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1 BBEJIEHUE

Metoandeckue yka3aHMA K INPaKTHUYECKUM 3aHATUSM M OpraHU3aluu
CaMOCTOSTENLHOM paboThl MOCBAIICHBI pealu3alud y4eOHO-METOANYECKON
noJAepKKe AUCHUIIIUHBI «[lapasnensHble BEIMUCICHUS U CUCTEMBD.

JlaHHOE T1OCOOME COAEPKHUT KpPaTKOe BBEACHHE B APXHUTEKTYPY
MapajuleNIbHBIX  BBIYMCIUTENBHBIX CHCTEM, BBEICHHE B IPOOJIEMaTHKy
HapajIesIbHOTO NMPOrpaMMHMPOBAHUS ISl MapajUIEAbHBIX CUCTEM PAa3IUYHBIX

KJIacCoB, cBeAeHHUA o TexHojoruu OpenMP; cBeneHus o0 apXHUTEKType
NVIDIA CUDA,

cBeeHus 00 uHTepdeiice nepenaun coobienuit MPI u mMeronudeckue
yKa3aHus [0 BCEM Ha3BaHHBIM TEMaM.

2 METOJUYECKHUE YKA3AHUA K IPOBEAEHUIO
MPAKTUYECKHUX 3AHSATUM

21 IIpakTHyeckoe 3auaTHE «Moae1upoBaHUue H AHAIU3
Nnapajlie/ibHbIX aJITOPUTMOB»

Heab padoThI

I/IBYI{GHI/IC 1 MPUMCHCHHC HA MPAKTHUKE MOI[CHeﬁ, METOOO0B U TEXHOJIOTHH
MnapajyieJibHOTO HPpOrpaMMHUpPOBAHUS.

TeopeTnyeckue cBegeHUs

I[Ipu pa3paboTke mapauIeNbHBIX AQITOPHUTMOB PEIICHHS  CIOKHBIX
HAayYHOTEXHUYECKHUX 3a/ay NPUHLUIIHAJIBLHBIM MOMEHTOM SBIISIETCS aHAIU3
3¢ PEeKTUBHOCTH HCIIOIb30BAHMS MapaljieIM3Ma, COCTOSIINI OOBIYHO B OIIEHKE
MOJy4aeMOro YCKOPEHHs TIpoliecca BBIYUCICHHUH (COKpAIEHUS BpPEMEHH
pemenns 3amaun). DopMupoBaHHe MOMOOHBIX OIEHOK YCKOPEHHS MOXKET
OCYIIECTBIIATBCSI ~ MPUMEHUTEIBHO K  BBHIOPAHHOMY  BBIYHCIHTEIHHOMY
anroputMy (oneHka 3¢GQGEKTUBHOCTH pacnapajuleTuBaHus KOHKPETHOTO
anroputMma). Jpyroil BaXHBIH MOAX0J MOKET COCTOSATH B IIOCTPOCHUH OLIEHOK
MAaKCHUMaJbHO  BO3MOXHOI'O  YCKOPEHHs IIpolecca peleHus 3ajadu
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KOHKpETHOTO Tuma (oreHKa 3()(HeKTUBHOCTH apajLIeIbHOTO CII0co0a perIeHUs
3a1a4n).

Bonee nmonpoOHO TeopeTHYeCKUE CBEACHUS 110 JTaHHOW TeMe IPUBEICHBI B
OCHOBHOH U OTOJHUTEIBHOM JIUTEpAType U B CIEOYIOIIMX UCTOYHUKAX: 1.
T'eprens B.IL. BrIcokonpou3BOIUTENBHBIE BBIUMCIIEHUS s
MHOTOIIPOIIECCOPHBIX MHOTOSIEPHBIX CHUCTEM: ydeOHHWK i By3oB / B. II.
I'eprens; bubnmmoreka Hikeropoackoro rocy1apcTBEHHOTO YHHBEPCHTETA

(Hmwxuawit Hoeropogn). - M.: M3natensctBo MockoBckoro yHuBepcureta, 2010.
- 544c.

3aganue:
PaspabotaiiTe Momenb W BBIIOJHUTE OLCHKY ITOKa3aTellell YCKOpeHHS U
3((HheKTUBHOCTH MapajlICIbHBIX BRIYHCICHUH:

- JUTA 3a/la4U CKaJIAPHOT'O IMPOU3BCIACHUA ABYX BEKTOPOB:

o0
y 0L aibi

- JJIA 3aJ]a4i IIOMCKa MaKCUMAJIbHOT'O U MUHHUMAJIBHOI'O 3HAYCHUI JUIA
3aJJaHHOT'O Ha60pa YHUCJIOBBIX JaHHBIX

ymifA minai,

TGN ymax
Omaxa;

1"IN

- JUIA 3a1a9 HaXOXACHUA CPEAHCTO 3HAYCHUA JIA 3aJaHHOI'O Ha6opa
YHUCJIOBBIX JaHHBIX

yD N1 D s} iN 1ai.

CnrenaiiTe BBIBOJIBI 110 ITPOJICJIAHHON padore.



2.2 IIpakTHyeckoe 3aHATHE «ITANBI Pa3padOTKH MapasIeJbHbIX
AJITOPUTMOBY

eab padoTbl

Pa3paboTka mapaiiensHOU MPOTrpaMMBbl, KOTOPAsi BBITIOIHIET YMHOXCHUE
JIBYX KBJIPATHBIX MaTPHII.

TeopeTnyeckue cBegeHUs
bonee monmpoOHO  TeopeTmueckoe OOOCHOBAaHME  JAHHOM  TeMBbI
MPE/ICTABICHO B CIACAYIOMNX HCTOYHUKAX:

1. MHcTpyMeHTHl NapajuleNbHOTO NPOTPaMMHUPOBAHUS B CHCTEMax C
obeit namsTeio: yueOHuk ais By3oB / K.B. Kopuskos [u ap.]; pen. B. IL
I'eprens; Huxeroponckuit rocymapctBeHHbIN — yHuBepcuteT  (Hipkuuit
Hosropon). — 2-e u3a., ucnp. U gon. — M.: M3narensctBo MOCKOBCKOTO
yHHuBepcureTa, 2010. -271 c.

2. Teprenp B.II. BbICOKONPOW3BOOUTENBHBIE  BBIYUCICHUS IS
MHOTOIIPOIIECCOPHBIX MHOTOSIAEPHBIX CHCTEM: Y4eOHHK Ui By3oB / B.IL
I'eprens; bubamnorexka Hipkeropoackoro rocynapcTBEHHOTO YHHBEPCHTETA
(Hmxawmit HoBropom). — M.: M3garensctBo MockoBckoro yHuBepcutera, 2010.

3ananue
Omnpeenuts 3a/[a4y MAaTPUIHOTO YMHOKEHHSI.

PeannzoBaTh mocie10BaTeNbHbIA aITOPUTM MAaTPHYHOTO YMHOXKECHHS.
Pa3o0paTh napamienbHbIH alropuT™ YMHOXKEHHs MaTpull. Craenarb

BBIBOJIBI TI0 UTOTaM MPOAeTaHHON pabOTHI.



2.3 [pakTunyeckoe 3anaTHe «CpeacTBa pa3padoTKH NapasieTbHbIX

porpamMm»

eab padoTbl

W3yunte mnapasienbHble S3bIKM IPOIPAaMMHUPOBAHUS W PaCIIUPEHUS
CTaHAAPTHBIX sA3bIKOB. IlomyduTh HaBBIKM pabOTBl CO  CpPEACTBAMH
AaBTOMATHUYECKOTO pacHapaIeINBaHuU, TapAJUICIBHBIMA KOMIMIISITOPaMHU.

TeopeTnueckue cBeIeHUs

PaccmarpuBaercs OJIH u3 HWHCTPYMEHTOB napauIeIbHOTO
IporpaMMUpOBaHNs, Hpe}IHa?)Ha‘-ICHHI)Iﬁ JJI pacnapauiCIMBaHusa pCIICHUA
3aja4 B CHCTeMax ¢ o0uiel mamsrTelo, - oubnmoreka Intel Threading Building
Blocks (TBB).

OcHoBHas uzes, 3aJI0)keHHass B OMOJIMOTEKY, COCTOUT B HCIOJIb30BaHUHU
CTaH/IapTHOTO  BbICOKOypoBHeBoro C++ st OblcTpoll  pa3paboTKH
KpOCCIUIaTPOPMEHHBIX, XOpOLIO MacCIITaOUpyeMBbIX napasielbHbIX
npuioxeHuil. Hapsay ¢ yka3aHHBIM BIIIe, UCTIONIb30BaHHe Oubmuoreku TBB
MpEeAOCTABIIACT MEXAHU3MbI a6CTpaFI/IpOBaHI/I$I OT MmapajgurM MHOI'OIIOTOYHOT'O
MpOTrpaMMHUPOBAHUS, TI03BOJISIS COCPEIOTOUUTHCS

HETI0CPEICTBEHHO Ha pEUIeHUH IPUKIATHON 3aladyd, dTo
ABJISIETCS JOCTATOYHO aKTyaJbHBIM.

W3yuyenne npuHIUNOB (DYHKIMOHMPOBAHMSA W BOMPOCOB 3()(PEKTHBHOTO
ucrionp3oBanuss TBB mpoBoanTcs B JaHHOM TPAKTHYECKOM 3aHATUM Ha
IpUMepe 3alauyd MaTpUYHO-BEKTOPHOIO YMHOXEHMS, CTaBUIEH OJHON U3
KJIACCHYEeCKUX 3afmady  Juis  (OPMHPOBAHMS HABBIKOB  IapauIeIbHOTO
porpaMMupoBaHus. [Ipu 3TOM OCHOBHOH ymHop AenaeTcs Ha 03HAKOMJICHHE C
pacnapauieIMBaHUueM [IUKIIOB.

3amanme

PeanuzoBaTh napaieabHblid ITOPUTM MAaTPUIHO-BEKTOPHOI'O YMHOKEHUS
Ha OCHOBE MMEIOLIECHCS pealln3aluy MOCIeN0BATEIBHOTO aIrOPUTMA.

V3MeHnTDb CO3/IaHHYIO0 peai3aluio Ha CIydail HeKBaJpaTHOW MaTpHUIbL.

Pa3o0paTh nporpaMMy yMHOXKEHHS KBaAPATHBIX MATPUIIL.



Pa3paboTaTh mporpaMmMy yMHOMKEHUS NPSIMOYTOJBHBIX Marpui. Cremats

BBIBOJIBI 11O UTOI'aM npoz[enaHHoﬁ pa6OTI)I.

2.4 Mpaxtuyeckoe 3anaTue «Mutepdeiic nepexaun cooduenuii — MPD»

eab padoTbl
W3yunte u paspaboTaTth uHTepdelc mepegayd COOOLICHWH  Juist
HapaJuIeNIbHBIX TPHIOKEHHUH.

TeopeTnyeckue cBegeHUs

MPI — 3T0 cTaHmapT Ha TPOTPaMMHBIN HHCTPYMEHTApHH I 00eCIIeYeHUS
CBSI3M MEX/y BETBSIMH NapajuiesibHOro npuioxerus. MPI pacimdpobiBaeTcs
kak «Message passing interface» («B3aumoneiicTBue uepes mepenady
COOOIEHUI).

MPI MIpPEeACTaBISET coboit oubnnoTexy [IPOrpaMMUPOBAHUS
(3aromoBouHble M OuWOMMOTewHBIe (ainbl i s3eikoB Cu, Cut++). HabGop
(YHKIMA TPOCT B OCBOGHHHM W TIO3BOJIET OBICTPO HANHUCATH HAAEKHO
paboratomryto nporpammy. Hcmons3zoBanue Beeit Momu MPI mo3Bommt ObicTpo
MOJYYIHUTh PabOTAIOILYIO0 TPOrpaMMy IIPH COXPAHEHUH €€ HaJIeKHOCTH.

[TapannensHOe NMPUIOKEHWE COCTOUT M3 HECKOJBKUX BETBEH (IpolieccoB
WM 33/1a4), BBITIOJIHSIOIIUXCSI OJJHOBPEMEHHO. BeTBH 0OMEHMBAIOTCS APYT C
JIIpyroM JaHHbIMH B Buie cooOmeHuil. CooOIIeHus NPOXOAIT MO
UIeHTU(UKATOPAMH, KOTOPBIE TO3BOJISIOT MpOrpamMme M OHOJIMOTEKE CBS3H
OTIMYaTh WX APYr OT jApyra. s COBMECTHOTO NMPOBENCHUS TEX MM HHBIX
pacdeToB MPOLECCH BHYTPU MPUIIOKEHUS 00BEIUHSIOTCS B rpymibl. Kaxplii
MpoLecC MOXKET y3HaTh Y OMOJIMOTEKN CBSI3M CBOW HOMEP BHYTPH TPYIIIEL, U, B
3aBUCHMOCTH OT HOMEpa MPHUCTYIAET K BHIIIOJIHEHHIO COOTBETCTBYIOIIECH YacTH
pacuetoB. OcobenHocth MPI - momsTHE 0OMacTH cBsi3u (communication
domains). Ilpm 3amycke TPUIOKEHHS BCE TPOIECCHl IMOMEIIAIOTCS B
CO3/1aBaeMyIo JJIsl IPHIIOKEHHS O0IIyro o6macTs cBs3u. [Ipu HeoOXomuMoCTH
OHHM MOTYT CO3/1aBaTh HOBBIE 00JacTH CBA3M Ha 0asze cymecTByrommx. Bce
001acTH CBSI3M MMEIOT HE3aBUCHMYIO JPYT OT ApPYyra HyMepamuio MPOIECcCOB.
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[Iporpamme nonb30BaTENs B PACHOPSIKEHUE IPEJOCTABISIETCSI KOMMYHHUKATOP -
omucaTenb 00JacTH CBs3H. B mporpamMme MOXET CyIIeCTBOBATh HECKOJIBKO
KOMMYHHKaTOPOB.

Muorue ¢ynknun MPI  umeroT cpend  BXOOHBIX — apTyMEHTOB
KOMMYHHUKATOp, KOTOPBI OrpaHH4YMBaeT cepy UX JIeHCTBHS TOH 0011acTbiO
cBA3U, K Koropoi oH mpukpemieH. MPI COMM WORLD - nHa3BaHue
KOMMYHHKAaTopa, CO3[JaBaeéMOro  OHOIHOTEKOH  aBTOMATHYECKH  IIPH
uHANMaIu3anuu  Oubnuorekn MPI  mapamnensHeiM  nmpuioxeHueM. OH
OINUCHIBAET CTAPTOBYIO 0O0JACTh CBSI3M, OOBEIUHSIONIYI0 BCE MPOLECCHI
MPHIIOKECHUSL.

