHOJOTNYECKUMN YHUBCPCHUTCT»

®dakynpTeT HHPOPMAITMOHHBIX TEXHOJIOTHIA
Kadenpa napopmManimoHHBIX CUCTEM U TEXHOJOTUN

Hanpasnenue noarorosku 09.03.02 «MupopMainoHHbIE CUCTEMBI U TEXHOJIOTHUI

Komruiekt 3aganuii 17151 BBINOJHEHUS pacYeTHO-IpapuuecKuxpadoT
1o nucuuruinHe « TeXHONIOruu pacrpeeIeHHbIX CUCTEM

Peann3oBaTh Ha A3bIKE BHICOKO YPOBHSI:
1. Tubpumnyro apxurekrypyNUMA.
2. PVP- apxurexrtypy.

Kpumepuu oyenku

Bun xonTpOns MunnManabHOE KOJIMYECTBO MaxkcumMansHOE KOJTHYECTBO
0annoB 0annoB
PacuetHo-rpaduueckas paborta 24 40
Hroro 24 40
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