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1 BBepgeHue

Metoaudeckue YKa3aHus K NPAKTUYCCKHUM 3aHATHAM U OpraHu3aluu ca-
MOCTOSTEIbLHOM pa6OTI>I TOCBALICHBI pCajin3allun y‘ieGHO-MeTOZ{H‘leCKOﬁ nona-
JACPIKKE TUCHUTUTAHBL «HapannenLHLIe BBIYUCJICHUSA U CUCTCMBD).

JlanHOE TOCOOME CONEPKUT KPAaTKOE BBEACHHUE B APXUTEKTYpy Mapa-
JIETbHBIX BBIYUCIUTENBHBIX CHCTEM, BBEACHHE B MIPOOIEMATHKY MTapalIebHO-
ro NPOrpaMMHUPOBAHMA Ul NapaIelbHbIX CUCTEM PA3INYHBIX KJIACCOB, CBE-
nenust o texnonorun OpenMP; cenenust 06 apxurekrype NVIDIA CUDA,
cBeieHus o0 unTepdeiice nepenaun coodbmennit MPI u metoanyeckue ykasa-
HUS 110 BCEM Ha3BaHHBIM TEMaM.



2 MeToanyeckue ykasaHuA K npoBeaeHUIo
NpakTU4YeCKUX 3aHATUN

2.1 IlpakTuyeckoe 3aHATHE «MoAeJIHMPOBaHUE H AHATU3 APALIeIbHbBIX
AJITOPUTMOBY

eab padoTsl

I/I3yquI/Ie " MMPpUMCHCHUEC Ha IMPAKTUKC MOZ[CJ'IGﬁ, METOJIOB M TEXHOJIOTHUI
napajijyicJibHOTO IporpaMMHUpPOBaHUSA.

Teopernueckue cBegeHUs

[pu pazpaboTke napansesbHbIX aJrOPUTMOB PELICHHS CI0KHBIX HAY4HO-
TCXHUYCCKUX 3aJa4 NPUHOHUINHNAJIbHBIM MOMCHTOM SABJIACTCA aHaJIN3 3(1)(1)61{-
TUBHOCTH HUCIIOJIb30BaHUsI Mapajjieiu3Ma, COCTOSIINNA OOBIYHO B OIICHKE IMO-
Jy9aeMOTro YCKOPEHHs IpOIlecca BhIYUCICHUN (COKpAIICHUS BPEMEHH pellie-
Hus 3amaun). DopMmupoBaHHE MOAOOHBIX OIEHOK YCKOPEHUS MOXKET OCy-
[IECTBILITHCS IPUMEHHUTENIFHO K BHIOPAHHOMY BBIYHUCIHTEILHOMY AITOPUTMY
(omeHka 3¢ (eKTUBHOCTH pacHapasuIeTUBaHUsI KOHKPETHOTO aropurMma). Jpy-
rOM Ba)XKHBIH MOIXOJ MOXET COCTOSITh B MOCTPOCHHU OICHOK MAaKCHMAllbHO
BO3MOXKHOTO YCKOPEHHsI Mpolecca pelIeHUs] 3aJa4d KOHKPETHOrO THIIA
(otreHka 3¢ (HEeKTUBHOCTH MapajlIeIbHOTO CIIOCO0a PEIICHHS 3a1a4uH).

bonee HO,I[pO6HO TCOPECTUICCKUC CBCACHUSA 110 ,ZlaHHOI71 TEMC IIPUBEACHBI B
OCHOBHOM 1 I[OHOHHHTGHLHOﬁ JIMTEPATypE U B CICAYOIINX UCTOYHUKAX!

1. I'eprens B.I1. Beicokonpon3BoAUTENbHBIE BEIYHUCIECHHS JIsI MHOTOIIPO-
LIECCOPHBIX MHOTOSJIEPHBIX CUCTeM: yueOHHK Juisi By3oB / B. I1. T'eprens; bu6-
nmnoteka Hikeropoackoro rocynapctseHHoro yHuepcutera (Hmwxnuit Hos-
ropon). - M.: UzparenpctBo MockoBckoro yauBepcureTa, 2010. - 544 c.

3aganmue:

Pa3paboTaiiTe Mozenb M BBINOJIHMTE OICHKY ITOKa3zaTesiell YCKOPEHHS U
3¢ GEKTHBHOCTH HapayIeTbHBIX BEIYUCIICHIH:

- JJI 3a/1a4y CKAJIAPHOTO MPOU3BEACHUSA ABYX BeKTOp0BZ
N
y= Z i bi
i=1

- JId 3aa44 IIOMCKa MaKCUMaAJIbHOI'O 1 MUHUMAJIBHOT'O 3HAYCHHUI JJIs 3a-
JaHHOT'O Ha6opa YHUCJIOBBIX JaHHBIX
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- U 3aJa4r HaXOXIACHUA CPEAHCTO 3HAYCHUA JI1 3aJaHHOI'O Ha6opa
YHUCJIOBBIX JAaHHBIX
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CrenaiiTe BBIBOJIBI 110 ITPOJICJIAHHON padore.

2.2 TIpakTH4YecKoe 3aHATHE «ITANbI Pa3padoTKH MapaJLIeJbHBIX
aJITOPUTMOBY

Heab padoTbl

PaspaboTka mapaienbHON MporpaMMbl, KOTOPasi BBIMIOJIHICT YMHOKCHUE
JIBYX KBaJIPATHBIX MATPHII.

TeopeTnueckue cBegeHUs

Bonee moapobHO TeopeTudeckoe 0OOCHOBAaHWE NAHHOW TEMBI MPENICTaB-
JICHO B CJIEYIOIINX UCTOYHUKAX:

1. MHCTpYMEHTHI MapajlieIbHOTO TPOTPaMMHUPOBAHUS B CHCTEMax ¢ 00-
el naMsThio: yueGHuk ayst By3oB / K.B. Kopusikos [u ap.]; pex. B. I1. T'ep-
renb; Hiokeropoackuii rocynapctBeHHslil yauBepeuteT (Hikuuit HoBropon).
— 2-¢ w3n., ucnp. U non. — M.: U3znatenbctBO MOCKOBCKOTO YHUBEPCHUTETA,
2010. -271 c.

2. I'eprens B.I1. Bricokonpon3BoANTENbHBIE BEIYUCICHHS UIT MHOTOTIPO-
LIECCOPHBIX MHOTOSIZIEPHBIX cucTeM: yueOHHK aist By3oB / B.II. T'epress; buo-
nroteka Hikeropoackoro rocyaapctseHHoro yHuBepcutera (Hmxumit Hos-
ropon). — M.: M3narensctBo MockoBckoro ynuepcurera, 2010.

3ananue
Omnpenenuts 3a1a4y MATPHIHOTO YMHOKEHHS.

PeanuzoBaTh nocie10BaTeNIbHbIN AITOPUTM MATPUYHOTO YMHOKEHHUS.



Pazo0paTh napayuienbHbIi aIrOPUTM YMHOXKEHHST MaTPUILL.

CraenaTh BBEIBOJIBI 10 HTOTAM IIPOJEIaHHOM paboTEHI.

2.3 IIpakTuuyeckoe 3ansaTHe «CpeacTpa pa3padoTKu NapasieabHbIX
MporpaMm»

eab padoTbl

W3yunts napajiesbHble A3bIKH IIPOTPAaMMUPOBAHUSA U PACIIUPEHUS CTAH-
JApTHBIX SA3BIKOB. [T0omyunTh HABBIKM PabOTHI CO CpeCTBAMHM aBTOMATHYECKO-
ro pacnapajjielIiBaHus, NapauleIbHbIMU KOMIIMWIATOPAMH.

Teopernueckue cBegeHUs

PaccmatpuBaeTcst OMH M3 HHCTPYMEHTOB MapaJICIbHOTO MPOrpaMMHpPO-
BaHWsI, PEeHA3HAYCHHBIN U paclapauleIMBaHus PEIICHHs 3a7a4 B CHCTE-
Max ¢ obleil mamsaThio, - 6ubmnoreka Intel Threading Building Blocks (TBB).

OcHOBHas uzesi, 3aJI0KCHHasE B OMOJIMOTEKY, COCTONT B HCIOJIb30BAaHUHU
CTaH/IApPTHOTO BBICOKOYpoBHeBoro C++ mmst OBICTpOil pa3paboTkm Kpocc-
wIaTGOPMEHHBIX, XOPOLIO MAacHITaOUPyeMbIX MapalJeTIbHBIX IPHIOKESHHH.
Hapsany ¢ ykazanHBIM BbIIIE, HCTIONB30BaHNe OnbanoTexn TBB mpenocrasis-
€T MeXaHU3MBbI a0CTparupoBaHMUs OT MAPaJUTM MHOTOIIOTOYHOTO NMPOrpaMMHU-
POBaHUs, IMO3BOJAS COCPEAOTOUYUTHCS HEIOCPEICTBEHHO HA PELICHWH IPHU-
KJIaTHO! 3a1a4H, YTO SBIAETCS JOCTATOUHO aKTyaJIbHBIM.

W3ydenue HpUHIMIIOB (YHKIIMOHUPOBAHHUS U BOMPOCOB 3(PPEKTHUBHOTO
ncnonb30Banus TBB mpoBoauTcs B JaHHOM MPAaKTHUECKOM 3aHSATHUU Ha TPHU-
Mepe 3a/1a4yll MaTPUYHO-BEKTOPHOTO YMHOXKEHUSI, CTaBIIIEH OJHOW W3 KIJIACCH-
YEeCKHX 3a/a4 A1 (POPMHUPOBAHS HABBIKOB MAapaJlICIbHOIO MPOTrPaMMHUpPOBa-
Hus. [Ipyu 3TOM OCHOBHOM YIIOp J€s1aeTCsi Ha 03HAKOMIICHUE C pacnapajulein-
BaHHUEM I[UKJIOB.