Bce ¢ynkuum MPI  ycioBHO MOXHO pa3OuTh Ha  OJIOKHpPYIOIIUE,
HEOJIOKUPYIOIIUE, JIOKAJIbHBIC 1 KOJUICKTHBHBIE.

bnokupyromue QyHKIMM OcTaHaBIMBAIOT (OJOKHPYIOT) BBINOJIHEHHE
nporecca 0 TeX Mop, MoKa IPOU3BOINMAst UMH OTIepalyis He OyJIeT BBIIIOJIHEHA.
He Onokupytompie (GYHKIMM BO3BpAlalOT YIIpaBiIeHHE HEMEIJIEHHO, a
BBITIOJTHEHUE OIIEPAllMH TIPOAOIDKaeTcs B (OHOBOM pexuMe. JlokaibHbIe
(YHKIIMM HE HWHUIUMPYIOT TEPEChUIOK JAaHHBIX MEXKAYy  BETBSAMH.
KonnextuBHbIe pyHKINH JOJIKHBI OBITH BEI3BAHBI BCEMH BETBIMH-a00HEHTAMH
TOT0 KOMMYHHKATOPa, KOTOPBIH ITepeaaeTcs MM B Ka4eCTBE apryMeHTa.

ITpn 3amycke NpHIIOKEHUS BCE €0 BETBH JOJDKHBI BBI3BaTh (PYyHKIUIO
nHUNHann3anuu oudaunorexku MPI - MPL_Init.

IIpu 3aBepuIeHMH TPHIOKEHHWS BCE €r0 BETBH JIOJDKHBI BBIIOIHUTH
(dyHKIMIO HOpMabHOTO 3aBepiienus oubnuorexku - MPI_Finalize.

Ecimn mpunokeHHe 3aBepImaeTcss IO INPHYMHE OIMIMOOK BpPEMEHH
BBINOJIHEHNSA, TO BETBb, OOHAPYXKHUBINAS OIIMOKY, IOJDKHA BBINIOJHUTH
¢yrxmuo MPL_Abort.

IIpu 3amycke NPHIOKEHHS aBTOMATHYECKH CO3/1AeTCSI KOMMYHHMKATOP
MPI COMM_ WORLD, 06beIuHSIONINHI BCe MPOLECCH MPHIOKEHHS.

JIto6oii mporecc MOXET Y3HATh KOJMYECTBO BETBEH MPUIIOKEHHUS C
nomomeio ¢GyHkiun MPI size u cBOif HOMEpP B HMPHWIOKEHHH C IOMOIIBIO
¢yaxaun MPI_rank, o6beAMHEHHBIX 3THM KOMMYHHKAaTOPOM.

[Mpocreiimas cxema mepeaayn cOOOIIEHUH - CBsI3b "TOUYKa-TOYKA" MEXIY
nByMmsi BeTBMH. OjlHa BETBb BBI3BIBACT (DYHKIMIO NEpeAadd COOOIIeHUs, a
apyras - QyHKuuio npuema. B xauecTBe OCHOBHBIX MapameTpoB (QyHKIMSIM
3amarTesa Oydep npueMa/mepeaadu, KOMMYHHAKATOP, UM (HOMep) Tporiecca —
WUCTOYHUWKa/anpecata coobmenuss wunu  mxokep MPI ANY SOURCE,
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upeHTuuKarop coobmenus win mxokep MPI ANY TAG, tun ganusix. Tun
JIaHHBIX 3ajaercs npepomnpeneincHHbIMM B MPI onmcarensiMu BCTpOEHHBIX

tunoB  (MPI_ CHAR, MPI INT, ...) wmm 3aperucTpupOBaHHBIMHU
MOJIB30BATENIEM OMHCATEISIMU THIIOB. DyHKIUU TnepeJavyn—npuemMa
coo0uIeHnsi Mo cxeme «rouka — Touka»: MPI_Send , MPI_Recv,

MPI_Sendrecv.
st o0ciTy>KMBaHMS IIPUEMa UCTIONB3YIOTCS BCIIOMOTaTeNNbHbIe (DYHKIMH:
- MPI_Status — 3ampoc craryca 3aBepuieHHs pruema,
- MPI_Get_count - 3anpoc xonmidecTBa (paKTHIECKH IPHHSATHIX TAaHHBIX,

- MPI_Probe — mnpeaBaputenbHbI 3ampoc CTaTyca MOCTYIHBILIETO
COOOIIIEHHUS TIepe]] ero MPUEeMOM.

KonnextiuBHble OOMEHBI COOOWICHMSIMH  OCYIIECTBIIAIOTCS TPYMIION
BeTBEH, 00BbEJMHEHHBIX HEKOTOPHIM KOMMYHHKATOpoM. KonekTuBHbIH 00MeH
WHUIIUUPYETCA B TOM CJIy4da€, KoOrga BCC€ BCTBU OCYHICCTBUIIU BbI3OB
OJIHOI/IMeHHOI\/II KOJIJIGKTUBHOM q)yHKIII/II/I C OJHMHAKOBBIMH OCHOBHBIMH
napameTrpamu. KoyutekTiBHAs (pyHKIUS BBINOJIHSET OHOBPEMEHHO U IIPUEM,
nepenayy ¥ UMeeT OOJIbIIOE KOJIMYECTBO MapaMeTPOB, YaCTh KOTOPHIX HY>KHA
JUI TIpEeMa, a 4YacTh JUIA INepefadn. B pasHBIX BETBSIX Ta WIM HWHas 4acTb
apaMeTpoB UTHOPUPYETCSI, B 3aBUCHMOCTH OT POJI BETBH B OOMEHe.

Konnextusueie nepeaayn BEAYTCA B COOTBETCTBUH C OI[HOﬁ n3 CXEM
oOMeHa: «OJJHa — BCEM», «BCE — OIHOW», «Bce — Bcem». KoJlsleKTHBHBIE
¢yskuuu oomena:

- MPI_Bcast — mepenaua cooOmIeHNs U3 BETBU C YKa3aHHBIM HOMEPOM
BCEM OCTaJIbHBIM BETBSIM;

- MPI_Gather, MPI_Gatherv - c6op cooOiieHunii B yka3aHHYIO BETBb U3
BCEX OCTaJIbHBIX BETBEH;

- MPI_Scatter, MPI_Scatterv — mepemasa c¢ pacmpeaencHHEM
COOOIIEHHNS U3 BETBH C yKa3aHHBIM HOMEPOM BCEM OCTaJIbHBIM BETBSIM;

- MPI_Allgather, MPI_Allgatherv - c6op cooOrieHuii Bo Bcex BETBAX K3
BCEX BETBEH;

- MPIL_Alltoall, MPI_Alltoallv - mnepemaua ¢ pacnpejaeneHreM
COOOLLEHNUS U3 BCEX BETBEH BCEM OCTAILHBIM BETBSIM.
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Oyukmus MPI Barrier octanaBiIMBaeT BRITIOJIHEHHE BRI3BABIICH €€ 3aaun
JO TeX Iop, IoKa He OyAeT BBI3BAHA H30 BCEX OCTAIBHBIX 3a7ad,
MOACOCMHEHHBIX K YKa3aHHOMY KOMMYHHKATOPY.

Hnsa Hactpoiik;m pabotel mHTepdeiica MPl ¢ mpoW3BOAHBEIMH THIIAMH
TIOJTE30BATEIIS HCHIONB3YIOTCS CIEAYIOINE (yHKIIUH:

- MPI_Type_struct, MPI_Type_vector, MP1_Type_indexed,
MPI_Type_contiguous - co3nanue onucaTess MoJb30BaTeIbCKOrO THIA. -

MPI_Type_commit - peructparius onucaTes TUTIA;

- MPI_Type_extent - 3arpoc o6beMa namsti, 3aHIMaeMOU TepEMEHHON
MPOU3BOTHOTO THIIA;

- MPI_Type_size - 3ampoc MHUHHMAJIBHOTO («yKaroro») obbema
cooOIIeHHs1 ¢ TepeMEeHHOH NPOW3BOJHOTO THUNA IpPH Ieperade ee B
coobmenun.; - MP1_Type_free - cOpoc onucarens moib30BaTeIbCKOTO THIIA.

@OyHKIMK ~ BBIMOJHAIOT — IOJIEMEHTHO  3aJaHHYI0  OIEpalMI0  Haj
dJIEMEHTaMH paclpeAeieHHbIX MaccuBoB. MHtepdeiic MPI comepxur 4
pacrnpee/icHHbIC (DYHKIHH:

- MPI_Reduce - maccuB ¢ pe3ynbTaTaMu pa3MelacTcs B BbIICICHHON

BETBH,
- MPI_Allreduce - maccuB ¢ pe3yipTataMd pa3MemIaeTcsi BO BCEX
BETBSX,
- MPI_Reduce_scatter - maccuB ¢ pe3yJIbTaTaMy pacipeaesieTCss MEKITy
BETBSIMHU,

- MPI Scan : ananornuna ¢ynkiuu MPI Allreduce. Ho conepxxumoe
MaccUBa-pe3yJibTaTa B 3aj1a4e i SBISETCS Pe3yJIbTaTOM BBIIOJIHEHUE ONEPaIiH
HaJ MacCHBaMU U3 3a7a4 ¢ HoMepamu oT 0 10 1 BKIIIOUHTEIBHO.

B MPI npenonpenenens! 12 onucaTeneil Mo31eMeHTHBIX ONEPaLUi: -

MPI MAX u MPI MIN —TOHCK MO3JI€MEHTHBIX MaKCHMyMa M MUHH-
MyMa,

- MPI_SUM - cymma BEeKTOpOB;

- MPI_PROD - noaseMeHTHOE MPOM3BEICHUE BEKTOPOB;
- MPI_LAND, MPI_BAND, MPI_LOR, MPI_BOR, MPI_LXOR,

MPI_BXOR - noruueckue u gondnsie ornepanuu 1, NN, uckirouaromiee
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W,
- MPI_MAXLOC, MPI_MINLOC — nouck

prrma - 3TO HEKOE€ MHOKECTBO BETBEII. OZ[Ha BETBH MOJKET OBLITh YWIECHOM
HCCKOJIbKUX I'PYIIII.

O6mnactp cBs3u ("communication domain") - 3T0 abCTpakTHOE MOHSATHE,
CBSI3aHHOE C KOMMYHHKAaTOpoM. OOJIacTh CBSI3M aBTOMATHUYECKU CO3IAIOTCS U
YHHUUYTOXKAIOTCS BMECTE ¢ KOMMYHHKATOPaMH.

OnmHOlt  oOjacTM  CBSI3M  MOTYT  COOTBETCTBOBAaTh  HECKOJIBKO
KOMMYHHUKAaTtopoB. KOMMyHHKaTOpsl (YHKIMOHUDPYIOT HE3aBUCHUMO H
HapasuleNIbHO BO BPEMEHHU.

(DyHKIlI/II/I CO3JaHUA-YHUYTOXCHUSA I'PYIIIL:

- MPI_Group_XxX - co3maet HOBYIO TPYIITY C HY>KHBIM Ha0OpOM BeTBeit
Ha 0a3e CylecTBYIOLICH IPYIIILL,

- MPI Comm group co3pmaer Tpymnmy, Ha KOTOPYIO YKa3bIBaeT
COOTBETCTBYIOIINM KOMMYHUKATOP,

- MPI_Group_free — yuuutosxkaer rpymmy.
@OyHKIUM CO3JaHUs] KOMMYHHUKATOPOB:
- MPI_Comm_dup — komupyeT 0/iMH KOMMYHHUKATOP B PYTOif,
- MPI_Comm_split — pacmennsier rpymmy — CyHIECTBYIOIIETO
KOMMYHHKaTOpa Ha HEeTlepeceKaronrecst MoATPy b,

- MPI_Comm_create co3naeT KOMMYHHUKATOP IS TPYTITIBL.
- MPI_Group_free.

3ajganue
W3zyuuts onucanne MPI — unrepdeiica.

Pazpaborats Oubmmotexy ¢ynkumii MPI-unTepdeiica s sA3bIKa
nporpammuposanust C/C++.

B Oubmmorexky B 00s3aTEIBHOM TOPSAKE TOJKHBI OBITH BKIIOYSHBI
¢yaxoun MPI_Init(), MPI_Size(), MPI_Rank(). Jlomxna ObITh peann3oBaHa
MUHHMYM OJIHA (YHKIUS KOJUICKTHBHOTO OOMEHa.

[IpoBecTH KOMIUIEKCHYIO OTIagKy (yHKIMA OHONMHOTEeKH KOMaH[

NETBIOS u ou6nunorexkn MPI.
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[IpoBecTn TecTHpoBaHWE HANEKHOCTH U MPOMYCKHOW CIIOCOOHOCTH
¢yaxunit oubmuorexkn MPI.

CraenaTh BBEIBOJIBI 10 HTOTAM IIPOJEIIaHHOM paboTEHI.

25 IIpakTnueckoe 3ansaTHe «TexHoT0rNsI MPOrpaMMUPOBAHMSA
OpenMP»

Heab padoThl

Wzyunts TexHOnoruto OpenMP u OCHOBHI pa3pabOTKH MapauIeIbHBIX
MPOTPaMM JUII MHOTOSLIEPHBIX MIPOLIECCOPOB, HAMCATh U OTJIAIUTh Ha si3bIke C
napaieNbHyI0 IporpaMMy Ul pelleHHs IOCTaBJICHHO 3a/1auu Ha CUCTEME C
0011l TaMATBIO.