3amanme

PeanuzoBaTh napajuieabHbI JITOPUTM MATPUYHO-BEKTOPHOIO YMHOMXE-
HHS HA OCHOBE UMEIOIIENCS Peann3altu MOCIEA0BATENIbHOIO allTOPUTMA.

H3meHuTh CO3JaHHYIO pE€aIn3allii0 Ha cnyqai/i HeKBaHpaTHOﬁ MaTpHulBbI.

Pazob6path nmporpaMMy YMHOKEHHS KBaIpaTHBIX MaTPHUIL.
7



PazpaboTars mporpaMmy YMHOKEHUS IIPIMOYTOIBHBIX MATPHIL.

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

2.4. IlpakTnyeckoe 3ansTue «UnaTepdeiic mepenaun coodmennii — MPI»

Hean paéoTbl

W3yants u paspabotats mHTep(eiic mepenaun COOOIIEHHMHA TSI Iapa-
JIeNBHBIX MPUIOKEHHH.

Teopernueckue cBegeHUs

MPI — aT0 cranzapT Ha MpOrpaMMHBII MHCTpYMEHTAapHil AJisi obecrede-
HUSI CBSI3M MEX/Iy BETBSIMH MapaiuienbHoro npuioxerus. MPI pacimdpobi-
Baercsi kak «Message passing interface» («BzaumoneiicTBre yepes mepenady
COOOIICHUI).

MPI mpencrapnsier co6oii OUOIHUOTEKY HMPOTrPaMMHUpPOBAHHUS (3aroIoBOY-
Hble ¥ OubnoTeunsie ¢aiinbl ais s3pikoB Cu, Cut+). Habop ¢yHkImii mpoct
B OCBOCHUH U IO3BOJISIET OBICTPO HANMCATh HAJIEKHO pabOTAIOIIYIO TPOTpaM-
My. Hcnonp3oBanue Bceit Momu MPI mo3Bomut OpICTpO MONTY4UTH padoTaro-
IIyIO IPOTpaMMy TIPU COXPAHEHUH e¢ HaJIe)KHOCTH.

IMapannenbHoe NPUI0KEHHE COCTOUT U3 HECKOIBKUX BETBEH (IIPOLIECCOB
WK 3a]1a4), BBITOJHSIOIINXCS OJHOBPEMEHHO. BeTBH oOMEHMBaAIOTCS ApyT C
JIPYrOM JaHHBIMH B BHIE cooOmeHni. CooOImeHus IpoXoaaT Mo HACHTU(HU-
KaTopamH, KOTOpBIE TTO3BOJIAIOT IIpOrpaMMe M OMOJIMOTEeKe CBA3M OTIIMYATh UX
JpyT OT Apyra. Jis COBMECTHOTO NMPOBEJCHUS T€X WM MHBIX PACUYETOB IPO-
1IecChl BHYTPH TPHIIOKEHHUS 00beAMHSAIOTCS B rpymibl. Kaxblil mpouece Mo-
JKET y3HaTh y OMOIMOTEKN CBSI3M CBOW HOMEp BHYTPH T'PYIIIBI, M, B 3aBUCHMO-
CTH OT HOMEpa IPUCTYIAeT K BHINOJHEHUIO COOTBETCTBYIONIEH YacTH pacue-
TOB.

Ocob6ennocts MPI - monsitue o0xactu cBsa3u (communication domains).
[pu 3amycke MPHUIOKECHHS BCE MPOLECCH MOMEIIAIOTCS B CO3[ABACMYIO IS
MPWIOKEHUST 00IIyI0 00MacTh CBs3H. [Ipy HEOOXOIUMOCTH OHH MOTYT CO3/1a-
BaTh HOBBIC OOJIACTH CBS3M Ha 0a3ze CyIIeCTBYIOIIUX. Bce oOiact cBs3U
UMCIOT HE3aBUCHUMYIO JPYT OT Jpyra HyMepamuio mporeccoB. IIporpamme
MOJIB30BATEIIS B PACTIOPSDKEHHE MPEIOCTABISIETCS] KOMMYHHKATOD - OMUCATEINb



obyacTu cBs3U. B mporpamMMe MOXKET CyIIECTBOBaTh HECKOJIBKO KOMMYHHKa-
TOPOB.

Msuorue ¢pynkimun MPI uMerot cpeny BXOIHBIX apryMEHTOB KOMMYHHKa-
TOp, KOTOPBII OrpaHWYMBaeT cepy UX AEHCTBUS TOW 00JACTBIO CBSI3H, K KO-
Topoit oH npukpennaen. MPI COMM_ WORLD - Ha3BaHHE KOMMYHHKAaTOpa,
co3/1aBaeMoro OMOJIMOTEKOH aBTOMAaTHYECKH NMPH MHUIHMANIN3AMK OubiInore-
kru MPI mapamnensHeM mpuiioxkeHreM. OH ONHKCBHIBaeT CTapTOBYIO 00JacTh
CBSI3H, OOBEINHSIONIYIO BCE MPOLECCH! TPHIOXKEHHS.

Bce ¢pynxumu MPI ycnoBHO MOXHO pa3OUTh Ha OJIOKHpPYIOIIUE, HEOJIOKH-
pYyIoIIHe, JIOKaJbHbIE U KOJUICKTHBHBIE.

Broxupyronmie (yHKIHH OCTaHABIMBAIOT (OJIOKHUPYIOT) BBIOJIHEHUE
nporecca J0 TeX Mop, I0Ka NPOU3BOANMAs HMH Ollepanys He OyleT BBIIOIHE-
Ha. He Onoxupyromue (yHKIUM BO3BDPAILAIOT YINpPaBICHUE HEMEIJICHHO, a
BBITIOJIHEHHE OIEpaly Ipojo/pkaercss B (oHoBOoM pexume. JlokanbHble
(yHKIMM HE WHULMHUPYIOT NMEPEChUIOK JaHHBIX MEXKAY BeTBIMH. KoiiekTus-
Hble (YHKIHMU JOJDKHBI OBITH BBI3BaHBl BCEMH BETBSIMU-a0OHEHTAMH TOTO
KOMMYHHUKATOpa, KOTOPBI NepelaeTCsl UM B KaUeCTBE apryMEHTa.

[Ipu 3amycke MPHUIOKEHHS BCE €0 BETBU JOJDKHBI BBHI3BATH (DYHKITHIO
uHAIHaIM3an oudauoreku MPI - MPI_Init.

ITpu 3aBepIICHUN MPUIOKCHHS BCE €T0 BETBH JOJUKHBI BBIIOJIHATD HYHK-
MI0 HOPMAJILHOTO 3aBepiieHus oudnuoreku - MPI_Finalize.

Ecnu nmpumnoxeHue 3aBeplaeTcsl M0 MPUYMHE OMHMOOK BPEMEHM BBIMOJI-
HEHMs, TO BETBb, OOHApYXUBIIAs OIIUOKY, NOJDKHA BBIIOJHUTH (HYHKIHUIO

MPI1_Abort.

IIpu 3amycke NPUIOXKEHHUS ABTOMATHYECKH CO3HAETCSI KOMMYHHKATOP
MPI COMM_WORLD, 06beIiHSIONINI BCe MPOLECCH MPHIOKEHHS.

JIroboli mporiecc MOXET y3HaTh KOJIMYECTBO BETBEH NMPHIIOXKEHHS C II0-
Motnsio pyakmu MPI _size u cBOif HOMeEp B NPIJIOKEHUU C TIOMOIIBIO (DYHK-
mun MPI_rank, o0beIMHEHHBIX ’THM KOMMYHHKATOPOM.

[pocteiimas cxema mepegady COOOIIECHHH - CBA3b ""TOYKA-TOYKA" MEKIY
nByMs BeTBIMHU. OnHa BETBb BBI3BIBaCT (DYHKIHIO Tepeladd COOOIICHUS, a
npyras - QyHKIHIO IpueMa. B kadecTBe OCHOBHBIX MapaMETPOB (PYHKIUSIM
3anarotcs Oydep npuema/mepenadn, KOMMYHHKATOp, UMs (HOMeEp) Iporecca —
UCTOYHUKA/aapecara coodmenus win mxokep MPI ANY SOURCE, uzpen-
tudukatop coobmenus wm mxokep MPI ANY TAG, tun gasHbix. Tun
JIaHHBIX 3a/aetcs mnpenonpeneneHHbiMu B MPI onumcaTtensiMu BCTpOEHHBIX
tunoB (MPI_CHAR, MPI _INT, ...) unu 3aperucTpupOBaHHBIMHU II0JIb30BaTE-
JIEM OTMCATEJISIMHA THIIOB.



@DYHKUMH NepeJauyu—IpueMa cOO0IIeHHs N0 CXeMe «TOYKAa — TOUKAa»:
MPI_Send , MPI_Recv, MPI_Sendrecv.

Jlist o6cmyKuBaHUS IPUEMa UCTIONB3YIOTCS BCIIOMOTaTelIbHbIC (QyHKIHH:
- MPI_Status — 3ampoc craryca 3aBepuieHAs IpueMa,
- MPI_Get_count - 3anpoc kosmuecTBa (pakTHYECKH TPUHSATHIX TaHHBIX,

- MPI_Probe — mpeaBapuTensHBIi 3ampoc cTaTyca MOCTYIIMBIIETO CO00-
IIEHHS TIepe]] ero MPHEMOM.