TeopeTnyeckue cBegeHUs

Texnonorus OpenMP B HacTosIIee BpeMs sIBISETCS OAHUM M3 Hambonee
MOMYJIIPHBIX CPEJICTB NapaljIeIbHOIO TPOrPaMMHUPOBAHUS [T KOMIIBIOTEPOB C
obmeit mamaThio, Oasupylomeics Ha TPaJUIMOHHBIX TOCIEI0BATENbHBIX
A3bIKaX MPOrpPaMMHPOBAHUS U UCIIOJIB30BAHUN CHEIMATIBHBIX KOMMEHTApHUEB.
3a ocHOBy Oepércsi mociemoBaTelibHas IIporpaMma, a Uil co3/laHus e€
MapajuleJIbHOM BEPCHM TOJIB30BATENI0 IIPEAOCTaBIsieTCss HAOOp JHUPEKTHB,
(hyHKIHMH ¥ TIepeMeHHBIX OKpykeHus. Texnomorus OpenMP HameneHa Ha To,
YTOOBI TIOJIB30BATENb UMET OJMH M TOT XK€ BapHaHT MPOTPaMMbl Kak I
MapajienbHoro, TaK W U IOCJTIEOBATEIbHOTO PEXHMa BBIIOTHEHUS.
[Mapannenusm B OpenMP peanusyercs ¢ MOMOIIBI0 MHOTOMOTOYHOCTH. [Ipn
3alycKe IPOTrpaMMBl CO3JAeTCs €IMHCTBEHHBIM «IJIABHBINY) (master) MOTOK,
KOTOPBI 3aTeM co3/1aeT Habop «IOAYMHEHHBIX» (slave) mOTOKOB, U
BBIYUCIICHHS pacTIpeieIsIIOTC MEX Ly BceMu rmotokamH. [Ipenmnonaraercs, 9ro
MOTOKH BBIMOJHSIOTCA NapajlIeNbHO Ha MAIIMHE C HECKOIBKHMH ITPOLECCOPAMU
(simpamu), IpUYEM KOJIMUYECTBO IPOIIECCOPOB/siiep HEe 00s3aTEIbHO JIOIKHO
ObITH OOJIbIIIE WJIM PaBHO KOJMYECTBY IOTOKOB. J[pyrMMu cioBamH, IOTOKH
HapaJuleJIbHOM MPOrpaMMbl MOTYT OOBIYHBIM 00pa30M KOHKYPHPOBATh MEXIY
co0oii 3a Bpemst mporieccopa/siapa.
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BaxnapmM mocromHcTBOM TexHONormu OpenMP sBiseTcs BO3MOXKHOCTB
peanu3anyy TaK Ha3bIBAEMOI0 MHKPEMEHTAJIBLHOTO IPOrpaMMUPOBAHUS, KOT/AA
MIPOrPaMMHUCT IIOCTENIEHHO HAaXOAWT YYAacTKU B IpOTrpaMMe, COIEpIKallue
pecypc napamienn3mMa, ¢ IOMOILIBIO NPEAOCTaBIIEMbIX MEXaHU3MOB JIENAET UX
napajulebHBIMU, a 3aTeM MEPEXOAUT K aHAIHU3Y CIEAYIOUIUX YYacTKOB. Takum
00pa3oM, pacrapasie/icHHbIC YYaCTKU MOCTEIICHHO OXBATHIBAIOT BCE OOJBIIYIO
9acTh MPOTPaMMBI. DTOT MOJXOJ 3HAYUTEIHLHO 00JIEryaeT MpoIece afanTaium
Moce0BaTeAbHBIX MPOrpaMM K TMapajulebHbIM KOMIIBIOTEpPAM, a TakKke
OTJAAKY U ONTUMHU3AIMIO IPOTPAMM.

Mopens HCHONHEHUS Napajule]bHOW MTpPOrpaMMbl, MOJITOTOBJIEHHON C
nomotplo TexHonorun OpenMP, MoxHO cdopMyIHPOBaTh ClleYIOIIUM
obpazom:

- [porpamma COJCpXKUT Habop MOCIEAOBATENbHBIX M MapalIeIbHBIX
oOnacTei (MM CeKIHi MITH PETHOHOB);

- B HayalbHBIi MOMEHT BPEMEHH CO3[aeTCsi TIJIaBHBIH IMOTOK,
BBITIOJTHSIOIINI BIIOCIIEACTBUH BCE TOCIIEI0BATEIbHbBIE 00JIaCTH IPOrPaMMBIL; -
IpU BXOJEe B HapaljelbHyI0 00JacTh TJIaBHBIM ITIOTOKOM BBIIIOJTHAETCS
ormeparmsi  fork, moposkmaromass COBOKYHNHOCTh ITOJYMHEHHBIX ITOTOKOB.
Kaxxmp1it TOTOK IMeeT CBOI YHUKANBHBINA YHCIIOBOH HIeHTH(HUKATOP (TIIaBHOMY
notoky cootBercTByerT 0). IIpu pacrapaiennBaHUH LIUKIIOB BCE TTapaslieNIbHbIe
MOTOKM HMCIOJHSAIOT OAMH M TOT K€ KOJ, HO C Pa3HBIMH JaHHBIMH. B o0mem
Cilydae TIOTOKH MOT'YT HUCIIOJIHSTB Pa3In4HbIe (pparMeHThI
KOJ1a;

- IIpU BBIXOJIC U3 napannenLHoﬁ 06J'IaCTI/I BCEMHU IIOTOKAMMU BBIIIOJIHACTCS
oreparys join. 3aBepIaercst BHIIOJHEHHE BCEX MOTOKOB, KPOME TJIABHOTO.

OOBIYHO  JOTMyCKaeTcs  BO3MOXKHOCTh  OOpa3oBaHUsI  BJIOKEHHBIX
napajuleNbHBIX 00JacTel, Korja MOTOK, CO3JaHHBIA Kak JIOTOJHUTEIbHBIMH,
CTAaHOBHTCS Master-moTOKOM Jisi HOBOW MapauieIbHOM 00JIacTH.

[Hox OpenMP mnoHumaeTcsi COBOKYMHOCTH CJIEAYIOUIMX KOMIIOHEHT: -
Jlupekmugvl  KOMnunAMOpa - WCIOJNB3YIOTCS JUISl CO3/IaHUsl IOTOKOB,
pacrnpeneeHus: paboThl MEXAY MOTOKAMH M MX CHUHXPOHHU3AIMH. J|HPEKTHBEI
BKJIIOUYAIOTCS TPOIPAMMUCTOM B UCXOJHBIA TEKCT NPOTPaMMBI.

- Tloonpozpammer 6ubIUOMEKU BPEMEHU BbLINOIHEHUs - UCTIOIb3YIOTCS
JUIL YCTAaHOBKM M ONpENeNICHHs aTpuOyTOB TIOTOKOB. BBI30BBI 3THX
HOATNPOTPaMM BKIIFOYAIOTCS IIPOTPAMMHUCTOM B HCXOJHBIH TEKCT.
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- Ilepemennvie oxpyscenus - HCHONB3YIOTCA I  yIpaBICHUS
MOBEJCHUEM MapajyIeIbHONM MporpaMMsbl. [lepeMeHHbIE OKpYKEHHS 3aJal0TCs
JUIA Cpedbl BBINOIHEHUS IapajulebHON IMPOrpaMMBbl COOTBETCTBYIOIIMMU
CPeICTBaMU ONEPALIIOHHON CHCTEMBI.

Hcnonp3oBaHUE OUPEKTUB KOMIWIATOpAa W HOANPOTPaMM OMOIMOTEKH
BPEMEHHU BBINOJIHEHNS TMOAYUHAECTCSA INpaBUIAM, KOTOPBIE Pa3NUYaAIOTCS IS
Pa3HBIX A3BIKOB MporpaMMupoBaHusl. COBOKYIHOCTb TAKHX MPABHJI IS OJTHOTO
s3bIKa IPOTPAMMUPOBAHUS Ha3bIBaeTCs MNPHUBSI3KOM K s3bIKy. TexHosorus
OpenMP coznana u nogaepxusaetcs s s36ikoB C, C++ u Fortran. Ha stom
MPaKTHYECKOM 3aHSATHH IIPeIoNaraeTcst ucnoss3obanue si3pika C/C++ B cpene
pa3pabotku Microsoft Visual Studio (waumnas ¢ Bepcum 2005). s Toro,
4TOOBI €€ KOMITUIISITOP HYXKHBIM 00pa3oM pearupoBai Ha aupektuBsl OpenMP
U CTPOMI MapajUielbHYI0 MOpOrpamMMmy, B KOMAaHIHYI CTPOKY €ro 3aImycka
JODKHA OBITh BKJIIOYEHA OMIMs /openmp (HampuMep, MyTEM BKIIOYEHUS
(maxka «OpenMP support» B cBolicTBax mpoekra Ha 3akianke Configuration
properties\C/C++\Language).

Hnst toro, uro6sl B mporpamme Ha s3bike C/C++ cramm AOCTYITHBI
BO3MOXKHOCTH TexHosorun OpenMP, B Hee Hy»KHO BKJIIOUUTH 3arOJIOBOYHBIN
(hati omp.h: #include <omp.h>

Ecim 3Ty  mporpaMMy — TpaHCOMpOBaTh  KOMIIMISTOPOM, — HE
HOIep KUBAIOIIMM TexHosoruio OpenMP, To oHa OyeT nocTpoeHa B 00bIYHOM
TIOCJIC/IOBATENILHOM (OJHOOTOYHOM) BapHaHTE, MOCKOJBKY BCE JUPEKTHBEI,
3aJal0IIne pacnapauiesinBaHne, ohOPMIISIOTCS B BUJIE TaK HA3bIBAEMbIX ITParM
(pexoMeHaanuii), 1 MPOCTO HTHOPUPYIOTCS TAKUMHU KOMITHIIITOPAMH.

B mporpammax nHa s3pike C/C++ Bce mparMmpl, HMeHa QYHKIUA H
nepeMeHHbIX okpyxeHusa OpenMP HaumHaroTcs co cTpoku «ompy. Dopmat
JUPEKTUBBL:

#pragma omp aupexTusa [omust [, o 2, ...]]

Kaxxmass mupexkTuBa BMECTE€ CO BCEMH €€ OMIUSAMH 00s3aTeNHHO JOJDKHA
3aHMMaTh POBHO OJHY CTPOKY Tekcra. JleficTBue HEKOTOPBIX TUPEKTHB
pacmpocTpaHsieTcss TOJNBKO Ha OAWH omnepatop (WId ONOK OmepaTopos,
3aKJIFOYCHHBIX B (UTypHBIE CKOOKHM), HEIOCPEICTBEHHO CIEAYIONMHA 3a
JUPEKTUBON B TEKCTE MPOTrpaMMbl. JIist TaKUX TUPEKTHB Oy/eT yKa3aH.

[lepeuens aupextnB OpenMP Briogaer B ce0st:

Mupexmuga 3a0anusa napanienbHo GblNOIHAEMOU CEKYUU:
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#pragma omp parallel [omms_1[, o2, ...]]
<cmpyxmypuwiii 010K K00a>

C IOMOIIIBIO OTIIHIA ATOI TUPEKTUBBI MOXKHO YKa3aTh:

- TpebyeMoe KOJIM4YecTBO MOTOKOB n (num_threads(n));

- yCIOBHe, TIpH KOTOPOM TapajuiesibHas o0JacTh JCHCTBHUTENBHO
cosnaetcs (if(ycnosue));

- COHMCOK OOHIMX MEPEeMEHHBIX sl BCEX MOTOKOB [AaHHOW CEKIIUU
(shared(crimcok mepeMeHHBIX));

- CIHCOK MEPEMEHHBIX, KOTOPBIC OYIYT JOKAIbHBIMH B KaXKJJOM MTOTOKE
cekiuu (private(CIMCOK MEPEMEHHBIX)), MPHYEM UX HAYaJbHBIC 3HAUCHHS HE
OyayT ompeseNeHsl;

- CIIMCOK MEPEMEHHBIX, KOTOPbIE OyIyT JOKAIbHBIMU B KQXKIOM ITOTOKE
cekiuH (firstprivate(CIICOK IEPEMEHHBIX ) ), TPUYEM B KaUeCTBE UX HAYaIIbHBIX
3HAYEHUH OyAyT YCTAHOBJICHBI 3HAYCHUS OJHOMMEHHBIX MEPEMEHHBIX W3
[JIABHOTO MOTOKA,;

- cmoco0® HasHaueHHs Kkiacca mamsatu default(shared|none) Bcem
MEPEMEHHBIM TIOTOKOB, KOTOPBIM KJIaCC HE Ha3HAYCH SBHO C IIOMOIIBIO OIIUH
shared (c10BO none o3HavaeT, 4To Kjacc MaMATH BCEX JOKAIbHBIX IIEPEMEHHBIX
JOJDKeH OBITh 3aJaH $BHO); B peayu3aunusx s s3bika Fortran moryt
Ha3HayaThcs Kilaccel private u  firstprivate; - CIHCOK TePEeMEHHBIX,
0OBsIBICHHBIX IUpeKTHBOW threadprivate (cM. HMXKE), KOTOpbIE NPU BXOZE B
NapajuIeNIbHY0 CEeKIHI0 MHUIMAIN3UPYIOTCSl 3HAYEHHSIMU COOTBETCTBYIOIINX
MEepEeMEHHBIX B TOTOKE-MacTepe; - OIepaTrop CBEISHUS M CIMCOK OOIIMX
nepeMeHHBIX reduction(omepaTop : CHOHCOK NEPEMEHHBIX); [UIA KaIOu
YKa3aHHOH B CHHCKE IEPEeMEHHON CO3MAIOTCS JIOKANbHBIE KOIHH B KaXKIOM
MOTOKE; JIOKAJbHBIE KOMUH WHHLMUAIU3UPYIOTCS COOTBETCTBEHHO THITY
orepatopa (sl aAJUTHUBHBIX OlEpanuil HOJIb WIM €ro aHaJord, Ui
MYJbTHIDIMKATUBHBIX OMNEpaIfii CAWHWIA WO ©€ aHaJorH); HaJX BCEMH
JIOKaJIbHBIMU KOTIMSIMU KaKJ[01 IIepeMEHHOM MOce 3aBepIICHUs NapalIeIbHON
CeKIMU OyAeT BBIMOJHEH 3aJ[aHHBII ONepaTop CBEJCHUS, Pe3yJbTaThl OyayT
3aHEeCeHbI B OJIHOMMEHHBIE 00IIIMe MepEMEHHbIE; B KaUueCTBE ONeparopa MOKHO
yKaspBaTh: +, — *, &, |, ®, &&, |.