KonnextnBHbIE 0OMEHBI COOOIIEHUSAMH OCYIIECTBISIOTCS TPYNIION BET-
Bel, 0OBEIMHEHHBIX HEKOTOPHIM KOMMYHHKAaTOpOM. KOJUIEKTHBHBIH OOMEH
WHHIMAPYETCS. B TOM CIIydae, KOTJa BCE BETBH OCYIIECTBIIIM BBI30B OJHO-
MMEHHOH KOJUICKTMBHOWH (pyHKIMH C OJMHAKOBHIMH OCHOBHBIMHU IapameTpa-
mu. KomtekTrBHas pyHKIMS BBITIOJIHIECT OJHOBPEMEHHO U IIPUEM, U TIepeaady
Y UMeeT 0OJIbIIOe KOJIMYECTBO MapaMeTPOB, YaCTh KOTOPBIX HY)KHA JJIs MpHe-
Ma, a 4aCTb JId Mmepeaayvu. B Ppa3HbIX BETBAX Ta WKW WHAsA 4aCTb IMapaMcTpOB
UTHOPUPYETCS, B 3aBUCUMOCTH OT POJIM BETBH B OOMEHE.

KonnextuBHeie nepeaaym BEAYyTCA B COOTBETCTBUU C OHHOﬁ U3 cXeM 00-
MCHaA: «0JHa — BCEM», «BCC — OﬂHOﬁ)), «BCEC — BCEMD).

KonnexkTuBHble pyHKIMH 00MeHA:

- MPI_Bcast — nepenaua cooOImieHusI U3 BETBU C YKa3aHHBIM HOMEPOM
BCEM OCTaJIbHBIM BETBSM,

- MPI_Gather, MPI_Gatherv - c6op coo0iieHnii B yKa3aHHYIO BETBb W3
BCEX OCTaJBHBIX BETBEH;

- MPI_Scatter, MPI_Scatterv — mepemaua ¢ pacmpeaeicHiHeM COOOIICHUS
W3 BETBHU C YKa3aHHBIM HOMEPOM BCEM OCTAIILHBIM BETBSM;

- MPI_Allgather, MPI_Allgatherv - c6op cooGieHuii BO BceX BETBSIX U3
BCEX BETBEH;

- MPI_Alltoall, MPI_Alltoallv - nepenaya ¢ pacnpeneneHreM coOOIIEHUS
13 BCEX BETBEN BCEM OCTAJIHBIM BETBSIM.

@ynxuust MPI Barrier ocraHaBiMBaeT BBINOJIHEHHE BbI3BaBILEH ee 3aj1a-
Y JI0 TeX IOp, MOKa He OyJeT BhI3BaHA M30 BCEX OCTAJBHBIX 3a/ad, IMOJCO-
€JUHEHHBIX K YKa3aHHOMY KOMMYHUKAaTOpY.

Jns Hactpoiikm pabotel mHTepderica MPI ¢ mpomsBomgHBIMH THIIAMHU
TMOJIb30BATEIIST HCHONB3YIOTCS CIEAYONE (DYHKIIUH:

- MPI_Type_struct, MPI_Type_vector, MPI_Type_indexed,
MPI_Type_contiguous - cozaanue onucaTess H0JIb30BaTeIbCKOTO TUIIA.

- MPI_Type_commit - peructpauusi omicaresns TUIIa;
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- MPI_Type_extent - 3anmpoc o6bemMa maMsATH, 3aHIMAeMON MEPEMEHHO
MPOU3BOHOTO THUIIA;

- MPI_Type_size - 3anpoc MUHAMAIBHOTO («yKaToro») oobemMa coooiire-
HUS C TEPEMEHHON MPOM3BOIHOIO TUIIA TIPH MIEpelaue €€ B COOOIIECHHH. ;

- MPI_Type_free - copoc omnucarenst moap30BaTeIbCKOrO THIIA.

OYHKIUY BBINOJHAIOT MMO3JEMEHTHO 33JaHHYIO ONEpaluio HaJ 3JIeMEeH-
TaMH pacrpeieleHHsIX MaccuBoB. MHTepdetic MPI comepxxut 4 pacmpene-
JICHHBIE ()YHKIIUU:

- MPI_Reduce - maccuB ¢ pe3yabTaTaMH pa3MeIlacTcsl B BbBIICICHHON
BETBH,

- MPI_Allreduce - maccuB ¢ pe3yabTaTaMu pa3MeIaeTcsi BO BCEX BETBSIX,

- MPI_Reduce_scatter - MmaccuB ¢ pe3yJibTaTaMu PacrpeaessieTcss MEKIY
BETBSIMH,

- MPI Scan : ananormuna ¢ynkuun MPI Allreduce. Ho conepxxumoe
MaccUBa-pe3yJbTaTa B 33/1aue 1 SIBJISETCS Pe3yJIbTATOM BBIIIOJIHEHHE OTIepaLluK
HaJ MacCHBaMU U3 3a7a4 ¢ HoMepaMu oT 0 10 1 BKIIIOUUTEINIBHO.

B MPI npenonpenenensl 12 onucareneil mo3JeMEHTHBIX ONEPALIUN:

- MPI MAX u MPI_MIN —mouck MO31€MEHTHBIX MaKCUMyMa M MHMHHU-
MyMa,

- MPI_SUM - cymma BEKTOpOB;

- MPI_PROD - mosneMeHTHOE ITPOU3BEICHUE BEKTOPOB;

- MPI_LAND, MPI_BAND, MPI_LOR, MPI_BOR, MPI_LXOR,
MPI_BXOR - noruueckue u aouunbie omneparuu W, NN, uckimovaromiee
I,

- MPI_MAXLOC, MPI_MINLOC — nowuck

I'pymma - 3To HeKoe MHOKeCTBO BeTBeil. OHa BETBb MOXKET OBITh WICHOM
HECKOJBKUX IPYIIIL.

O6mnactp cBs3u ("communication domain") - 3T0 abCTpaKTHOE MOHSTHE,
CBSI3aHHOE C KOMMYHHKaTOpoM. OOnacTu CBsI3M aBTOMAaTHYECKU CO3AIOTCS U
YHUUYTOXKAIOTCS BMECTE ¢ KOMMYHHKATOPaMH.

OpnHoli 0671acTH CBSA3HM MOTYT COOTBETCTBOBATh HECKOJIBKO KOMMYHHKATO-
poB. KomMmyHHKaTOpBI (DYHKIIMOHUPYIOT HE3aBUCHMO W MapajielbHO BO Bpe-
MEHH.

OyHKIUY CO31aHUSA-YHUYTOXKEHUS TPYIIIL:
- MPI_Group_Xxx - co3aaeT HOBYIO IpYIINy C Hy>KHbIM HaOOpOM BeTBeil
Ha 0a3e CyIecTBYIOLIEH IPyIIIIH,
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- MPI Comm_group co3zaer Tpymiry, Ha KOTOPYIO YKa3bIBacT COOTBET-
CTBYIOIIMH KOMMYHHKATOD,

- MPI_Group_free — yuuutoxaet rpymiy.
DyHKIUK CO3[]aHUS] KOMMYHUKATOPOB!
- MP1_Comm_dup — konupyeT 0JiMH KOMMYHHKATOD B IPYTOH,

- MPI_Comm_split — pacmienisier rpyIImy CyIIeCTBYIONIET0 KOMMYHHUKA-
TOpa Ha HEeMePeCeKarOIINeCs! 0Py,

- MPI Comm_create co3naeT KOMMYHHKATOP JJISl TPYIIIIBL.
- MPI Group_free.

3ananue
Wzyants onmcanue MPI — maTepdeiica.

Paspabotare OuOmmorexy ¢ynkmuit MPI-uHTepdeiica mis s3pka mpo-
rpammupoBanus C/C++.

B 6uGnnoTexy B 00513aTebHOM MOPSKE TOKHBI OBITh BKITIOYEHBI (DYHK-
ur MPI Init(), MPI Size(), MPI_Rank(). /lomkHa ObITh peaian3oBaHa MUHH-
MYM o/iHa (DYHKIHSI KOJUIEKTHBHOTO OOMEHa.

[lpoBecTH KOMIUIGKCHYIO OTIAnKy (yHKIOHHA OUONMMOTEKH KOMaHA
NETBIOS n 6ubmorexun MPI.

IMpoBecTn TECTHpPOBAaHHE HAJEKHOCTH M IPONYCKHOH CIIOCOOHOCTH
¢ynxuuit 6ubmuorexu MPI.

CHeHaTL BBIBOJIBI 11O UTOI'aM HpOI[GJ'IaHHOﬁ pa6OTBI.

2.5. lIpakTuyeckoe 3aHaTHE «TeXHOMOTHSI MPOrPAMMHUPOBAHUS
OpenMP»

Heab padoTbl

W3yants texuomoruto OpenMP n ocHOBBI pa3pa®OTKH MapajuieNbHBIX
IIPOrpaMM Uil MHOTOSIIEPHBIX IPOLIECCOPOB, HANMCATh U OTJIAJUTh HA A3BIKE
C napannensHyo nNporpamMmy Ajsl pellieHHsl TOCTaBICHHON 3aJjaui Ha CUCTEME
¢ o0uIeit mamsThIO.
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Teopernueckue cBegeHUs

Texnonorus OpenMP B HacTosiiee BpeMs SABISIETCS OAHUM M3 Hauboiee
HOMYJISPHBIX CPEACTB MapajuIeIbHOTO MPOrpaMMHUPOBAHUS JUIS KOMIIBIOTEPOB
c oOuiell mamsThIO, Oa3MpylOlleics Ha TPaJUIHMOHHBIX ITOCIEI0BATEIbHBIX
S3bIKAaX NMPOrpaMMHPOBAHUS M HCHOJIB30BAHUHU CIIELUAIBHBIX KOMMEHTApPHEB.
3a ocHOBY Oepércs mocienoBarTenbHas porpaMma, a I co3JaHus e€ mapai-
JETHHOW BEPCHU IMOJIB30BATENIO MPEIOCTABISIETCSI HA00Op AMPEKTUB, (YHKIUH
U TIepeMeHHBIX OKpyxeHUs. Texnomorus OpenMP HameneHa Ha TO, 94TOOBI
MIOJIB30BATENb UMET OJMH M TOT K€ BAPUAHT MPOTPAaMMBI KaK AJIsI Hapajuielb-
HOTO, TaK W JUIA TOCJIEJOBAaTEIbHOIO peXMMa BeImoaHeHHs. [lapamnennsm B
OpenMP peammsyercst ¢ moMmompio MHOromotodHocTd. [Ipm 3amycke mpo-
TrpaMMBI CO3[aeTCsl €AMHCTBEHHBIH «TJIaBHBIN» (master) MOTOK, KOTOPBIA 3a-
TEM CO371aeT HabOp «IOAYMHEHHBIX» (slave) IOTOKOB, U BBIYMCIICHUS pacipe-
JICNIAIOTCS. MEXKIY BCeMH MOoTokaMu. Ilpeamonaraercs, YTo MOTOKH BBINOJHS-
IOTCSl NapayjielbHO Ha MalllMHE C HECKOJIBKMMH IpolieccopaMi (fapamu),
npuuéM KOJIMUECTBO MPOLIECCOPOB/Aep HEe 0053aTEIbHO IO0IKHO OBITH 0OJIb-
1Ie WY PaBHO KOJIMYECTBY IOTOKOB. J[pyrumu ciioBaMu, IIOTOKHU Iapajlleib-
HOHM NpOrpaMMBbl MOT'YT OOBIYHBIM 00pa30M KOHKYPHPOBATh MEXIy cOOOH 3a
BpeMsI ITpo1ieccopa/sapa.

BaxsbiM noctomHcTBOM TexHojoruun OpenMP sBisercs BO3MOKHOCTh
peanu3alnuy Tak Ha3bIBAEMOI'0 MHKPEMEHTAJIBHOIO0 IPOrpaMMHUpPOBaHUs, KOraa
MPOrpaMMHUCT MOCTENEHHO HAXOAUT Y4acTKH B MpOrpamme, coaeprKaliue pe-
Ccypc mnapajieau3Ma, ¢ MOMOIIBI0 MPEAOCTaBISIEMbIX MEXAaHU3MOB JEJNAeT UX
napajuleIbHBIMU, a 3aT€M NEPEXOIUT K aHAINU3Y CIEIYIOIIMX y4acTKOB. Takum
00pa3oM, pacrapajuleieHHble YYacTKH IOCTEIICHHO OXBaTBIBAlOT BCE OOJIb-
IIYIO 9aCTh IPOTPaMMBL. DTOT MOAXO0]] 3HAYUTEIHHO 00JIerdaeT mporece aaan-
TalMu NOCJIEI0BATENIbHBIX MPOrpaMM K NapajulebHbIM KOMIIBIOTEpPAM, a TaK-
K€ OTJIAJIKy U ONTUMHU3ALHUIO IPOrPAMM.

Moens HCIOTHEHUS MapajuIeIbHON MPOTrpaMMBbl, TIOATOTOBIEHHOH € IO-
Mompio TexHosornu OpenMP, MoXHO chopMyaHpoBaTh ciexylomuM obpa-
30M:

- IIporpaMma COJEPKUT HabOp MOCIIEOBATENbHBIX U NapajuIedbHBIX 00-
JacTelt (WK CeKIMH M PETHOHOB);

- B HaYaJIbHBIII MOMEHT BPEMCHU CO34acTCsA TJIaBHBII IIOTOK, BBIIIOJIHAIO-
H.II/II7[ BITIOCJICACTBHUH BCEC IMMOCJICAOBATCIILHBIC obnactu IIpOrpamMmal,

- NP BXOJI€ B MapajulebHYI0 00NacTh IJIaBHBIM ITOTOKOM BBITOJIHSETCS
orneparsi fork, moposkiaromas COBOKYIHOCTh ITOJAYMHEHHBIX ITOTOKOB. Kax-
JbI TIOTOK MMEET CBOW YHHKAJIbHBIH YMCIIOBOWH HMIEHTHU(HKATOP (TIIaBHOMY
notoky coorerctByer 0). IIpu pacnapauieMBaHUM IUKJIOB BCE Mapauleib-
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HBIC TIOTOKHU HCIIOJIHSIOT OAWH U TOT K€ KOJ, HO C pa3sHbIMU JaHHBIMHU. B 00-
IIIEM CIIyd4ae MOTOKU MOTYT MCIONHATH Pa3IHdIHbIe (parMeHTHI KOJa;

- IIpU BBIXOAC U3 napannem,ﬂoﬁ 00J1aCTH BCEMH IOTOKAMU BEIIIOJIHIETCS
onepaunﬂjoin. 3aBepmaeTca BBITIOJTHEHUE BCEX MMOTOKOB, KPOME I'IaBHOT'O.

OOBIYHO [OITyCKaeTCs BO3MOXKHOCTH OOpPa3OBaHHS BIIOKEHHBIX ITapali-
JIEJIBHBIX 00JacTel, KOTaa IOTOK, CO3JAaHHBIM KakK IOIOJHUTEILHBINA, CTaHO-
BUTCsI master-moToKOM JijIsl HOBOM MapauiebHO# 00IacTu.

Iox OpenMP moHMMaeTCsI COBOKYIHOCTD CJIEIYIONIINX KOMIIOHEHT:

- ﬂupekmuebl Komnuaamopa - WUCIOJBb3YIOTCA Jid CO3JaHUs IMOTOKOB,
pacopeaciacHusa pa60T1,1 MECXKAY NOTOKaMHU U UX CUHXPOHU3ALUNU. ﬂHpeKTI/IBBI
BKJIIOYAIOTCA IMPOTrpaMMUCTOM B HUCXOJHBIA TEKCT IIporpaMMBEl.

- [loonpozpammer bubnuomexu pemeHu 8bINOIHEHUS - UCTIONB3YIOTCS IS
YCTaHOBKH U OIpeJieNIeHUs] aTpuOyTOB NMOTOKOB. BBI30BBI 3THUX MOAIPOTrpaMM
BKJTIIOYAIOTCS IPOTPAMMHUCTOM B HCXOJIHBIN TEKCT.

- [lepemennvie Okpysicenus - NCTIONB3YIOTCS IS YIPaBICHHS IIOBEICHHEM
MapajuleNIbHOM TporpaMMsl. IlepeMeHHBIC OKPY)KEHHS 3aIaloTCs Ul CPEbI
BBITIOJTHEHHS TApaJUIEIbHONW MPOrpaMMbl COOTBETCTBYIOIIMMH CPEIICTBAMH
OTIEPAIIMOHHON CHCTEMBI.

Vcnonp3oBaHue NHUPEKTHB KOMITHIIATOPA W TOANIPOTpaMM OHUOIHOTEKH
BPEMEHHU BHITIOJHCHHUS TOAYUHACTCS IMPaBHIIAM, KOTOPBIC PAa3IMYalOTCS IS
pa3HBIX SA3BIKOB MpOoTrpamMMupoBaHus. COBOKYITHOCTh TaKUX MPABWII IS OTHO-
To SI3bIKa TPOTPaMMHUPOBAHUS HA3BIBACTCS MPHUBSI3KOW K S3BIKY. TeXHONOTHSA
OpenMP co3nana u nogaepxusaercst s si3pikoB C, C++ u Fortran. Ha stom
MPAaKTUYECKOM 3aHSITHH TPEANoJaracTcs ucmoib3oBanue s3pika C/C++ B cpe-
ne paspabotku Microsoft Visual Studio (Hauunast ¢ Bepcuu 2005). st toro,
9TOOBI €€ KOMIMIISTOP HY>KHBIM 00pa30M pearupoBai Ha AUpeKTuBbl OpenMP
MU CTpPOWJI TapauieJbHYI0 TpOrpaMMy, B KOMaHIHYIO CTPOKY €ro 3amycka
JIOJDKHA OBITh BKJIIOUEHA ONIMs /openmp (HAMpUMeEp, IMyTeM BKIIOYCHHUS
tdmaxka «OpenMP support» B cBoOlCTBax mpoekra Ha 3akianke Configuration
properties\C/C++\Language).

st Toro, uroObl B mporpamme Ha si3bike C/C+H+ cTanu JOCTYIHBI BO3-
MOXHOCTH TexHosorun OpenMP, B Hee HYXHO BKJIIOUUTH 3aroJIOBOYHBIH
¢aiin omp.h: #include <omp.h>

Ecnmu sty nporpaMMy TpaHCIUpPOBaTh KOMIUISTOPOM, HE MOJAEPKUBAIO-
muM TexHosoruto OpenMP, To oHa Oyzer nocTpoeHa B 0OBIYHOM I1OCIIEI0BA-
TENbHOM (OZHOIIOTOYHOM) BapHaHTE, MOCKOJIBKY BCE TUPEKTHBHI, 3a/al0IINe
pacmapayuienuBanue, oGOpMISTIOTCS B BHIE TaK HAa3BIBAEMBIX IparM (peKo-
MEHJIAIHH), ¥ IPOCTO HTHOPHUPYIOTCS TAKUMHU KOMITHIIATOPAMH.
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B mporpammax Ha s3pike C/C++ Bce mparmbl, IMeHa (QyHKINA U mepe-
MeHHBIX okpyxkeHus OpenMP HaumHaroTcs co cTpoku «ompy. Popmar au-
PEKTHUBBI:

#pragma omp aupexTusa [onus [, ommus 2, ...]]