Jupexmuea onpedeneHus yukia, umepayuu Komopozo HYHCHO

pacnpedeﬂumb Meofcdy napaiiejivHo 6blNOJIHAECMbBIMU ROMOKAMU:
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#pragma omp for [onuus_1[, omus_2, ...]]
<cmpykmypHblil 610K K00a>
C HUCOJIb30BaHMEM OIIHI JUPEKTHBEI for MOXKHO yKa3aTh:

- CIIMCOK MEPEMEHHBIX, KOTOPBIC OYIYT JIOKATBHBIMU B KaXKIOM MOTOKE
cekiuu (private(CIuCcOK MEPEeMEHHBIX)), MPHYEM UX HAYadbHBIC 3HAUCHHS HE
OyayT omnpesieNieHbI;

- CIIMCOK MEPEMEHHbBIX, KOTOpbIE OyIyT JIOKAIbHBIMU B KQXKIOM ITOTOKE
cekiuH (firstprivate(CIICOK IEPEeMEHHBIX ) ), TPUYEeM B Ka4eCTBE UX HaYaIIbHBIX
3HAaYCHUHN 6y}1yT YCTAHOBJICHBI 3HAYC€HUSA OJHOMMCHHBLIX ICPCMCHHBIX U3
TJIABHOTO TIOTOKA;

- COHCOK TMepeMeHHbIX minaBHoro mortoka (lastprivate (cmmcok
MEPEMEHHBIX)), KOTOPbIM OYAyT NPHUCBOEHBI 3HAYCHWUS, IOJYYEHHBIC IPH
BBIIIOJTHEHUU TIOCIIEAHEH WTEpaluy LUKIA; - ONEepaTop CBEACHHS M CIHCOK
o0mux nepeMeHHBIX reduction(omepaTop : CIHCOK MEPEMEHHBIX); IS KaXX IO
YKa3aHHOW B CIHCKE MEPEeMEHHOH CO3Ial0TCs JIOKANbHBIE KOIMHMU B KaXXIOM
NOTOKE; JIOKAIbHbIC KOIMHM WHHULIUAJIH3UPYIOTCS COOTBETCTBEHHO THITY
omeparopa (11 AaIIUTHBHBIX OIEpalyii HONb WM €ro aHajord, s
MyJBTUIUIMKATUBHBIX ONEpalii eAWHUIla MM e€ aHaJorH); HaX BCEeMH
JIOKIbHBIMH KONUSIMH KaXKA0# IIepeMeHHOM MocIie 3aBepLICHUs TapaliesIbHOMI
CeKIMM OyAeT BBINOJHEH 3aJaHHBIA ONEpaTop CBEICHUS, PEe3yJbTaThl OyAyT
3aHeCceHbl B OJIHOMMEHHbIE 00IIIMe NepEMEHHbIE; B KaUueCTBE ONeparopa MOXKHO
yKasbiBath: +, —, *, &, |, N, &&, ||;

- cnoco® pacmpeieneHus UTEpaldid  [MKIa MEXIy IO0TOKaMHU
napanensHoi cekimu (schedule(type[, chunk])); mapametp chunk stoii omiguu
ompenenseT KOIWYECTBO HTEpanuii Ha OAWMH MOTOK (10 yMmomyaHuioo 1),
napameTp type yKa3bIBaeT THII paclpelesieHHs 1 MOXXET HMETh 3HAUCHUSL:

* static — craTudeckuii, T.€. IPU KOMITHJISIIUH,
* dynamic — IMHAMHYECKHH, T.€. TIPH BBIMOJHEHUH,

* guided - mMHAMHYECKHI C YMEHBIIEHMEM KOJMYECTBA MTEpAIMil Ha
MOTOK OT Ha4ajbHOTO, ONPENECIEMOr0 ABTOMATHYECKH, JO 3HAUEHHMS
chunk,

*auto — crmoco0 pacmpeneneH!sT BBHIOMPACTCS KOMITHIIATOPOM WA
HCIIOJIHSIONIEH CUCTEMOMH,

17



* runtime — coco6 pacnpeneneHus 3a1aeTcs CeuaTbHON MePEeMEHHOI
OKPYXCHHSI OTIEPAI[HIOHHON CHCTEMBI;

- BO3MOXHOCTH (omius ordered) MOSIBJIEHUS] B TeJE IHUKJIA JAPEKTHBBI
ordered, koTopasi TpeOyeT UCIIOTHEHUS 0XBAYCHHOTO €O OJIOKAa OTMEPaTOPOB B
TOYHOCTH B TOH e MOCIIEI0BATEILHOCTH, KaKasi peain3yercs B

MOCJeI0BaTEbHOU BCPCHUU JAHHOTI'O IUKJIA,

-OTMeHy (nowait) HesSBHOH OaphepHOH CHHXPOHH3AIMHA IIOTOKOB,
JOCTHUTIIMX KOHIIA BBITOJHEHMS CBOSH YaCTH UTePALMid IUKJIA (TIPH OTCYTCTBUH
9TOH ONIMM YYaCTOK MPOTrPaMMBbl IOCJE IMKJIa OyAET BBINOJIHATHCS TOJIBKO
TOTAa, Korja BCE MOTOKU BBLIITOJIHAT BCE CBOU UTCPALlU;

-  rIyOMHY n BJIOXEHHBIX Jpyr B zpyra 1wmkioB (collapse(n)),
MPOCTPAHCTBO HTEpAlMii KOTOPBIX MOJUICKUT PACHPENENICHAI0 MEXKIY
napajuielIbHBIMH TIOTOKaMHM (JJOCTYITHO TOJIKO B pealn3alyu 2.5 TeXHOJIOTUH
OpenMP);

HupektuBsl parallel u for MoXHO OOBEIMHATH B OJHY IMPEKTUBY, B
KOTOpPOW MOXXHO YKa3bIBaTh OIIMU KaK JUPEKTHBHI parallel, Tak u JUpPEKTHUBBI
for:

#pragma omp parallel for [ormust_1[, ormus_2, ...]]

Hupexmuea, ykaszviearwwias HA  HEOOXOOUMOCHMb  UCHOIHEHUS
0X6ambleAeM020 el yuacmka Koda (uacmu mena UUKIA) 6 MOl
HOC1e006AMENbHOCIU, 6 KOMOPOW OH  6LINOAHAEMCA 6  HYUCHO
HOC1e006AMETbHOM PercUMe

#pragma omp ordered

<cmpykmypuwlii 010K K0O0a>

Jupexkmuea 3a0anua oo6aacmu HeYUKIUYECKO20 napanneausma (yuacmiu
CHPYKMYPHO20 0710KA K0OQ, KOMOpble MOZYHl GbINOIHAMbBCA NAPAJINETIbHO,
6bLOCIAIOMCSL ¢ HOMOWBIO ORUCHIBAEMOTL Odslee OUPEKMUGBDL Section).

#pragma omp sections [omums_1[, omums_2, ...]]

<cmpykmypuwlil 010K K0Oa>
B xavecTBe onmuii TON TUPEKTUBBI MOKHO yYKa3bIBaTh private, firstprivate,
lastprivate, reduction u nowait, UMEIOIINE B TOYHOCTH TAKOH YK€ CHHTAKCUC H
TOT K€ CMBICII, YTO ¥ Y TUPEKTUBHI for.
Hupexmuga onpedenenua yuacmka HEYUKIUYECKO20 KOO 01 00HO20
nomoxa: #pragma omp section
18



C moMompI0 3TOM IUPEKTHBHl BHYTPH yYacTKa KOJIA, OXBAdCHHOTO
JTUPEKTUBOU sections, BBIIECIAIOTCS OTACIBbHBIC (ParMEHTHI JJIS MCIIOTHEHUS
nmapajuiebHBIMI TTOTOKamMu. Ilepex cambIM TepBBIM (pparMeHTOM ydacTKa
HETMKIIMIECKOT0 KOAa AUPEKTHUBY Section MOKHO HE YKa3bIBATh.

Jupexmuea 00vaenenusa cnRUCKA J1O0KAIbHbIX HEPEMEHHBIX NOMOKOG
#pragma omp threadprivate(cnucok nepemennvix)

OTa QUpEeKTHBa MO3BOJSIET CHIENATh JOKaJIbHBIC KOMHMH IS CTATHYECKHUX
nepemeHHBIX A3bika C/C++ (1 COMMON-6110K0B si361ka DopTpaH), KOTOpHIe
10 YMOTYAHUIO SIBIISTFOTCS OOIIAMIL.

Jupexkmuea co3z0anus omoenvHoll He3aeucuUMoil 3adauu (HauuHas ¢
eepcuu 2.5 OpenMP): #pragma omp task [omms_1[, onmus_2, ...]]

<cmpyKkmypHblil 010K K00a>

Texkymuii HOTOK CO3Mae€T B KAdeCTBE 3aJa4d ACCOLMUPOBAHHBIA C
JIMPEKTUBOW OJIOK OIepaTopoB. DTa 3ajaya MOXKET BBINOJHATHCS HEMEUICHHO
Hocle CO3JaHMS WM ObITh OTJIOXKCHHOM Ha HEOIpeNeNEHHOE BpeMs H
BBINOJIHATHCS MO YacTsIM. Pasmep Takux gacTeil, a Takke HOPSIOK BBITIOJIHEHHS
gacTell pasHbIX OTIO0KEHHBIX 3a/1a4 onpenensercs peanusanueit OpenMP.

Bo3moskabIe OIIIHUM:

- if, default, private, firstprivate u shared — UMEIOT TaKO# k€ CHHTAKCUC
" CMBICJI, KAK U B HpeI[BI}IyHII/IX I[I/IpeKTI/IBaX;

- untied — o3Hauaer, 4TO B Ciiyyae OTKJIAABIBAHUS 3a]a4a MOXKET OBITh
OPOJODKeHA  JIFOOBIM ~ TOTOKOM M3  YHCJIA  BBIIOJHSIONMX  JTAHHYIO
napajie/ibHyt0 00J1acTh; €CM JaHHAs OIIMsS HE yKa3daHa, TO 3ajada MOXKET
6I)ITI> MIPOJAOJIKEHA TOJILKO MMOPOANBIINM eé IIOTOKOM,

Mupexmuea 0xcuoanus NOMOKOM 3a6EPUICHUSL 6CEX HE3ABUCUMBLX 3A0aY,
3ANYUICHHBIX UMEHHO U3 OAHHO20 HOMOKA:

#pragma omp taskwait

upexmuea, mpeodyrouwias UcCnoiHeHUs 0X8AUEHHOZ0 €10 YUACMKa K0Oa 6
mounocmu 00HUM (71100bIM) HOMOKOM:

#pragma omp single [onuus_1[, ormus_2, ...]]

<cmpykmypHblil 010K K00a>

OHLII/II/I JUPEKTUBBI ITO3BOJIAIOT YKa3aTh:
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- CIOHCKM TepeMeHHBIX private u firstprivate, mMeromme TakoW xe
CHHTaKCHC M CEMaHTHUKY, KaK B paHee ONMCAHHBIX AUPEKTUBAX;

- CIHCOK MEPEMEHHBIX (Copyprivate(CIHCOK MEPEMCHHBIX)), 3HAUCHUS
KOTOPBIX IOCIIC BBIMOJHCHHUS CTPYKTYpHOTO OJIOKa, 3aaHHOTO NUPEKTUBOM
single, OyAyT 3aHECEHBI BO BCE OJTHOMMEHHBIC JIOKATbHBIC TIEPEMEHHBIC (private
u firstprivate), 3amaHHbIC ISl OXBATHIBAIOUICH MapayUIeIbHON CEKIMU; 3Ta
OMIIUS HE MOXKET HMCIOJB30BATHCSA COBMECTHO C OMIMEH nowait; mepeMeHHBIC
CIFICKa He JIOJDKHEI OBITH TIEpEUHCIIeHBI B ONIUAX private u firstprivate manHOM
TUPEKTHUBHI single;

- oTMeHy (nowait) HesSBHOH OapbepHOW CHHXPOHH3AIMH IIOTOKOB,
JOCTUTIIMX TOYKH, CIEAyIOIeH 3a OJOKOM OIepaTopoB, OXBaYCHHBIM
JUPEKTUBOW single; mpuM OTCYTCTBUM OSTOH ONIMU Takas CHHXPOHH3ALU
BBITIOJTHSETCS.

Jupexmuga, mpeoylouias ucnonHeHUs 0X6aAUEHHOZ0 €10 YUacmKa Ko0a
271A6HBLM HOMOKOM RPOZPAMMBL.

#pragma omp master

<cmpykmyprblil 610K K00a>

DTOT CTPYKTYpHBIIl OJOK OyAET BBIIOJHEH TOJBKO TIJIABHBIM IMOTOKOM
nporpammbl. OcTajibHbIE MOTOKH HPOCTO MPOIYCKAIOT NAHHBIH Y4YacTOK H
NPOAOIDKAIOT paboTy € OlepaTopa, pacioIOKEHHOTO ClieIoM 3a HUM. HesiBHOM
CHHXPOHH3ALMK J[aHHAas JAUPEKTHBAa HE mpenmnonaraet. /JJupekmuea saeHoil
oapvepnoi cunxponusayuu: #pragma omp barrier

[ToTOKH, BEIONHSFOLINE TEKYLIYO TapaJUICIIbHYFO CEKIHIO, JOWIS 10 STOH
JHMPEKTHBBI, OCTAHABIIMBAIOTCS U XKIYT, TI0Ka BCE TIOTOKU HE NOMIYT 10 ITOMH
TOYKH HPOrPaMMBI, HOCJIE Yero pasOIOKHUPYHOTCS U MPOAODKAIT paboTaTh
naneire. Kpome Toro, st pa3OiOKHPOBKM HEOOXOIUMO, dYTOOBI BCeE
CHHXPOHHU3HUPYEMbIC TOTOKH 3aBEPIIMIH BCE TIOPOXKIEHHBIC MU 3314l

(nmupexTuBHI task u taskwait).

ﬂupekmuea, Oﬁbﬂﬁﬂ}llowa}l Kpumuueckyro cekyuro — ydacToOK
napannenbﬂoﬁ obnactu IporpaMmel, KOTOpLIfI CANHOBPEMCHHO MOKET

BBITIOJTHATHLCS HE 0oJiee, YeM OJTHUM TMOTOKOM: #pragma omp critical [()]
<cmpykmypHblil 010K K00a>

Ecmu KPUTUYECKAA CCKIUA YIKE BBIITOJIHACTCA KaKHUM-TI100 IIOTOKOM, TO BCC
OCTAJIbHBIC, BBINIOJITHUBIIUE OTY AWUPCKTUBY A CEKOUMU C JAaHHBIM HWMCHEM,
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OymyT 3abJIOKHpOBaHBI, MOKAa BOIICAIINN B CEKIMIO IOTOK HE 3aKOHYUT
BBEITIOJTHEHHE 3TOro OJoka koma. Kak TOJNBKO 3TO MpPOM3OWUACT, OOUH W3
3a0JIOKHPOBaHHBIX TOTOKOB BOMIET B KPUTHUECKYTO ceknuto. Ecii Ha BXoze B
KPUTHYIECKYIO CEKIIHIO CTOSUIO HECKOJIBKO IMOTOKOB, TO CIYYalHBIM 00pazoM
BBIOMpaeTCs OJUH W3 HHUX, a OCTalbHble 3a0JIOKMPOBAHHBIE IPOJIOJIKAIOT
OKUJIaHUE.

Bce HenMeHOBaHHBIE KPUTHYECKHE CEKIIMH YCIOBHO aCCOUUUPYIOTCS C
OJHIM U TeM e UMeHeM. Bce kpuTuueckue CeKLuy, MMEIOIe OJHO U TOXe
UMsl, pacCCMaTPUBAIOTCS KaK OJHA CEKIMd, Jake €CIU HaXOIATCS B Pa3HBIX
napajuiesibHbIX 00nacTsax. [I0004HbIe BXOJIBI M BBIXO/IBI N3 KPUTHUECKOM CEKIHH
3anpeneHbl.

[upexmuea 610KupoeKu 00cmyna K oouieil nepementoil u3 1eeoil uacmu
onepamopa NpuUcCeaAUSAHUA HA GPEMA GLINOIHEHUA GceX OelCMmEUll ¢ Imoil
nepemenHoll ¢ danHom onepamope: #pragma omp atomic

<omneparop NpUCBauBAHHI>

ATOMapHO# (OIOKHPYIOUIEH BBITIOMHEHUE OCTAJBHBIX MMOTOKOB) SIBISCTCS
TOIBKO padoTa ¢ MepeMEHHOM U3 JICBOW YacTH Omeparopa MPHCBauBaHU, TIPU
STOM BBIYHCIICHHUS B €0 MPAaBOH YaCTH, HCHOJB3YIOUINE APYTHE TIEpEMCHHEBIC,
HE 00s13aHBI OBITh ATOMaPHBIMI.

,Zlupekmuea akmyajauslayuu 3HayeHuil NEPeMEHHBIX NOMOKA.

#pragma omp flush [(criucok nepeMeHHbIX)]

3HaueHUs BCeX MEPEMEHHBIX (MIIM ePEMEHHBIX U3 CITHCKA, €CJIU OH 3a/1aH),
BPEMEHHO XpaHsIIMECS B PErHCTpaX W KAUI-MAMATH TEKYLIero I0ToKa,
3aHOCSITCS B OCHOBHYIO IIaMSITh; CJI€J0BATENIbHO, BCE U3MEHEHHS NIEPEMEHHBIX,
CJ/IeNlaHHbIE TIOTOKOM BO BpeMsi paboThl, CTAaHYT BHMMBbI OCTAJIbHBIM ITOTOKAM;
ecii Kakasi-To uHdopmanus xpaHutcs B Oydepax BeiBona, To Oydepsl OyayT
cOpOILIEHBI Ha BHEIIHUE HOCUTENHN U T.I. DTH JEUCTBHS TPOU3BOASATCS TOIBKO
C JaHHBIMH BBINOJHUBILICTO IMPEKTHBY IOTOKA, a JAHHBIC, M3MCHSBIIHECS
JpYTMMH TIOTOKaMH, HE 3aTparuBaroTcs. Jlo IOJHOrO 3aBepIIeHUs] 3THX
JIEWCTBUI HMKaKue Jpyrue Olepaluy C y4acTBYIOIIMMH B aupektuse flush
MEepEeMEHHBIMH HE MOTYT BBINOJHATHCSA. [109TOMY BBINONHEHHE JUPEKTHBBI
flush 6e3 crnmcka mepeMeHHBIX MOXET IOBJIEYb 3HAYNTEJbHBIC HAKJIAHbIC
pacxonpl. Eciau B JaHHBII MOMEHT Hy)HA TapaHTHsl COIJIACOBAaHHOTO
NPE/ICTABICHUSI HE BCEX, a JIMIIb HEKOTOPHIX MEPEMEHHBIX, TO MMEHHO HX
CJIe/IyeT SIBHO MEPEUUCIUTh B JUPEKTUBE CIICKOM.
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IlepeMeHHbIE OKPY:KEHUS

OMP_NUM_THREADS — xomuuecTBO IMOTOKOB B HOBOIl MapayuieabHOMN
oOnacru.

OMP_NESTED — BO3MOXHOCTh CO3[aHHS BIIOXKEHHBIX MapajlIeIbHBIX

obnacTei.

OMP_MAX_ACTIVE_LEVELS — makcumainbsHast TTyOWHA BJIOKEHHOCTH
MapajuieNbHBIX 00acTeil.

OMP_DYNAMIC — BO3MOXHOCTb AMHAMHYECKOTO  ONpEIeNCHUS
KOJIMYECTBA IIOTOKOB (nmeet 60b1IHit IIPUOPHUTET, 4eMm
OMP_NUM_THREADS). OMP_THREAD_LIMIT -  wmakcumaibHOe

KOJIMYECTBO MOTOKOB MPOrPaMMBI.
OMP_SCHEDULE - crioco6 pacmpeneneHus UTEparidii MUKIA I 3HAUCHS
runtime oy schedule nupexTussr for.

OMP_STACKSIZE — pa3mep cTeka Ka)xIoro MoTOKa.

OMP_WAIT_POLICY — BblaensaTh WM HET KBaHTHI IPOLIECCOPHOIO
BPEMEHH JKITyLIHM MOTOKaM.

Bubanorexka ¢ynkuuii OpenMP  double omp_get wtime(void); —
Bo3Bpamaer tekyiee Bpems. double omp get wtick(void); — Bo3Bparaer
pa3mep Tuka Taiimepa. int omp get thread num(void); — Bo3BpaiaeT HOMEp
notoka. int omp get max threads(void); — Bo3Bpam@er MakCUMaJbHO
BO3MOXHOE KOJIMYECTBO TIOTOKOB TSI CIIEAYIOIIEH mapauienbHON 06macTy. int
omp_get_thread_limit(void); - BO3BpaIaer 3HAYEHHE
OMP_THREAD_LIMIT. void omp_set num_threads(int num); -
yCTaHABJIMBAET HOBOE 3HAYCHHUE

nepemernoit OMP NUM_THREADS.

int omp_get_num_procs(void); — Bo3BpaiaeT KOJIMYECTBO MPOLIECCO-
poB/szep. int omp_get _dynamic(void); — BO3BpAILAET
3Hauenne OMP_DYNAMIC.

void omp_set_dynamic(int num); — ycraHaBnuBaeT HOBOE 3HAUYCHHUE TIe-
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pemennor OMP DYNAMIC. int omp get nested(void); — Bo3Bpamaer
saageane OMP_ NESTED. void omp_set nested(int nested);
YCTaHaBIMBAET HOBOE 3HAYCHNUE IIC-

pemenHoit OMP_ NESTED.

int omp_in_parallel(void); — Bo3Bparuaer 0, eciu GpyHKIHs BbI3BaHA U3
MOCJIeIOBATENEHOM 00IacT U 1, eci u3 mapaieIbHOH.

int omp_get_max_active_levels(void); — BosBpammaer 3HadeHne mepeMeH-
Hoit OMP_MAX_ACTIVE_LEVELS

void omp_set_max_active_levels(int max); ); — ycranaBnuBaeT HOBOE
snauenne OMP_MAX_ACTIVE_LEVELS  int omp_get_level(void);

BO3BpAIlAeT NIyOHHY BIO)XCHHOCTHU Mapail-

JIEJILHBIX 00JacTeM.

int omp_get_ancestor_thread_num(int level); — Bo3Bpaiaer HomMep moToKa,
MOPOIUBIIETO TEKYIIYO MapauICIbHYI0 00JIacTh.

int omp_get_team_size(int level); — BosBpamaer A 3aJaHHOTO
rnapamMeTpom level YPOBHA BJIOKCHHOCTH NapaJlJICJIbHBIX o0J1acTell KOJIM4ECTBO
IIOTOKOB, HOpO)K[[éHHI)IX OAHUM POAUTCIILCKHUM ITOTOKOM.

int omp_get_active_level(void); — Bo3Bpaiaet KoIU4eCTBO BIOKEHHBIX
napajjieJIbHbIX O6HaCT617[, O6pa6aTLIBaGMBIX Ooiee yeM OAHHUM IIOTOKOM.

Crnenytomast rpynna (QyHKIMH HMCHONB3yeTCS JUIS CHHXPOHHU3ALINHU
MapaJuIeJIbHO BBITTOJIHSIONIMXCS TOTOKOB C IIOMOIIBIO TaK HAa3bIBAEMbIX 3aMKOB

(lock).

void omp_init_lock(omp_lock_t *lock); — coznats (nHHMIHATH3UPOBATH)
MIPOCTOM 3aMOK.

void omp_init_nest_lock(omp_nest_lock_t *lock); — cosmaTs 3amok ¢
MHO>XXECTBCHHBIMHU 3aXBaTaMHU.

void omp_destroy_lock(omp_lock t *lock); — yHuutoxuThs mpocroii 3a-
MOK (TIepeBEeCTH B HEHMHUIHAIH3UPOBAHHOE COCTOSHUE).

void omp_destroy_nest_lock(omp_nest_lock_t *lock); — yruutoxuts

MHOYXECTBEHHBIH 3aMOK (TIepeBECTH B HEMHUIINAIN3UPOBAHHOE COCTOSHHE).
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void omp_set_lock(omp_lock_t *lock); — 3axBatuTts mpocToii 3aMoK (ecitu
3aMOK YX€ 3aXBaueH IPYTUM IIOTOKOM, TO NAHHBIH IOTOK TEPEBOIUTCS B
JKyIIee COCTOSHHE).

void omp_set_nest_lock(omp_nest_lock_t *lock); — saxBatute MHOXKE-
CTBEHHBIM 3aMOK (€clH 3aMOK YK€ 3aXBadeH IPYTUM IIOTOKOM, TO IAHHBII
MOTOK TEPEBOIUTCA B JKIyIIee COCTOSHHUE, €CIU 3aMOK 3aXBadeH JITUM XKe
MOTOKOM, TO YBEJIIMIUBACTCS CICTUHUK 3aXBATOB).

void omp_unset_lock(omp_lock_t *lock); — ocBoGoauTs mpocToit 3aMoK
(ecu ecTh MOTOKH, KAYIIHE €r0 OCBOOOXKICHIS, TO OIUH U3 HUX, BRIOMPASMBIit
CIlydaifHBIM 00pa3oM, 3aXBaTBIBaET 3TOT 3aMOK U IIEPEXOIHUT B COCTOSHHE
BBITIOJTHCHHS ).

void omp_unset_nest_lock(omp_lock_t *lock); — ymenbiiuTs Ha 1 KomH-
YECTBO 3aXBAaTOB MHOXKECTBEHHOTO 3aMKa (€CIHM KOJIMYECTBO 3aXBAaTOB CTAJO
pPaBHO HYIIO M €CTh MOTOKH, JKIYIINE €r0 OCBOOOXKICHHSA, TO OJWH W3 HUX,
BBIOMpaeMBbIil Clly4aifHbIM 00pa3oM, 3aXBaThIBAET ITOT 3aMOK M MEPEXOJHUT B
COCTOSIHUE BBITIOJTHEHUS).

int omp_test_lock(omp_lock_t *lock); — nonbITaThest 3aXBaTUTH IPOCTON
3aMOK (€CJTH TIOMbITKA HE yalach, T.C. 3aMOK YK€ 3aXBauCH IPYTUM MOTOKOM,
TO Bo3Bpamaetcs 0, nHaue Bo3Bpaimaercs 1).

int omp_test_nest_lock(omp_lock_t *lock); — monsITaThest 3aXBaTUTh
MHOYKECTBEHHBIN 3aMOK (€CIIH IMOTBITKA HE yIaNach, T.€. 3aMOK YXKe 3aXBaueH
JPYTUM TIOTOKOM, TO Bo3Bpainaetrcs 0, nHaue BO3BPAIIACTCS HOBOE 3HAYCHHE
CYEeTYMKa 3aXBaTOB).

3ajganue

W3yunts TexHomormio OpenMP wu cpeacrtBa cpeasl pa3paboTkH,
HCTIONIBb3YyEMBIE P pa3paboTKe U OTIaIKe apajlIeIbHBIX IPOTpaMM Ha OCHOBE
9TOU TEXHOJIOTHH.

Pa3paboTarth nociie10BaTeNbHBIN arOPUTM PELICHUs 33/1a41, HalnucaTh U
OTJIAAUTD NIOCIIEOBATEIBHYIO IPOTPaMMy.

MoanpuunpoBars TOCIEIOBAaTEIbHYIO IMPOrpaMMy IIyTeM BCTaBKH
JMPEKTUB 1 BbI30BOB (yHKIMH OpenMP, momyuuTs 1 OTIaIUTh NapaieIbHyo
[IPOrpaMMy peLIeHMs 3a1a4Hu.

IIpoananu3upoBath pe3ynbTaThl PELICHUS 3a1a4y AJIs 1OCNIEeA0BATEIbHOIO
U IapajlIebHOrO0 BaAPUAHTOB IIPOrPAMMBl, OLICHUTh OTKJIOHEHHS IOJIy4YEHHBIX
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pemeHnii Ipyr OT JIpyra W OT STAJOHHOTO (€CIH OHO M3BECTHO), OOBSICHUTH
NPUYHHBI OTKIIOHCHUH.

W3mepuTh U OLCHUTH BPEMEHHBIE XapaKTEPUCTUKH ITOCIE0BATEIHHON 1
HapaJUIeNbHOM MPOrpaMMbl, OOBACHUTE IOMyYeHHBIE cOOTHOIeHUs. CuenaTsb
BBIBOZIBI 110 HTOTaM IPOJCIaHHOM paboTHI.

2.6 [pakrunyeckoe 3anaTue «IIporpammupoBanue MBC
¢ rpaguYecKMMHU MPoLecCOPaMm»

eab paGoTbl
N3yuuts apxurektypy CUDA u OCHOBBI pa3pabOTKH MapajuieIbHBIX
IporpaMm 11 coBMecTHoro ucnonb3oBanust CPU u GPU.

TeopeTnyeckue cBegeHUs

CUDA (Compute Unified Device Architecture) mpencrasuser coboit
COBOKYITHOCTh ~ ammapatHoro (rpaguueckuit mpomeccop — GPU) wu
MIPOTPAMMHOTO 00€eCIIeUeH s, TPEI0CTABIISIONIET0 BO3SMOXHOCTH TIOATOTOBKH 1
HCTIOJIHEHHSI IPOrpaMM C OYEHb BBICOKON CTEIEHBIO NMapajuIeIu3Ma.