Kaxxmass mupekTiBa BMECTE CO BCEMH €€ ONIUSAMH 00513aTeNbHO JOJDKHA
3aHAMATh POBHO OJHY CTPOKY TeKcTa. [leiicTBHE HEKOTOPHIX TUPEKTHUB pac-
MpOCTpaHseTCs TOJLKO Ha OJUH ONepaTop (Win OJIOK OIepaTopoB, 3aKII0YCH-
HBIX B (DUTYpHBIE CKOOKH), HEIIOCPEICTBEHHO CIIEIYIOUIMH 332 TUPEKTUBOW B
TEKCTe MPOrpaMMbl. [I1sl TaKMX TUPEKTHUB OyeT yKa3aH.

[epeuens aupextnB OpenMP Britogaet B ce0s:

Jlupekmuea 3a0anus napanieibHo 6bINOIHAEMON CEKYUU:

#pragma omp parallel [ormums_1[, ommust_2, ...]]
<cmpykmypHblil 010K K0Oa™>

C moMoIIpIo oMU ATON AUPEKTUBBI MOKHO YKa3aTh:

- Tpedyemoe koandecTBo motokos N (num_threads(n));

- YCIJIOBHE, NP KOTOPOM NapauiesbHasi 00JacTh IeHCTBUTEIBHO CO3/1aeT-
cs (if(ycnosue));

- CIOHCOK OONmMX NEepEeMEHHBIX MJI BCEX IOTOKOB HTaHHOW CEKIIUU
(shared(crincok nepeMeHHBIX));

- CHHCOK IIePEeMEHHBIX, KOTOphIe OYIyT JIOKAFHBIMH B Ka)XIOM IOTOKE
cekiuu (private(CIIMCOK MEpEeMEHHBIX)), MPUYeM HX HadalbHbIC 3HAYCHHS HE
OyAyT OoTpe/IeIICHEL,

- CIIMCOK INIEPEMEHHBIX, KOTOpbIe OYAYT JIOKaJbHBIMH B KaXKIOM IOTOKE
cekiuu (firstprivate(CIECOK MEpEeMEHHBIX)), MPHYEM B KauyecTBE MX Hadallb-
HBIX 3HAYCHUH OyIyT YCTaHOBIICHBI 3HAYCHHS OJHOMMEHHBIX MEPEMEHHBIX U3
TJIABHOTO TIOTOKA;

- crioco0 HazHaueHwus kiacca namstu default(sharednone) Bcem nepemen-
HBIM ITOTOKOB, KOTOPBIM KJIACC HE Ha3HA4YeH SIBHO C MOMOIIbIO omiuu shared
(coBO none o3HayaeT, YTO KJACC MaMSATH BCEX JIOKAJIbHBIX MEPEMEHHBIX H0JI-
JKeH OBITh 3aJlaH SBHO); B peaH3alusix Js s3bika Fortran MOryT Ha3HaYaTbes
KJacchl private u firstprivate;

- CIIFICOK TepPEeMEHHBIX, OOBSBICHHBIX TUPEKTUBON threadprivate (cM. HU-
’Ke), KOTOpBIE MPH BXOJIE B MapaJUICNbHYI0 CEKIUI0 HHUIMAIU3UPYIOTCS 3HA-
YEHUSIMU COOTBETCTBYIOIUX IEPEMEHHbBIX B IOTOKE-MacTepe;

- OIIepaTop CBE/ICHMS M CIICOK OOLIMX nepeMeHHbIX reduction(oneparop :
CIHCOK NEPEMEHHBIX); U KaXXI0M yKa3aHHON B CIIHCKE IEPEMEHHOM co3/a-
I0TCS JIOKQJIbHBIE KOMHH B KaXIOM MOTOKE; JIOKAJIbHbIE KOMHMH MHUIHATU3H-
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PYIOTCS COOTBETCTBEHHO THITy oreparopa (i aJJuTHBHBIX ONEPaluil HOJb
WIKM €r0 aHAJIOTH, JUIA MYJIbTUIUIMKATHBHBIX OIEPALlUi €IHHULIA WK €€ aHa-
JIOTH); HaJ BCEMHU JIOKAJIbHBIMHU KOIMAMH KaKIOM MEpPEMEHHOM Iocie 3aBep-
IIEHHs MAapaUIENbHOM CEeKIMKM OyIeT BBIIOJHEH 3aJaHHbIA ONEpaTop CBee-
HHS, PE3yJIbTaThl OYAyT 3aHECEHbl B OJHOMMEHHBIE OOLIME MEPEMEHHBIE; B
KauecTBe OMepaTopa MOXHO YKasbIBatTh: +, —, *, &, |, , &&, ||.

Jupexmuea onpedenenus yukna, umepayuu KOmopozo HyyicHo pacnpe-
oenums Mexcoy napaniesibHo GblNONHACMbIMU ROMOKAMU:

#pragma omp for [ormumst_1[, onumsi_2, ...]]
<cmpykmypHbli 610K K00a>
C HuCnoJIb30BaHUEM OIIMK IUPEKTHBEI for MOXKHO yKa3arh:

- CIIMCOK IIEPEMEHHBIX, KOTOpbIE OYIyT JIOKaJbHBIMH B Ka’KIOM ITIOTOKE
cekuuu (private(CMCOK IIEPEMEHHBIX)), IPUYEM MX HadajabHbIC 3HAUCHUS HE
OynyT omnpeseneHsl;

- CIHCOK MEPEMEHHBIX, KOTOpbIe OYIyT JIOKaJbHBIMH B KAKJIOM MOTOKE
cekiuu (firstprivate(CIECOK HMEPEeMEHHBIX)), IPAYEM B KauecTBE MX Hadallb-
HBIX 3HAYCHUI OyIyT YCTAHOBIICHBI 3HAYCHUS OJTHOUMEHHBIX MMEPEMEHHBIX M3
[JIABHOTO MOTOKA,;

- CIHCOK MepeMeHHbIX TiaBHOro moroka (lastprivate (crmucok mepemeH-
HbBIX)), KOTOPBIM OYAyT MPUCBOCHBI 3HAYEHHUSI, MOJYICHHbIC TIPH BBHITOIHEHUU
MOCIIE/IHEH UTEPAINHU [IUKJIA;

- omepaTop CBEJACHHUS U CIIHCOK 00IMX mepeMeHHbIX reduction(omepaTop :
CIMCOK MEPEMEHHBIX); U KaXKI0W YKa3aHHOW B CIIMCKE MEPEMEHHOM co3/a-
I0TCS JIOKAJIbHBIC KOMHH B KaXIOM MOTOKE; JIOKAIbHbIE KOMHMU WHUIHATU3H-
PYIOTCS COOTBETCTBEHHO THIY OrepaTtopa (JUis aJIMTUBHBIX OMEPAIUil HOIb
WIIM €r0 aHAJIOTH, JJISl MyJbTUIUTUKATHBHBIX ONEpaluii eJUHUIA UK €€ aHa-
JIOTW); HaJl BCEMU JIOKATbHBIMU KOIMUSIMU KaXKI0# MepeMEeHHO# mocie 3aBep-
[ICHHS TAPAJIIeIbHON CEKIMU Oy/AeT BBIMOJIHEH 3aJaHHBIN OmepaTop CBeje-
HUSI, Pe3yJbTaThl OyAyT 3aHECEHbI B OJHOMMEHHBIC OOIIME MepEMEHHbIE; B
KauecTBe oIeparopa MOXHO yKa3biBath: +, —, *, &, |, ®, &&, ||;

- Ccrocob pacrpeielieHns] UTEpaIMil [IUKIa MKy MOTOKAMH Mapasuielib-
HoW ceknmu (schedule(type[, chunk])); mapamerp chunk 3To¥ omuu ompene-
JISIET KOJIMYECTBO UTEPAIHi HA OJIFH MOTOK (1o ymoyanuio 1), mapamerp type
YKa3bIBAa€T THIT PACTIPEACICHUS U MOKET HMETh 3HAUCHHS:

e static — craTuueckuii, T.e. MPH KOMITHJISLINY,

e dynamic — quHAMHYECKUA, T.€. IPU BHIMOJHEHUH,

16



e guided - TMHAMHWYECKHIA C YMEHBIICHHEM KOJIHYECTBA UTEPAINi Ha
HOTOK OT HAYaJbHOIO, ONPENENISEMOr0 aBTOMATHYECKH, 10 3HAYEHHS
chunk,

e auto — croco0 pacmpesesieHnsl BBIOUPAeTCs KOMITWIATOPOM HIIH HC-
MOJHSIOMEH cucTeMoii,

e runtime — coco6 pacmpeeneHus 3a1aeTCsl CIELHUAIbHOM [TepeMEH-
HO#T OKPY>KCHUSI ONICPALIHOHHON CHCTEMBI;

- BO3MOXHOCTh (ommmsi ordered) MOSBICHHS B Tele IUKIA TUPEKTHUBBI
ordered, xkoTopas TpeOyeT UCIIONHEHISI OXBAYE€HHOTO €10 OJIOKa OIepaTopoB B
TOYHOCTH B TOH JK€ IMOCIIEAOBATEILHOCTH, KaKasl peallu3yeTcs B MOCIEI0Ba-
TENILHOHM BEPCHH AAHHOTO IUKJIIA;

-oTMeHy (nowait) HesBHOW OapbepHOW CHHXPOHHW3AIlMU IIOTOKOB, JO-
CTHUTIINX KOHIIA BBITIOJHEHHS CBOCH YacTH MTEpaMii HUKIA (IIPH OTCYTCTBUH
3TOH ONIMM YYacTOK NPOTPaMMBI IOCIE NUKNA OYIET BBIMOJHATHECS TOIBKO
TOT/1a, KOT/Ia BCE TIOTOKH BBINOJIHAT BCE CBOM UTEPALIH;

- rIyOMHY n BIIOKEHHBIX JPYr B Apyra nukioB (collapse(n)), mpoctpan-
CTBO HMTEpalUil KOTOPBIX MOJUICKUT PACHPENESICHHIO MKy MapajuIeIbHBIMU
MOTOKAMH (JIOCTYITHO TOJBKO B peanm3anuu 2.5 TexHonoruu OpenMP);

Hupextusl parallel u for MOkHO 00BEIUHATD B OJJHY AUPCKTHBY, B KOTO-
POM MOKHO yKa3bIBaTh ONIMH KaK JUPeKTUBHI parallel, Tak u qupexTuBsl for:

#pragma omp parallel for [ommst_1[, ommms_2, ...]]