GPU ecth crienuaan3upoBaHHOE BBHIUYHCIHMTEIHLHOE yCTPOHCTBO, KOTOpOE
SIBIIIETCSL COTPOIIECCOPOM K OCHOBHOMY mpoiieccopy kommbioTepa (CPU),
o0mamaer COOCTBEHHOW TAMATBIO M BO3MOXKHOCTBIO  IapauIeIbHOTO
BBITIOJTHEHHS OTPOMHOTO KOJIMUECTBA (THICSYM U AECSATKH THICSY) OTAENBHBIX
HHUTEH (TOTOKOB) 00pabOTKM TaHHBIX coryiacHO Mozenun OKM/I.

Texunonoruss OpenMP u CUDA BnojiHe COBMECTUMBI M MOTYT
UCIIONIb30BaThCsl B OJHOM IMapaieNlbHOM IporpamMme Ui JOCTHOKEHHS
MaKCHMaJIbHO BO3MOYKHOT'O YCKOPEHHS.

Mexny notokam#, BoinonHsieMbiMd Ha CPU 1 moTokamu, BBIIOIHSAEMBIMA
rpaMYeCKuM MPOIECCOPOM, €CTh NPUHINIHAIBHBIE Pa3InIus:

- HuTH, BbIONHsAeMble Ha GPU, o6namator kpaiiHe HHU3KOH
«CTOMMOCTBIO» — WX CO3/IaHME W YIIpaBIeHHE MMH TpeOyeT MHHUMAaIbHBIX
pecypcoB (B oTiimuun ot norokoB CPU);
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- mna 3¢dexTtuBHOH yTHinm3amuu  Bo3MoxkHocTedr GPU  HyxHO
WCTOJIb30BaTh MHOTHE THICSYM OTACHbHBIX HUTeH (s CPU oObraHO ObIBacT
TPYAHO OpraHU30BBIBaTH Ooiee, yem 10-20 moToKoB)

[punoxenns, ucronp3yromue Bo3MoxkHoctd CUDA 1 mapaiuiensHOM
00paboTkn maHHBIX, B3auMmojeicTByloT ¢ GPU wdepe3 mporpammHbIe
uatepdeiicer, HazpiBaeMble CUDAruntime wmu CUDA-driver (oOpraaO
uarepdeiicet  CUDA-runtime u  CUDA-driver oxHOBpeMEHHO — He
UCIIOJIb3YIOTCS, XOTS 3TO B IIPHHIIMIIE BO3MOXKHO).

Iporpammer gt CUDA nmmryTest Ha "pacmupeHHoM” s3b1ke C, TIpH 3TOM
WX TapajulelbHas 4acTh (Tak Ha3bIBaeMBbIe «spa») BeimonHsercs Ha GPU, a
oObryHast mocnepoBarenbHasd 4acTb — Ha CPU. KOMIOHEHTBI apXUTEKTYpHI
CUDA, MNpUHUMAOIME y4acTHUC B MOATOTOBKE W HCIOJHCHUHN ITPUIIOKCHUSA,
ABTOMATHYECKH OCYIIECTBISIIOT pa3/ieliecHHe 4YacTed M YIpaBleHHE UuX
3aI1yCKOM.

C Touku 3penusi paspadborumka nporpammbl s CUDA rpaduyeckuii
MPOIIECCOp MPEACTABIIACT COOOM OMHO YCTPOMCTBO YIPABJICHUS W OTPOMHOE
KOJIMYECTBO apU(PMETHKOIOTHUECKHX ycTpoiicTB (AJIY), kaxnoe U3 KOTOPBIX
o0namaeT cOOCTBEHHON PErMCTPOBON MaMSThIO (pacHpeieleHUeM pPEerucTpoB
Mexay AJIY ynpasnser nporpammuoe obecnieuenne CUDA) u uMeeT A0CTym K
HECKOJIbKUM YPOBHSM NaMATH Pa3IMYHOrO oO0beMa M OblcTponeiicTBus. Bce
apu(METHKO-JIOTHIECKNEe YCTPOWCTBAa B JIIOOOW JaHHBIH MOMEHT BpPEMEHH
UCIIONIHAIOT OJHY KOMaHJy, BHIOpDaHHYIO W JE€KOAMPOBAHHYIO YCTPOHCTBOM
ynpaBieHus. PeaslbHO yCTpOWCTB yHpaBlICHHST HECKOJIBKO (MX KOJIHMYECTBO
3aBUCHUT OT Mojenu rpaduueckoro nporneccopa). COBOKYNHOCTh M3 OIHOTO
YCTPOWCTBA YIPABJICHHUS, CBA3aHHBIX C HUM apU(pPMETHKO-TOIHYCCKIX
YCTPOUCTB, PETUCTPOB, OBICTPOI pa3AEIIEMOM TAMITH, JOCTYITHON U3 KaXKJI0TO
AJ1Y, n Gonee MeaIeHHON JIOKaNbHOU HamsiTh Kaxaoro AJIY oOpa3syror Tak
Ha3bIBa€Mbl MYyJIbTUIIpOLIECCOP. Bce MynbTHIIpOLIECCOPBI MMEIOT AOCTYN K
ete Oojiee MEJICHHOMY K3IIIy TEKCTYp, KIIIIy KOHCTaHT M TJI00aJIbHON TaMsITH
YCTpOHCTBa, Yepe3 KOTOPYIO OCYLIECTBIISIETCS Iiepe/jaya IaHHBIX B/U3 OCHOBHOM
NaMsITH KOMITbIOTEpa. BHyTpeHHHME 3JeMEHThl HaMsATH MYJbTHIIPOIECcCOpa
HenoctynHel u3 CPU. OToOpa)keHne OJHOW WIIM HECKOJIBKUX MapaulelbHBIX
obJiacteil mporpaMMbl Ha COBOKYITHOCTH MYJIBTHIIPOLIECCOPOB OCYIIECTBIISIET
nporpammHoe obOecnedenne CUDA n  sBisieTcss  «IpO3padyHbIM» IS
nporpamMmMmucta. EMy Hy>XHO 3HaThb TOJIbKO O TOM, YTO C JIOTUYECKOW TOYKH
3peHus mapajuleIbHas 06JacTh nporpamMmsl («aapo» B TepmuHoaorun CUDA)

npencraBisier coborr cetky (grid) 6mokoB (block) moTtokoB (thread). Biok
26



MOTOKOB — 3TO HAa0Op MOTOKOB, BBIIOJIHSIEMBIX OJHUM MYJIBTHIIPOLIECCOPOM.
IToToxu ogHOTO 6JI0Ka MOTYT B3aHMOJICHCTBOBATh YEPE3 PA3ACISIEMYIO TIAMSTh
1 CHHXPOHHM3UPOBATHCSA MKy co00i. CeTka M (He3aBHCHMO OT Hee) KaXkKIbIH
n3 OJIOKOB MPENCTABIAIOT CO00H OIHO-, ABY- WIHM TPEXMEPHYIO CTPYKTYpY
0JIOKOB U TOTOKOB COOTBETCTBEHHO. KoIMUecTBO pa3MepHOCTEH U pa3Mepbl
KaxI0¥ U3 HUX 3ajaeT mporpamMmuct. Kaxaplii MOTOK mocie 3amycka UMeeT
JOCTYI K TEepPEeMEHHbIM (CTPYKTypaMm), XpaHsLIMM €ro CoOCTBEHHbIC
KOOpJHMHATHl BHYTPH OJIOKAa M KOOPIWHATHI OXBATBHIBAIOILETO OJOKa BHYTPH
CETKH.

Apxurekrypa CUDA npeaycMaTpuBaeT MUPOKHA HAOOp BO3MOKHOCTEH 1
MOJICPIKUBACTCS B BUcokapTax Heckoibkux juHeek (GEforce, Quadro, NVS,
Tesla, ION). Pa3ubie Mmoaenu rpadpuuecKux NpoueccopoB, pyHKIMOHUPYIOMINX
B TaKWX BHJCOKapTax, MMEIOT Kaxzas COOCTBEHHBIH HabOp IapaMeTpoB
(HanmpuMep — KOJNHMYECTBO pETUCTPOB, OOBEM pa3lensieMOd IaMsITH
MYJBTHIIPOIIECCOPA) M TOJICPXKHUBAIOT pa3Hble HaOOpPBHl BO3MOXKHOCTEH,
CTPYNIUPOBAaHHbIE B BepCHU apXHUTEKTypsl oT 1.0 mo 2.1 (1o cocrosHuio Ha
koHenn 2011 roma). JInmsd KaKAOTO YCTPOWCTBA TPOU3BOAWTENH YKa3bIBacT
nojaepxxuBaemyto uM Bepcuto CUDA, o HoMepy BepcHU MOXHO OIPEIeTUTh
3HAa4YEeHUs ITapaMeTPOB U JIOCTYNHbIE BO3MOXKHOCTH.

Pexomennyemas paspaboTunkamu APXHUTEKTYPHI TEXHOJIOTUS
MapaJuIeJIbHOTO MTPOTPaMMHPOBAHNUS COCTOUT B CIIEYIOIIEM:

1. CmuranupoBaTh pa3OueHHe 00pabaThIBAEMBIX JAHHBIX Ha (hparMeHTHI,
LEJIMKOM TOMEIIAoNIMecs B pa3lesieMyl0 NaMATh Ipaduueckoro
nporeccopa.

2. OGecrieunTh 3arpy3Ky JaHHBIX B I100anbHy0 namsate GPU.
3. 3amycTuTh SIpO, B IPOrpaMme Kaxaoro 6Joka:

3.1 BeIOAHNTH TIEpeMenIeHHE HYXKHBIX (ParMeHTOB [aHHBIX W3
r1o0abHON MaMSTH B JIOKAJbHYIO TaMATh OJI0Ka.

3.2 BrmoaHNTh TpeOyeMble BEIYUCIICHUS.
3.3 CkomupoBaTh CHOPMHPOBAHHBIE pPE3yJIbTaThl 00pPabOTKH U3

paszenseMoil maMsATH B TII00aIFHYIO TAMSTh YCTPOHCTBA.

4. TlepenecTd TONyUYEHHBIC PE3YNbTAThl M3 TAMATH TpadUIecKOro
mporeccopa B OCHOBHYIO TaMsThb KOMITBIOTE€PA, BBIMIOJHUTH HX
OKOHYATENbHYIO0 00pabOTKy MIIM BBIBECTH HA BHEIIHUNA HOCHTEIIb.
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PacmmpenHas cpeza mporpaMMHUpOBaHus [T s3bIka C BKITIOYACT:

- Pacmmpenns cuHTakcmca mis HammcaHus koma mia GPU,
peanu3yeMble JONOTHUTEIFHBIM IPENpOoIecCOPOM nNvee.

- Run-time 6ubnnorexu:

. OOm1ast 9acTh — BCTPOCHHBIC BEKTOPHBIE THUIIBI
JaHHBIX U

Habop ¢yHkuwit, ncnonusembix 1 Ha CPU, u Ha GPU.

. CPU-xoMIioHeHTa, IJIsl TOCTYTIa U YIPABICHUS
OJTHUM HJIH

Heckonbkumu GPU (npaiisep).

. GPU-komnoneHTa, penocTaBisromas GyHKI,
cneruduueckue Tonbko it GPU. Pacmmpenus cunrakcuca
SI3BIKA BKJIFOYAIOT B ce0s:

1. lommotHUTEIHHBIC BUABI (DYHKIINI:

Ucnonnsercs Ha Bri3biBaeTcs u3
host__ float HostFunc() CPU CPU
global__ void KernelFunc() GPU CPU
device__ float DeviceFunc() GPU GPU

Oco0OeHHOCTH JIOTONHUTENBHBIX BUIOB (DYHKIHHA:
Oynkuus, o0bsiBIeHHas Kak __ global |, siBisiercst pyHKIMEH-1pOM, OHA
HE MOXKET BO3BpalllaTh HUKAKOTo 3HaueHwus (Bceraa void).

@yukuus Buna  device M BBINOJHSAETCS W 3alycKaeTcst U3 (yHKIMH,
ucnonaseMslx Ha GPU, mosroMy Henb3sl MOMYYHTh yKa3aTelb Ha Takylo
¢dyskamto. B pysrknmsax, ucnomHsemsrx Ha GPU:

- HepomycTtuma pekypcust.

- He MoxeT OBITh CTATHUECKHUX NTEPEMEHHBIX BHYTPH (YHKIIH.

- KomnuectBo APTYMCEHTOB HE MOXKET OBITH NEPEMCHHBIM.

2. JIonoJHUTEbHBIC BUIbI IEPEMEHHBIX:
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Tun namaru Ob6nactu Bpems

BUJIMNMOCTHU KHU3HA
__device___ shared__int | pasmensemast 610K 0JI0K
_ device__int riio0anbHas ceTka PO
_device___constant__int | K31 KOHCTaHT ceTKa PO

KimroueBoe cimoBo _ device  HeoOsA3aTENBbHO, €CJIHM  HCIOJIB3YETCS

_ shared wnm  constant . JlokanbHble mepeMeHHbIe Oe3 HIACHTH(UKATOpa
BUJIa XPaHATCS B PETHCTPaxX, 3a HWCKIIOUEHHEM OOIBIINX CTPYKTYp WX
MAacCHBOB, NCHCTBHTENIBHO pACIONATAIONIMXCSA B JIOKANBHOH mamsaTH. Tum
NaMSTH yKa3aTels aJalTHPYeTCs K THITY IIPHCBOCHHOTO €My BBIPAKCHUS

3. BcTpoeHHBIE BEKTOPHBIE THITBI OOBSBIISIOTCS TaK:

[u]char[1..4], [u]short[1..4], [u]int[1..4], [u]long[1..4], float[1..4]

bykBa u B 3TUX 00BSBICHUSX HEOOsA3aTeNbHA, SBISCTCS COKPAILICHUEM OT
cioBa unsigned ¥ B ciIydae ee yKa3aHHUs 03HAYaeT, YTO BCE IOJISI JAHHOTO THIA
SBISIIOTCS  O€33HAKOBBIMH  LEJbIMU. JIOCTym K TONSIM OSTHX THUIIOB
OCYIIECTBIIETCS 110 UMEHAM: X, Y, Z, W, HalIpUMep:

uint4 param; inty

=param.y; intabc

= param.w;

Tun dim3 sBrnseTcs cuHOHUMOM uint3. OObrgHO THI dim3 HCHONB3yeTCs
IUTSL 33/IaHMS TAPAMETPOB CETKH.

4. SInpo (cobctBenHo mporpamma st GPU) u ero 3amyck:

Ipu 3amycke siApy NOJDKHBI OBITH MEpesiaHbl 00s3aTeNbHbIE TapaMeTphl
KoHurypauun cetku. Jas storo B mporpamme mias CPU onmchiBaroTca H
CO3JAI0TCs cleaytonye GYHKIUN 1 IepeMEHHBIE:

__global__ void KernelFunc(...); — mportotun ¢yHKIHH, SBISFOLICHCS
STPOM.

dim3 DimGrid(100, 50); — nepemennas CPU, onpenessitoras 1ByMep-
HOCTB CETKH 0JIOKOB TIOTOKOB | ee pazmepsl 100 x 50, T.e. 5000 6okoB. dim3

DimBlock(4, 8, 8); — nepemennas CPU, onpezensionias TpeXMeP- HOCTh
COBOKYITHOCTH IIOTOKOB B KaX/I0M OJIOK M pa3Mepbl 3TOH COBOKYITHOCTH 4 X § X
8, T.€. 256 MOTOKOB Ha OJIOK.

size_t SharedMemBytes = 64; — nepemennass CPU, onpezessttonias pas-
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Mep paszernsieMol maMsaTH B 64 Oaiita, BeIAeIseMoil kaxxaoMy noToky. [locie
9THX OOBSIBICHHH MOXHO 3aIlyCTHTh SIPO, UL ITOTO TOXKE pean30BaH
CIICIIMANIbHBI CHHTAaKCHC:

KernelFunc<<<DimGrid, DimBlock, ShareMemBytes>>>(...);

Onunonansabie SharedMemBytes OaifT:
-BBIICJISIIOTCS. B JIOIOJIHEHUE K CTAaTUYECKH OOBSBICHHBIM DPa3JeisieMbIM
MIEpEMEHHBIM B SJIpE;

- 0TOOpakaroTCs Ha JIIO0YIO TICPEMCHHYIO BHIA: eXtern
_ shared__ float DynamicSharedMem[].
BCTpOCHHI)Ie TNEPEMECHHBIC, cO31aBacMbIC u WHUIUATIU3UPYCMBIC
aBTOMAaTHYECKU IIPU 3aIlyCKe sapa:

- dim3 gridDim; — pasmepsr cetku B Gimokax (gridDim.w He
HCTIONB3YeTCs).

- dim3 blockDim; — pa3meps! oHOTO GJI0KA B TIOTOKAX.
- dim3 blockldx; — urmekc 6:10ka BHYTPH CETKH.

- dim3 threadldx; — unaekc moToka BHyTpH OJ0KA.

OTH nepeMeHHbIe JOCTYITHBI TOJIBKO IJIs KOJa apauIeIbHBIX BETBEH sApa,
ucnoaasemoro Ha GPU.

OOmrast vacth Run-time OHOMMOTEK COAEPKUT OONBIIOE KOJIHMYECTBO
(hyHKIHHA, HEOOXOAUMBIX (WX OIMIIMOHAIBHBIX ) TIPH HAITMCAHWUH TTapauIeIbHOMN
nporpaMMbl. Takux GYHKIUI CIUITKOM MHOTO JJISI TOTO, YTOOBI TPHBOIUTH HX
OMUCAaHWE B JAHHOM METOJUYECKOM IOCOOWH, MO3TOMY 37eCh HMPUBOIUTCS
OMHUCAHKUE TOJBKO Te€X (PYHKIIMH, KOTOpBIC ACHCTBUTEIBHO HEOOXOMUMBI. Bce
OoubnroTeyHbie QYHKIMH MOXKHO Pa3eIUTh HA HECKOJIBKO TPYIIIL:

1.Yupasnenue norokamu CPU u GPU, cunxponuzanusi.
2. O6paboTKa OMMOOK.

3. YpasneHue yCcTpoicTBOM.

4. YnpaBieHue cOOBITHAMU.

5. Yrpasinenue rino0aibHON TaMsITHIO.

6. Unrepdetic ¢ OpenGL u Direct3D Bepcuii 9, 10 u 11.

7. UaTepdeiic ¢ BUaeoaganTepoM.
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8. YmpasneHue TeKCTypaMH U TOBEPXHOCTSIMH.

9. UnTepdetic ¢ npaiiBepom CUDA.

I[Ipu pa3paboTke mrO00I mMapauIeNbHOW MPOTPAMMBI  HEBO3MOXKHO
o0oiiTich 6e3 UCMoNb30BaHUs (YHKLIUHA yMpaBIeHUs] T00ATbHON MaMsATHIO
GPU. Takux ¢yHkuuii Oosnee 40, u3 HUX Hamboyiee YHNOTPEOUTEIbHBI
crenyromniue: cudaError t cudaMalloc (void =+devPtr, size_t size).

Beinensier 6510k rno0anbHOM mamMsITH yCTpOWCTBa pa3MEpOM Size U 3aHOCHUT
agpec storo Omoka B ykazatenms devPtr. Bo3Bpamiaer mmb0 KO yCIIEIIHOTO
3aBepmreHus cudaSuccess, 1100 KOJ OITHOKH, €CIIH OJIOK MaMSITH PacTIpeIeIUTh
HE YAaJIOCh.

cudaError_t cudaFree (void «devPtr); Bo3Bpaiuaer paHee BbIACICHHbIN
0JI0K T100aIbHOM MaMsITH B IyJI CBOOOIHOM MaMsITH.

BosBpamaer 1100 KOJA YCHCIIHOTO 3aBEpIICHUS, JIMOO KO ONIMOKH
(HanpuMep, eciu 3TOT OJIOK paHee He BBIJIEIISIICS).

cudaError_t cudaMemcpy(void «dst, const void ssrc, size_t count, enum
cudaMemcpyKind kind);

Komnmpyer 6510k mamsiTi pa3MepoM count 6aiiT, pacroioKeHHBIN 110 aapecy
src, B mamsiTh 1o ajpecy dst. OfuH U3 3TUX OJIOKOB Pa3MeEIaeTcsi B OCHOBHOM
NaMsATH KOMIIBIOTEpa, BTOPOM — B TJIOOAIbHOW mMamsTH rpadryecKoro
nporieccopa, Kakoi M3 HUX TJe — ONpeneiseTcst 3HaueHueMm aprymenta kind
(momyctumer  cudaMemcpyHostToDevice u cudaMemcpyDeviceToHost).
BosBpammaet 1160 KO YCIIENTHOTO 3aBEPIICHHS, JIN0O KO OIIHOKH.

IIpyu HEOOXOAMMOCTH HCHOJB30BaHUS APYTMX  (QYHKUMHA  MOXKHO
UCIIOJIb30BaTh PYKOBOCTBA 110 mporpammupoBanuto aiisi CUDA u cripaBo4HbIe
MaTepHabl.

3ajganue

Wzyanth ocHOBBI apxuTekTypsl CUDA m HacTpoiiky cpeasl pa3paboTKu
Microsoft Visual Studio s pa3paGoTku U OTIAAKK MapaJUICIIbHEIX MPOrpaMM
rpaguyecKkoro nporeccopa.

PazpaboTats miaH pa3MenieHus TaHHbIX pelaeMoi 3a7auu B pas3iensieMoi
namstu GPU.

Pazpabotats sapo (pymkmuio aast GPU, BBIMOTHSIONIYIO MAacCOBYIO
napajuieIbHyI0 00paboTKy MaTPHIIbI) B COOTBETCTBUH C 3TUM TUIAHOM.
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Pazpabotats mocienosarensHyto mporpammy st CPU, obecnieunBaromnryro
CUUTBHIBAHHE HCXOAHBIX IAaHHBIX, NEPEHOC WX B MobampHylo mamarb GPU,
3alyCcK sApa, OKUIAHUE ero 3aBEepLICHHs, CUNUTHIBAHHE M OKOHYATEIHHYIO
00paboTky pe3yabpraToB. OTaamuTh cOBOKyImHOCTH porpamm miast CPU u GPU.

[IpoaHanu3upoBaTh pe3yJbTaThl PELICHHs 3aJadd, OLCHUTh OTKIOHCHHE
HOJIy4EeHHBIX 3HAYEHUH OT 0)KUIAeMBIX, OOBSICHUT IPUYNHBI OTKJIOHCHHH.

2.7. lIpakTuyeckoe 3aHATHE «TMNMOBBIE MapaliebHbIe AJTOPHTMBD)

Heab padoThl

Pa3pa60TKa THUIIOBBIX ApaJUICJIbHBIX AJITOPUTMOB.

TeopeTnueckue cBeIeHUs

Bonee  mozmpoOHO  TeopeTMueckoe  OOOCHOBAaHHE  JAHHOW  TEMBI
NPE/ACTABICHO B CIEAYIOINX HCTOYHMKAX: VHCTPyMEHTHI MapaielbHOTO
MPOTPaMMHUPOBAHUS B CHCTEMAaxX C 00IIeH maMAThIo: y4eOHHK 11 By30B / K. B.
Kopnsikos [u np.] ; pea. B. II. I'eprens ; Huxeropoackuil rocy1apcTBEHHBIM
yuuBepcuret (Hwxuuit HoBropon). - 2-e u3a., ucnp. u gom. - M. : U3narenscTBo
MockoBckoro yHusepcureta, 2010. - 271 c.

3ajganue

PeanusoBate cnenyroniye  mapaielibHbIE  AJTOPUTMBI:  YMHOXKEHHE
MaTpHIl; JMHEWHoe, OylouyHOe pa3bueHne MaTpul], anropuTMmbl Dokca u
KenHoHa, perieHne cuCTEM JIMHEHHBIX ypaBHEHHUH, alrOPUTMBI TapaylIeIbHOM
COPTHPOBKH.

3 METOJUYECKHUE YKA3AHUA JJISA OPTAHU3ALIMU
CAMOCTOSATEJBHOM PABOTHI

3.1 O0wme nmosroKeHus
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CamocrosiTensHass paboTa CTYAGHTOB pacCMaTpHUBAcTCsl Kak BHI
JEATEIIFHOCTH, MO3BOJIIOIINI IIEJICHANPABICHHO (DOPMHUPOBATH M PA3BHBATH
CaMOCTOATENBHOCTh CTYAEHTA KaK JIMYHOCTHOE KadyeCTBO IIPU BBINOJHEHUH
pasmUYHBIX BHAOB 33JaHUH M IPOpabOTKE OMOJHHUTENBHOTO Yy4eOHOTO
Mmarepuarna.

Iensammu  caMoCTOSATENBHOW  PabOTBI  SBISAIOTCA  CHCTEMaTH3aIlHs,
pacImpeHne 1 3aKperuieHHe TEOPETHIECKUX 3HAHUH.

CamocrostensHass paborta crydeHTa mo mucuuminHe «IlapamrensHsie
BBIYHCIICHHS ¥ CHCTEMbD» BKJIIOYAET CIICAYIOIIIE BUIBI aKTHBHOCTH:

1. V3ydyeHnme TeM TEOPETHYECKOW YacTH  IUCHUIUINHBL,
BBIHECEHHBIX IS CAMOCTOSITENBHON MPOPaOOTKH.

2. HOI[FOTOBKa K IPAKTUYCCKUM 3aHATUAM.

3. BrmmonHeHNE HHANBHUIYaIbHOTO (TBOpUecKoro) 3amanus (13)
0 OJIHOW M3 MPEJIOKESHHBIX TEM.

4. TlomroroBka pedepara.
5. BeinonHeHHe HHIUBUAYATBHBIX 3aJaHUN.

6. IloaroroBka K TECTOBBIM OMPOCAM.

KpurepusiMu  OLIEHKHM  BHEAyIUTOPHOM  CaMOCTOSATENBHOH  pabOTHI
CTYICHTOB MOTYT OBITH YPOBEHb PAa3BUTHS JIOTHYECKOTO MBIIUICHHUS CTYACHTA
(TnbxoCTH, PalUOHAIBHOCTb, OPUTMHAIILHOCTD MBIIUICHHS);
c(hOPMHPOBAHHOCTh, YMEHHH caM00OOpa3oBaHUs CTyIeHTa (CHOCOOHOCTH
HaXOJIUTh, CUCTEMAaTHU3UPOBATh M TNPHMEHATh HH(OPMAIMIO U3 PA3TUUHBIX
HUCTOYHUKOB [JId PCIICHUA TMOCTaBJICHHBIX 3a)1al1); CTCTICHb PAa3BUTUA
KOMMYHHUKATHBHBIX YMEHUH (YMEHHE paboTaTh B MaJIbIX TPYIIAaX, BRICTYNATh C
JIOKIIAZIOM); TPaMOTHOCTh B W3IIOKEHHH Marepuaia; C(HOPMHPOBAHHOCTh
CaMOKOHTPOJISI U CAMOOIICHKH.

3.2 Iflsyqelme TEM TeopeaneCKoﬁ YacTu JHCHUIIVINHBI, BBIHECCHHBIX AJIH

€CaMOCTOSATEIbHOI IPOpPadoTKN

M3yueHne TeM TEOPETUYECKOW 4YacTH TMpPEIIoJiaraeT H3y4YeHHE TeM
JIUCITUTUIAHBI, BRIHECEHHBIX IS CAMOCTOSTENIbHOM popaboTku. M3ydenune Tem
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TEOPETUYECKOW YaCTH MAUCLUIUIMHBEL, BBIHECEHHBIX JUII CaMOCTOSTEIBHOM
POpabOTKH:
1. Cpexncrsa pa3paboTku pacIipeseneHHbIX
BBIYHMCIICHUN C WCIIOJB30BaHUEM MapajIeIbHOW BHUPTYyalbHOU
MammHel PVM. Hcnons3oBanne ¢pyHkuuit 0ndmmotexu Pvmlib.

2. Tlporoxon m O6mbmmoreku MPI. CocraB (yHKOWHA, THUOBI JaHHBIX,
opraHm3anys ooMeHa maHHBIMH. [Ipumep mcmonp3oBaHus OmbmmoTexu MPIL.
Cpena BemmonaeHnss LAM.

3. PacmmmpeHns cTaHZapTHBIX S3BIKOB IPOTPAMMHUPOBAHMS IS CO3IAHUS
napajuiensHeix nporpamm. CILK, mPC. JlononHuTEeNbHBIE ONEPATOPBI, UX
CHHTaKcHC ¥ ceMaHTuka. OCOOCHHOCTH peanu3anuii ¥  TPHMEpSI
MPOTPaMMHPOBAHUSL.

4. S3pik OCCAM, KOHCTPYKIUH SI3BIKA, IOHATHE TIPOLIECCOB, KAaHAJIOB.

5. VYnaneHHsle BBI3OBBI mpouenyp. BbICOKOYPOBHEBBII u
HHU3KOYpOBHEBBI HHTepdelic nporpammupoBanus. XDR-npeobpazoBanus,
ayTeHTH(UKAIUS, IMUPOKOBEIIATEIbHBIN pekuM. M CTob30BaHUEe TEXHOIOT U
DCOM.