Jlupekmuea, ykaszvieaioujas Ha HeOOX0OUMOCHb UCNOSIHEHUS OX6AM bl-

6AeM020 €10 YUacmKa Kooa (wacmu mena YUKIa) 6 moii nocie008amesbHo-
cmu, 6 KOMOpPOoii OH 6bINOJIHACHICA 6 HUCHO NOCIE006AMENbHOM pedcume

#pragma omp ordered
<cmpykmypHblil 010K K00a>

Jupexmuga 3adanus o0nacmu HeYUKIUYECKO20 naApAIenuIma
(yuacmku cmpyKmypHozo 010Ka Ko0a, KOMopvle MOZYm 8bINOJIHAMbBCA NaA-
DannenvHo, 6vlOeNAIOMCA € NOMOWBIO ORUCLIGAEMOU Oanee OUPEeKmuebl
section):

#pragma omp sections [ommms_1[, omms_2, ...]]

<cmpykmypHblil 010K K00a>

B kauectBe omuii 3TOH JAWPEKTHBBI MOXXHO YKa3blBaTh private,
firstprivate, lastprivate, reduction u nowait, UMeromue B TOYHOCTH TaKOH ke
CHHTAKCHC M TOT K€ CMBICI, YTO M Y TUPEKTUBHI for.

Jupexmuea onpedenenus yuacmrka HeUUKIUYecKo2o0 Kooa 011 00H020
nomoka: #pragma omp section
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C moMoIbIo 3TOH JUPEKTUBBI BHYTPH ydacTKa KOAd, OXBA4E€HHOTO AH-
PEKTHBOHN sections, BBIAEISIIOTCS OTAEIbHBIC ()PAarMEHTHI Ul HCIIOIHEHUS
HapauesIbHBIMH ToToKaMu. Ilepen campIM mepBbIM (parMEHTOM y4acTKa He-
IUKJIMYECKOTO KOJIa JUPEKTHUBY Section MOXKHO HE yKa3bIBATh.

Jupekmuga 00vA61€HUA CRUCKA J10KATbHBIX NEPEMEHHBIX NONOKOG
#pragma omp threadprivate(cnucok nepemenHnbIX)

Ora JAUPEKTHBA MO3BOJISIET CHENIaTh JIOKAIBHBIE KOMUH JUIS CTAaTHYECKUX
nepeMeHHBIX s13b1ka C/C++ (1 COMMON-06:10K0B si3b1ka DopTpaH), KOTOpbIE
M0 YMOJTYaHUIO SIBISIFOTCS] OOIINMH.

Aupexkmuea cozoanua omoenvHoil He3aguUCUMOUl 3a0auu (Hauunas c
eepcuu 2.5 OpenMP): #pragma omp task [ommms_1[, ormus 2, ...]]

<cmpykmyprblil 610K K00a>

Tekymuii TOTOK CO3/1aeT B Ka4e€CTBE 3aJ]a4Hl aCCOIIMUPOBAHHBIN C AUPEK-
THUBOH OJIOK OTIepaTOpOB. DTa 3a7a4a MOXKET BBINOJHATHCS HEMEJICHHO TIOCTIe
CO3/1aHMsI WK OBITh OTJIOKCHHOM HA HEOMPEACIEHHOE BPEMsI U BBIMOJHITHCS
o yacTsaM. Pa3mep Takux yacTel, a TaKKe MOPSI0K BBIIIOJIHEHUS YacTel pas-
HBIX OTJIOKEHHBIX 3a/1a4 onpeenseTcs peanusanueit OpenMP.

BosMosxHBIE OTTIHH:

- if, default, private, firstprivate u shared — UMeroT Takoif ke CHHTAKCHUC U
CMBICII, KaK ¥ B MIPEIBIAYIIAX THPCKTHBAX;

- untied — o3Hauaet, 4TO B Clly4ae OTKJAIbIBAHUs 3a7a4a MOXET OBbITH
[POJIOJDKEHA JIFOOBIM TIOTOKOM M3 YMCJIa BHIIOJHSIONIMX JAHHYIO Mapajlielib-
HYI0 00JIaCTh; €CJIM JIaHHAas OIIMS HE YKa3aHa, TO 3a/1aud MOXET OBbITh Ipo-
JIOJDKEHA TOJILKO TTIOPOIMBILKMM €€ OTOKOM;

ﬂupekmuea 02CUOAHUS HOMOKOM 3aeepuienusn 6cex He3a6UCUMDBLX 3a-
()au, 3anyuieHnblX UMEHHO U3 OAHHO020 NOMOKA.

#pragma omp taskwait

upexmuea, mpeoyowias UCHOIHEHUS 0XBAUEHHO20 €10 YUACMKA KOOa
6 mounocmu 0OHUM (1100bIM) HOMOKOM.

#pragma omp single [ommus_1[, ormus_2, ...]]
<cmpykmypHblil 010K K00a>
Omnuuu AVPEKTUBBI MO3BOJISIOT YKa3aTh:

- CIIMCKHM IIepeMeHHBIX private u firstprivate, UMeroImune Takoi ke CHHTAK-
CHC M CEMaHTHKY, KaK B paHee ONMCAHHBIX TUPEKTHBAX;

- CITUCOK TIEPEMEHHBIX (copyprivate(CIUCOK MEPEeMEHHBIX)), 3HAYSHHsI KO-
TOPBIX TIOCJIC BBIMOJNHCHHUS CTPYKTYPHOTO OJIOKA, 3aJaHHOTO JUPEKTUBOW
single, OyAayT 3aHeCEHBI BO BCE OJHOMMCHHBIC JIOKAJFHBIC IIEPEMEHHBIC
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(private u firstprivate), 3amaHHble TSI OXBATHIBAIOMIEH TTAPaIIICIEHOMN CEKITNM;
9Ta OMIKS HE MOXKET UCIIOJIb30BaThCsl COBMECTHO C OMIIUEH nowait; mepemMeH-
HBIE CITUCKAa HE JOJDKHBI OBITH MEPEYHCICHBl B OMIMAX private u firstprivate
JTAaHHOM TUPEKTHUBHI single;

- oTMeHy (nowait) HesBHOW OapbepHOW CHHXPOHHM3AIMU IIOTOKOB, JI0-
CTHUTLIMX TOYKH, CJIeIyolel 3a OJIOKOM OIepaTopoB, OXBAYECHHBIM JIHPEKTH-
BOH single; mpu OTCYTCTBUH 3TOH OIIMHK TaKasi CHHXPOHN3AIHS BBIIOIHACTCS.

ﬂupekmuea, mpeﬁyiomaﬂ UCNOJIHEHUA 0X6AUEHHO020 €10 yYacmKa Kooa
2/1ABHBIM HOMOKOM RPOCPDAMMBbL.

#pragma omp master
<cmpykmypHblil 610K K0Oa>

OTOT CTPYKTYpHBIH ONOK OYZET BBINOJHEH TOJHKO TJABHBIM ITOTOKOM
nporpaMMbl. OcTallbHBIE HOTOKHM TNPOCTO IMPOIMYCKAIOT ITAHHBIH y4yacTOK U
NPOJOJDKAIOT paboOTy C OMepaTopa, PacHoJIOKEHHOTO clieioM 3a HuM. Hess-
HOW CUHXPOHM3ALlMH JaHHAsl JUPEKTHBA HE MpeIosaraeT.

Jlupexmuea 61011 6apbepHOll CUHXPOHUZAUUU
#pragma omp barrier

[ToTOKHU, BBIMOJNHSIONUE TEKYIIYIO MapalIeIbHYI0 CEKIHUI0, MO 0
ITOM JUPEKTUBBI, OCTAHABJIIMBAIOTCA U XKIAYT, IIOKa BCEC MOTOKU HC I[Oﬁ}lyT 0
3TOH TOYKHM HPOTPaMMBI, TOCIE Yero pa3OIOKUPYIOTCS U MPOAOIDKAIOT pado-
TaTh ganbiie. Kpome Toro, njs pa30oiIoKMpOBKH HEOOXOUMO, YTOOBI BCE CHH-
XpOHHU3UPYEMBbIE TIOTOKH 3aBEPIIMIN BCE MOPOXKAEHHBIE UMH 3a/1a4uM (IUPEK-
TuBHI task u taskwait).

Jupexmuea, 00vaenawwan KpUmuyecKylo ceKyul0 — y4acTok mapai-
JIeTbHON 00JIaCTH IMPOTPAMMBI, KOTOPBIH €TMHOBPEMEHHO MOXET BBIMOJIHATH-
csi He OoJiee, 4YeM OJIHUM MOTOKOM: #pragma omp critical [()]

<cmpykmypHblil 010K K00a>

Ecmu KPUTHUYECKasA CCKIUA YIKE BBIITOJIHACTCA KaKUM-JIH00 IIOTOKOM, TO
BCE€ OCTAJIbHBIC, BBIIOJIHUBIIHNE OTY JUPEKTUBY JJIA CCKIHUU C JTAHHBIM UMECHEM,
6yZ[yT 3a6J’IOKI/IpOBaHLI, IIoKa BOH.[CI[I.HPI;I B CCKIIMIO ITOTOK HE€ 3aKOHYUT BBI-
[TOJIHEHHE ITOr0 OJIOKA Kozaa. Kak Tompko 310 HpOPBOfI,HeT, OJIMH U3 3a0JI0KH-
POBAaHHBLIX IOTOKOB BOﬁ,Z[CT B KPUTHUYCCKYIO CEKIHIO. Ecin Ha BXOJIC B KpUTH-
YCCKYIO CEKIHIO CTOSJIO HECKOJIBKO MOTOKOB, TO Cﬂy‘laﬁHBIM 06pa30M BBIOH-
paceTCda OAUH U3 HUX, a OCTAJIbHbIC 336J’IOKI/Ip0BaHHI)Ie MMPOJAOJIKAIOT OXKHUAAaHUC.

Bce HemMeHOBaHHBIE KPUTHYECKHE CEKIMH YCIOBHO ACCOIMUPYIOTCS C
OJIHUM M TEeM K€ UMEeHeM. Bce KpuThyeckue CeKLUH, UMEIOIINE OJTHO U TOXKe
UM, paCCMaTPUBAIOTCS KaK OJHA CEKIWs, JaXe €CIM HAXOMATCS B Pa3HBIX
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nmapaiensHBIX 00macTsax. I10009YHbIe BXOIBI M BBIXOIBI U3 KPUTHIECKOH CEK-
IIUH 3aIIPEeIICHEI.

Hupexmuea 010Kuposku oocmyna K oduieil nepemenHoil u3 n1eeoil ua-
Cmu onepamopa npuceauéaHus Ha 6pems GLINOJIHEHUA 6cex OelcmEull ¢
MOl nepemeHHoll 6 OAHHOM onepamope: #pragma omp atomic

<oreparop MpucBauBaHUSI>

AToMapHOH (OJOKHPYIOIIEH BBHIITOTHEHHE OCTANBHBIX MMOTOKOB) SIBIISACTCS
TOJIBKO paboTa ¢ IepeMEHHOU U3 JICBOH YacTH ollepaTopa NpHCBaMBaHU, IIPU
9TOM BBIYHCIICHUS B €r0 MPABOIl YacTH, UCIIONB3YIOIINE ApyrHe NepeMeHHbIE,
HE 00s13aHBI OBITH ATOMAapPHBIMH.

Jupexmuea akmyanuzayuu 3HaueHuil nepemeHHbIX NOMOKA.
#pragma omp flush [(crircok mepeMeHHBIX) |

3HaueHHs BCeX IEPEMEHHBIX (WM NMEPEeMEHHBIX W3 CIIUCKA, eCd OH 3a-
JlaH), BPEMCHHO XPAHSILIMECS B PErUCTPaxX M KIII-TIaMSTH TEKYIIero MOoToKa,
3aHOCATCS B OCHOBHYIO MTaMSTh; CJICIOBATEIILHO, BCE H3MCHEHHUS IIEPESMEHHBIX,
cllenaHHble IOTOKOM BO BpeMsi pabOThl, CTAaHYT BHUIMMBI OCTAIbHBIM HOTOKAM;
eCII Kakasi-To WHpopManus XpaHutcs B Oydepax BbIBoga, TO Oydepsl OyayT
cOpOLICHBI HA BHEIIHHE HOCUTENH U T.II. DTH JCHCTBHUS IPOU3BOIATCS TOIBKO
C JaHHBIMH BBITIOJIHMBIIETO JTUPEKTHBY TIOTOKA, a JaHHbIC, M3MEHSBIIMECS
JPYTrUMHU TIOTOKaMHM, He 3aTparuBarorcs. [lo MONHOIro 3aBeplieHHs ITHUX JeH-
CTBHMH HUKaKHe Jpyrue onepauuu ¢ ydactByromumu B aupektuse flush nepe-
MEHHBIMH HE MOTYT BBINOJHSTHCS. [103TOMy BbIMonHeHHe aAupekTuBbl flush
0e3 crucKa MepeMeHHBIX MOXKET HOBJIeYb 3HAUYUTENIbHbIE HAKIIAHbIE PACXO/IBI.
Ecnu B 1aHHBIIT MOMEHT Hy’)KHA FapaHTHsl COTJIACOBAHHOI'O NPECTAaBICHHS HE
BCEX, a JIMIIb HEKOTOPBIX MEPEMEHHBIX, TO HIMEHHO HX CIICIYeT SBHO Mepedrc-
JIUTH B JTUPEKTHBE CITUCKOM.

IlepeMeHHbIE OKPY:KEHUS

OMP_NUM_THREADS — koji14ecTBO IIOTOKOB B HOBOW HapaJulesIbHO
obmacru.

OMP_NESTED — B03MOXHOCTb CO3/[aHUsI BJIOKEHHBIX MapajjiebHbIX
obnacreil.

OMP_MAX_ACTIVE_LEVELS — makcuManbHas TITyOHHA BIOKEHHOCTH
napajuieNIbHBIX 00nacTeil.

OMP_DYNAMIC — BO3MOXHOCTb JIMHAMHUYECKOTO OTPEENICHUs] KOJIH-
YyecTBa NOTOKOB (MMeeT Oomnpmmid npuopuret, yeM OMP _NUM THREADS).
OMP_THREAD_LIMIT — makcumanbpHOE KOJMYECTBO ITOTOKOB IPOTPaMMBI.
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OMP_SCHEDULE - crioco6 pacrmpeneneHus UTepaui IHKIa IS 3HAYCHUS
runtime omun schedule aupexTuss! for.

OMP_STACKSIZE — pa3mep cTeka Kask0ro IoToKa.

OMP_WAIT_POLICY - Bbimenarte WIM HET KBaHTHl IPOIECCOPHOTO
BPEMEHH JKITYLIUM MOTOKaM.

Bubauoreka ¢pynknuit OpenMP

double omp_get wtime(void); — BosBpamaer Tekyiee Bpems. double
omp_get_wtick(void); — BosBpamaer pasmMep THKa TaiiMepa. int
omp_get_thread_num(void); -  BosBpamaer HOMep  MOTOKA.  int
omp_get_max_threads(void); — Bo3BpalaeT MaKCMMaJbHO BO3MOXHOE KOJIH-
YeCTBO MOTOKOB IS CIIEMYIOIIEH TTapalIeIbHOM 00TacTH.

int omp_get_thread_limit(void); - BO3BpAIlaeT 3HAaYECHUE
OMP_THREAD_LIMIT.

void omp_set_num_threads(int num); — ycraHaBIMBaeT HOBOE 3HAYECHHUE
nepemernHoit OMP NUM_THREADS.

int omp_get_num_procs(void); — Bo3Bpamaer KOJIMYECTBO MPOLECCO-
poe/smep. int omp get dynamic(void); —  BO3BpamaeTr 3HAuUCHUE
OMP_DYNAMIC.

void omp_set_dynamic(int num); — ycraHaBiMBaeT HOBOE 3HAUCHHUE Iie-
pemenHoiit OMP_DYNAMIC.

int omp_get_nested(void); — Bo3Bparuaer 3uaueane OMP_ NESTED.

void omp_set_nested(int nested); — ycranaBiuBaeT HOBOE 3HAYCHHE Me-
pemenHoit OMP_ NESTED.

int omp_in_parallel(void); — Bo3Bpamiaer 0, ecnu GyHKIMS BbI3BaHA U3
MOCTIeZI0BATENBHON 00JIaCTH U 1, eciTi U3 mapasuieIbHOM.

int omp_get_max_active_levels(void); — Bo3spamiaer 3HadeHre epeMeH-
Hoit OMP_MAX_ACTIVE_LEVELS

void omp_set_max_active_levels(int max); ); — ycraHaBiuBaeT HOBOE
snauenne OMP_MAX_ACTIVE LEVELS

int omp_get_level(void); — Bo3Bpamaer riyOHHY BJIOXXEHHOCTH Mapa-
JIeNBHBIX 00NaCTe.

int omp_get_ancestor_thread_num(int level); — Bo3Bpamiaer HOMep moTO-
Ka, TOPOJIMBIIETO TEKYIYIO MapaliebHYI0 001aCTh.
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int omp_get_team_size(int level); — Bo3BparaeT mst 3a7aHHOTO MapaMeT-
poM level ypoBHSI BIIO’KEHHOCTH TapajuIeIbHBIX 007acTeil KOJIMYECTBO MOTO-
KOB, TOPOXKAEHHBIX OXHHM POAUTEIHECKHM ITOTOKOM.

int omp_get_active_level(void); — Bo3Bpamaer KOJMYECTBO BIIOKEHHBIX
napajenbHbIX obnacteil, o6pabaTsiBacMbIX 60Iee YeM OTHUM MOTOKOM.