W3yyas marepuan mo y4eOHHKY, CIeyeT MEepeXOAUTh K CIEeHYIOIEMY
BOIIPOCY TOJBKO MOCIIE MPABUIBHOTO MOHUMAaHMS MPEIbIIyIIET0, IPOU3BOI Ha
Oymare Bce BEIUMCIICHHS (B TOM YHCIIE U T€, KOTOPBIE pain KPATKOCTH OIYIICHEI
B yueOHHKE) 1 BBITIOJIHSISI UMEIOLIUECs B yueOHHKE 3aJIaHus JJIsl CAMOTIPOBEPKH.
Ocoboe BHMMaHuE ciieqyeT o0pamaTh Ha ONpeesICHHe OCHOBHBIX MOHSTHH.
CTyneHT IOJDKeH MoJIpoOHO pa3Ouparh MpUMEpPHI, KOTOPHIE MOSCHSIOT TakKHe
OTIpeZIeTIeHNs], U YMETh CTPOUTH aHAJIOTMYHbIE IIPHUMEPHI CaMOCTOsTeNbHO. [Ipn
M3yYEHUH MaTepHana 10 Y4eOHHKY II0JEe3HO BECTH KOHCIEKT, B KOTOPBIH
PEKOMEHIYETCsl BIUCHIBATH ONPEAEIeHNs, POPMYIMPOBKH TeopeM, GOpMyJIbI,
ypaBHEeHMsS W T. A. Ha moisx KOHCHEKTa CleayeT OTMeJaTh BOIPOCHI,
BBIJICJICHHBIE ~CTYIEHTOM JUI IIOMy4YeHHs NHCbMEHHOW WM YCTHOM
KOHCYJIbTAIlH MPEnoaBaTes.

Urenue y4eOHUKA IODKHO CONPOBOXIATHCS PEIICHHEM 3ahad, JJIS 9ero
PEKOMEHAYeTCs 3aBECTH CIICIUANbHYI0 TeTpaab. [lpu pemieHnn 3amad HyKHO
000CHOBATh KaXKABIM 3Tall peIIeHUs] MUCXOAS U3 TEOPETUYECKHUX ITOI0KEHUI
Kypca. Ecmu cTyZneHT BHANT HECKOJNBKO MyTEH pemeHHs, TO OH JOJDKEH
CpPaBHHUTh HMX W BBIOpaTh W3 HHUX caMblii Jsyummid. IlonmesHo o Hawama
BBIUUCIICHUH COCTAaBUTh KPATKUI IUIaH PEILICHHS.
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3.3 IMoaroroBka K MNPAKTHY€CKHUM 3aHATUAM

HpaKTI/I‘{eCKI/Ie 3aJaHus NpCAHAa3HA4YCHbI IJid Bepnq)mcaunn TOJIYUYCHHBIX
3HAaHUHN U 3aKpCIUICHUA TeOpeTI/I‘ICCKOﬁ qacTu JUCIUIIIINHBI.

Ha mpakTuueckux 3aHATHAX MOAPOOHO PacCMaTpUBAIOTCSI OCHOBHBIE BOIIPOCEHI
JVCLUIIIMHBI, pa30UparoTcs OCHOBHBIE THITH 3a1a4. K IpakTHIeCKOMY 3aHATHIO
CleflyeT 3apaHee IOBTOPUTH JIEKIHOHHBI MaTepHal K CIEAyIOleld TeMe.
CucremMaTHuecKoe BBHINOJHEHUE TOMAIIHUX 3aJaHNil 0053aTENbHO U SBISETCS
BO)XHBIM (JAKTOPOM, CHOCOOCTBYIOIINM YCIICIIHOMY YCBOCHHIO TUCIUITIMHBI.
IIpoMexyTOUHBIII KOHTPOJb MPOBOMUTCS B BHIE KOHTPOJBHBIX pPabOT H
TECTOBBIX ONMPOCOB. Ha KakIOM NPaKTHYECKOM 3aHSATHU IPOBOAUTCS JIUOO
YCTHBIH, THOO TECTOBBIA OMPOC MO MPOIIEHHBIM TeMaM, KOTOpBIE IO3BOJIAT
OIIPEJCIIUTh YPOBEHb IIOATOTOBKUM U CTEIEHb I'OTOBHOCTU K BBIIOJHEHUIO
KOHTPOJIbHOM PabOThI M0 IAHHOH AUCIMILINHE.

3.4 BeInojiHeHHe HHAHBHIYAJIbHOT0 (TBOpYeckoro) 3axanust (U3)

B pamkax BBITOJHEHUS WHIUBUAYATbHOTO (TBOpueckoro) 3amanus (M3)
HEOOXOAUMO TIOATOTOBUTh 7 MUHYTHBIN JOKJIAJ, PACKPBIBAIOIINIT OJIHY U3 TEM
B paMKax JUCIHILTHHBI.

BapI/IaHT WHAWBUAYAJIbHOTO 3adaHUus ONPCACIIACTCA MPEnoaaBaTcjieM B
WHAUBUAYAJIbHOM MOPAAKE, OCHOBBIBASICH HA YPOBEHDb 3HAHUH U CTYACHTA.

Joknam — 3To caMoCTOsATeNbHas paboTa, aHATH3UPYIOMas 1 0000maromas
myONuKamuy 10 3aJaHHOM TeMaTWKe, IPENAIoiaralmias BHPaOOTKY U
000CHOBaHHWE  COOCTBEHHOW  TIO3WIUM  JOKJIQJYMKa B  OTHOIICHUH
paccMaTprUBaeMBIX BOIIPOCOB.

OCHOBHBIM COZIEp’KaHNEM JIOKJIaJa MOXKET ObITh ONMCAHUE COCTOSIHUS JIeIT
B KaKO-mnOO HAayYyHOH WIM NpaKTU4eCKOH cdepe; aBTOPCKHH B3IIISAA Ha
CHUTYaIMIO WIN NTpo0iieMy, aHaJIN3 ¥ BOSMOJKHBIE IyTH PEIIEHHS IIPOOIEMBI.

HpI/I MOATr0TOBKE K JOKJIady HCO6XOHI/IMO IMOATOTOBUTD IJIaH BBICTYIIJICHUS,
BBICTPOUTH JOKJIAJd B KpaTKOﬁ JIAKOHUYHOK q)OpMC, nocjaea0BaTCJIbHO, C
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COOJTIOIEHUEM JIOTHIECKUX CBSI30K MEXIY (parMeHTaMHu BBICTYIUICHUs. Pedp
JOJDKHA OBITH TPaMOTHOW M BHATHOH. JKenmaTenbHO 1Mo BpeMs BEICTYIUICHHS HE
YHuTaTh BeCh TeKCT. CleqyeT NpoayMaTh B3aUMOCBSI3b BBICTYIUICHHS C TIOKa30M
JEMOHCTPAIMOHHBIX MaTepuanos. Pabora CTyZeHTa Hal
JIOKJIaJIOMIIPE3CHTAlMEeH BKIIIOYaeT OTPabOTKy YMEHHS CaMOCTOSITEIIbHO
0000mare Marepuas M JeNaTh  BBIBOABI B 3aK/IOYEHHH, yMEHHs
OpUEHTUPOBAThCA B MaTepuallie M OTBeUaTb HA JOMOJHUTENbHBIE BOIPOCHI
ciymarenei, oTpabOTKy HaBBIKOB OPaTOPCTBA, YMEHHUS IPOBOIUTH AUCIIYT.

JloKnaa4uKy JOJKHBI 3HATh U yYMETh: COOOIIATh HOBYIO HMH(OpMaIuIo;
HCTIONIb30BaTh TEXHUIECKHUE CPEICTBA; XOPOIIO OPHEHTHPOBATHCS B TEME BCETO
CEeMUHAPCKOTO 3aHATHSA; AUCKYTHPOBaTh W OBICTPO OTBEYaTh HAa 3a/JaHHBIC
BOIIPOCHI; YE€TKO BBITMOJIHATE YCTAaHOBJICHHBIM periaMeHT (He Oosiee 7 MHUHYT);
MMETh IIPEACTABICHNE O KOMITIO3UIIMOHHOM CTPYKTYpE AOKJIA/a.

3.5 MoaroroBka pedepara

IMoaroroBka pedepara 1o 0HOI U3 TEM:

- ApxurekTypsl TpadUUECKUX IIPOLECCOPOB  HECKOIBKUX
ITOKOJICHUH.

- CoBMecTHOE  WCIIONB30BAHHE  TEXHOJOTHH  Iepemavd
COOOIICHNH 1 MOJICNIN Pa3eNIeMON TTAMSITH.

- TexHonoruu ucronb3oBanus conpoueccopos Intel Xeon Phi -
TexHosmorun o00Ja4YHBIX CEPBUCOB IMPU MPEIOCTABICHHH YCIYyT
BBICOKOIIPOU3BOIUTENILHBIX BHIYHUCICHUH.

Pexomenayemsbiii 00beM pedepara He Oosee 20 crpanumi. CTpykrypa
pedepara 10KHA BKITIOYATD:

- TI/ITyJ'II)HHﬁ JINCT,

- colep)KaHue;

- BBEJICHHE;
- OCHOBHYIO YacTh;

- 3aKIIOYCHHE,
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- CIIMCOK HCIOJIb30BaHHBIX MCTOYHHKOB; - MPHIOKEHUS (TIPH
HEOOXOIUMOCTH).

Pedepar odhopmnsercs cormacao OC TYCYP 01-2013

3.6 IToaroroBka K TECTOBLIM ompocam

TecToBBIE OMPOCH! MPOBOAUTHCS MO TEMaM, MaTepual KOTOPBIX UUTAJICS
JEKTOPOM Ha TPEIBIAYIIEM 3aHATHH. B pamMKax HOATOTOBKHM K TECTOBBIM
OIpocaM PEKOMEHAYETCSl TOJIb30BATHCS JOMOJHHUTEIBHO JIMTEPATYpPOl IO
KypCY, PEKOMEHIYEMOMH JIEKTOPOM.

IIpumeps! BONIPOCOB:

1. Kakoit MUHUMAaBHEIH HA0Op CPEICTB ABISACTCS TOCTATOYHBIM
JIIA OpraHuzanuun nmapajajiCJIbHbIX BBIUMCJIEHUH B CHUCTEMaAXx C
pacmnpeeneHHoN maMsTbio?

2. B 4eM cocTOHUT BaKHOCTh CTaHAAPTU3AIUH CPEJCTB Iepeiadn
cooOrennii?

3. Uro crenyer noHUMaTh O] NapajuIeIbHOW MPOrpaMMoi?

4, B uem paznuumne noHATHH npoliecca u npoueccopa?

5. Kakoli Mmunnmanbublii HaOop ¢ynkuuii MPI mo3Bosser

HadaTh pa3paboTKy MapauIeNbHBIX IporpaMm?

6. Kax onpenenuts Bpems BoinosHenus MPI nporpamMmbl?
7. Kaxue pexumbl nepenauu JaHHBIX NoAaepxuBatoTcsi B MP1?
8. Kakme akrtopsl HYXHO y4YUTHIBAaTh TpPU  OLCHKE

MIPOU3BOAUTCIIBHOCTU BBIYHMCIUTSIbHON cucTteMbl? Kakwne METOAUKHN
OILICHKHU NPOU3BOJAUTCILHOCTH BBIYUCIUTEIIbHBIX CUCTEM BbI 3Haere?

9. Yrto TaKoe€ CTCIICHb napajiejimdmMa BBIYUCIUTCIBHOTO
anroputma?

10. Uro Takoe yCKOpeHHUe MapaiiebHOTO anroputMa?

11. Ji1st yero cnosp3yloTes 0J09HbBIE MATPUYHBIE AJITOPUTMBI?

12. UYro takoe 3 PEeKTHBHOCTH MapajIeIbHOTO alropuTMa?
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13. [IpuBenute GopMyIHPOBKY 3aKOHA AMIAS.

14. Bo ckoxnbko pa3 HyxHO yckoputb 90% mporpamMsl, 4TOOBI
YCKOPHTH BCIO porpammy B 5 paz?

15. YTo Takoe CHHXPOHM3ALUSA U JUIA Yero OHa HyXHa?

16. KakoBbl 0071acTH NPUMEHEHHUS, TPEUMYILECTBA U HEIOCTaTKU
texaonorun OpenMP?

17. KakoBbI 001aCTH PUMEHEHHUS, TPEUMYIIECTBA U HEIOCTATKU
oubnuorexu MPI?

18. YeM oTnuuaioTcs ONOKHMpYIONIHE H  HEOIOKHPYIOIIHe
onepanuu B MPI?

OneHKH W 3aMeYaHUs K BBHIIIOJHCHHBIM paboTaM IMO3BOJSIOT CTYICHTY
CYIUTB O CTETICHN YCBOCHHUS UM COOTBETCTBYIOIIETO pa3zesia Kypca; yKa3bpIBaroT
Ha MMCIOIIUECS y HETO MpoOeJbl, Ha KeJlaTeJbHOS HAIPABJICHUE MallbHEHIICH
paboThI; MOMOTarT CHOPMYIUPOBATH BOIMPOCH JJIS MOCTAHOBKH WX MEPE[
npenogaBareaeM. He ciieyeT MpUCTynaTh K BBIMOJHCHHIO KOHTPOJIBHOTO
3aaHusl, HE PCIIUB JOCTATOYHOTO KOJHUYECTBA 3a7ad [0 MaTepuay,
COOTBETCTBYIOLIIEMY ATOMY 3amaHu0. OMBIT MOKa3bIBAET, YTO 4Yallle BCEro
HEYMEHHE PEUINTh Ty WIH WHYIO 3a/1ady KOHTPOIBHOTO 3aJaHUs BBI3BIBACTCS
TEM, YTO CTYJEHT He BBITIOJIHHI 3TO TpeOOBaHHE.

KOHTpOHI)HI)Ie paGOTLI JOJIZKHBI BBITIOJIHATHCA CaMOCTOSATCIIBHO.
HecamocTosTensHO  BBIIONHEHHass paboTa HE  JaeT  BO3MOXKHOCTH
MperoIaBaTeNIo yKa3aTh CTyICHTY Ha HEJOCTATKHU B €ro paboTe, B YCBOCHUU UM
y4e0HOTO MaTepuana, B pe3ylbTaTe 4Yero CTyACHT He TMpHoOpeTaeT
HEOOXOIUMBIX 3HaHUH U MOXKET 0Ka3aTbCsl HETIOATOTOBICHHBIM K 9K3aMEHY

(3auery).
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