Cremyromas rpymmna GyHKIMA HCHOIB3YeTCs Ui CHHXPOHHU3AINH ITapa-
JICJIBHO BBIIIOJIHAKOIIUXCA IIOTOKOB C IIOMOIIBIO TaK HA3bIBAEMbIX 3aMKOB
(lock).

void omp_init_lock(omp_lock_t *lock); — cosmars (MHMUIHATM3HPOBATH)
IIPOCTOM 3aMOK.

void omp_init_nest_lock(omp_nest_lock t *lock); — cosmate 3amox ¢
MHOKCECTBCHHBIMHU 3aXBaTaMU.

void omp_destroy lock(omp_lock_t *lock); — yuuuroxxuts mpocroii 3a-
MOK (IIepeBECTH B HEHMHHUIMATIU3UPOBAHHOE COCTOSHUE).

void omp_destroy_nest_lock(omp_nest_lock_t *lock); — yHu4TOX)UTH
MHO>KECTBEHHBIN 3aMOK (HepeBeCTI/I B HCMHUIINAJIN3UPOBAHHOC COCTO)IHI/IG).

void omp_set_lock(omp_lock_t *lock); — 3axBaTuts mpocToit 3aMok (eciu
3aMOK YK€ 3aXBayiCH ApPYTUM IIOTOKOM, TO [[aHHI)IfI TMOTOK NEPEBOJUTCA B
Kaymiee COCTO?[HI/Ie).

void omp_set_nest_lock(omp_nest_lock t *lock); — 3axBatute mHOXe-
CTBEHHBIM 3aMOK (€ClM 3aMOK yXe 3aXBadeH APYIUM ITOTOKOM, TO JaHHBIN
TMOTOK MEPEBOJAUTCA B KAYHICE COCTOAHUC, €CJIM 3aMOK 3aXBa4Y€H OTUM KE€ I10-
TOKOM, TO YBCJIMYNBACTCA CUCTUUK SaXBaTOB).

void omp_unset_lock(omp_lock_t *lock); — ocBoGoauTh mpocToil 3aMoK
(ecnu ecTh MOTOKH, KJIYIIHE €r0 OCBOOOXKIEHHSA, TO OJWH U3 HHX, BRIOMpae-
MBIH CITydaifHBIM 00pa30M, 3aXBaTBIBAET 3TOT 3aMOK U IEPEXOIUT B COCTOSTHHE
BBITIOJTHEHHS ).

void omp_unset_nest_lock(omp_lock_t *lock); — ymenbmuTs Ha 1 xomu-
YCCTBO 3aXBaTOB MHOXXCCTBCHHOI'O 3aMKa (ecnn KOJIMYECTBO 3aXBaTOB CTAJIO
PaBHO HYJIIO U €CTh MOTOKH, JKIYIIUE €r0 OCBOOOXKIEHHS, TO OJAWH W3 HUX,
BBIOMpaeMBbIil CIlydaiiHBIM 00pa3oM, 3aXBaTBIBACT 3TOT 3aMOK M MEPEXOIUT B
COCTOSIHUE BBITIOJTHEHUS).

int omp_test_lock(omp_lock_t *lock); — nmonbITaThest 3aXBaTUTh MPOCTOM
3aMOK (€CJIH IMOTBITKA He yaach, T.€. 3aMOK YK€ 3aXBaucH JIPYTHM ITOTOKOM,
TO Bo3Bpataetcs 0, nHaue Bo3Bpaiuaercs 1).

int omp_test nest_lock(omp_lock_t *lock); — mnombitaThes 3axBaTUTh
MHO)KECTBEHHBIN 3aMOK (€CJIM MOMBITKA He YAalach, T.e. 3aMOK yXKe 3aXBaucH
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JPYrUM MOTOKOM, TO Bo3Bpaiaercsi 0, nHade BO3BpAIAeTCsl HOBOE 3HAYCHUE
CYCTYHKA 3aXBATOB).

3amanue

Wzyuuts Texnonoruto OpenMP u cpeactBa cpenbl pa3paboTKu, HCIIONb-
3yeMble IIPU Pa3padOTKe M OTJIAJKe MapajielIbHbIX IPOrpaMM Ha OCHOBE STOM
TEXHOJIOTHH.

Pa3paboTath nociieoBaTeNbHbIA aJrOPUTM PEIICHHs 3aJaul, HallucaTh U
OTJIaUTh NOCIIEIOBATENbHYIO IPOTPaMMYy.

MoanpunnupoBats MOCIEIOBATEIbHYIO IPOTpaMMy IyTEM BCTaBKH JH-
PeKTUB " BBI30BOB (pyHKIMH OpenMP, moaydnTs ¥ OTIaIuTh NapauIeIbHYIO
MpOTpaMMy pELICHUS 331a4H.

[Tpoananu3npoBaTh pe3ysbTATHl PEIICHMS 3aaudl IS TTOCIIE0BATEIbHO-
rO ¥ MapajuleIbHOTO BapUaHTOB MPOTPAaMMBI, OLEHUTh OTKJIOHEHHS IOJIydeH-
HBIX PEIICHHWH APYT OT JApyra W OT 3TaJIOHHOTO (€CIM OHO M3BECTHO), 00BsC-
HHUTb IPUIHHBI OTKIOHEHHH.

W3MepuTh U OLICHUTh BPEMEHHBIC XapaKTEPUCTHKHU IOCIIEA0BAaTEIbHON U
napanielbHON IPorpaMMBbl, OOBSICHUTH NOJIYYEHHBIE COOTHOIICHHUS.

Caenath BBIBO/IBI IO UTOT'aM MPOZETaHHOM paboThI.

2.6. IlpakTnyeckoe 3ansitue «IIporpammupoBanue MBC
¢ rpadpuuecKuMH npoueccopamMm»

Heab paGoTbl

W3yunts apxurektypy CUDA 1 0CHOBBI pa3pabOTKH MapaylIeNbHBIX IPo-
rpamMM U1 COBMECTHOTO ucronb3oBanus CPU u GPU.

TeopeTnueckue cBegeHUs

CUDA (Compute Unified Device Architecture) npencrasisier coboii co-
BOKYITHOCTh ammapatHoro (Tpaduyeckuii mporeccop — GPU) n nmporpaMMHoOro
obecrieueHus1, PeTOCTABISIONIEr0 BO3MOXKHOCTh MOATOTOBKUA U HCIIOJHEHUS
MPOTPaMM C OYeHb BBICOKOM CTENEHBIO Mapaiean3mMa.

GPU ecTp criennaJM3upoBaHHOE BBHIYUCIUTEIBFHOE YCTPOWCTBO, KOTOPOE
SIBIIIETCSI COIIPOIIECCOPOM K OCHOBHOMY Tiporieccopy kommbioTepa (CPU), 06-

23



JagaeT coOCTBEHHOM MaMsIThIO M BO3MOXKHOCTHIO MApAIUIEIbHOTO BIMOJIHEHHS
OTPOMHOTO KOJMYECTBa (TBHICSIYM U NIECATKU THICSAY) OTIACIbHBIX HUTEH (IOTO-
KOB) 00paboTku maHHBIX coriacHo Monemn OKM/I.

Texnonorus OpenMP u CUDA BnojiHe COBMECTUMBI U MOTYT HCIIOJIB30-
BaTbCsi B OJHOH IapajuIeIbHOM IporpamMme Uil NOCTHKEHUS MaKCUMAaJbHO
BO3MOYKHOTO YCKOPEHHS.

Mem)ly IIOTOKaMH, BBIIIOJIHACMBIMH Ha CPU u IIOTOKaMH, BBIIIOJIHACMbI-
MU Fpa(l)I/I‘IeCKI/IM npoueccopoM, €CTb MPUHIUTIUAIIBHBIC PA3JIAYUA:

- HUTH, BeImonHsseMble Ha GPU, o6mamarot kpaliHe HU3KOH «CTOUMOCTBIO
— UX CO3JIaHHE U yIpaBlicHHE UMHU TpeOyeT MUHUMAJILHBIX PEeCypcoB (B OTIH-
quu oT otokoB CPU);

- st 3 dexTrBHON yTHaM3auuKu Bo3mMoxkHocTeld GPU HyXHO HMCIosb30-
BaTh MHOTHE ThICAYHM OTAENbHBIX HHUTeH (it CPU 00bruHO OBIBaeT TPyAHO
OpraHu30BBIBATH Oojee, eM 10-20 moTOoKOB)

[Ipunoxenus, ucnomis3yroniue BosmoxHocTh CUDA s mapannensHO
00paboTku JNaHHBIX, B3auMojeiicTByloT ¢ GPU uepe3 mporpaMMHble UHTEP-
¢eiicel, Ha3piBaemble CUDAruntime nimm CUDA-driver (00b14HO HHTEpdEHCH
CUDA-runtime u CUDA-driver 0JHOBpEMEHHO HE HCIIOJIb3YIOTCS, XOTSI 3TO B
MPUHIUIIE BO3MOXHO).

IIporpamms! ast CUDA numrytes Ha "pacmmpeHHoM" s3pike C, IPH 3TOM
UX TapajulenbHas 4acTh (Tak Ha3bIBaeMbIe «sapay) BeimonHsaeTcs Ha GPU, a
oObpryHast mocienoBarenbHas dacTh — Ha CPU. KoMIOHEHTHI apXHUTEKTypHI
CUDA, npuHHMAIOIINE yJ9acTHe B MOJATOTOBKE M HCIIOIHCHWU MPHIOKECHHUS,
ABTOMATHUYECKH OCYLIECTBIIIOT pa3/ielieHHe JacTeil M ympaBlieHHe MX 3aIryc-
KOM.

C Ttouku 3peHusi paspaborunka nporpammbl uisi CUDA rpaduyeckuii
MPOLIECCOP TPEJCTABIIACT COOOM OJHO YCTPONCTBO yNpaBIEHHUS U OTPOMHOE
KOJIMYECTBO apU(PMETHKOJIIOrHYECKUX YCTPOUCTB (AJIY), Kax1oe 13 KOTOPBIX
o0namaeT COOCTBEHHON PEruCTPOBON MaMATHIO (paclpelelieHHeM PETHCTPOB
Mexnay AJIY ympasmser nporpamMuoe ooectieuenrne CUDA) u mmeer qocTym
K HECKOJIbKMM YPOBHSM IaMATH pa3IMuyHOTO o0bema u ObicTponercTus. Bee
apu(METHKO-JIOTHIECKUEe YCTPOHCTBA B JIOOOH MAaHHBII MOMEHT BPEMEHH
UCIIOJIHAIOT OJHY KOMaHJy, BBIOpDaHHYIO M JEKOJMPOBAHHYIO YCTPOMCTBOM
ynpasieHus. PeallbHO yCTPOWCTB yNpaBieHUs] HECKOJBKO (MX KOJINYECTBO
3aBUCHUT OT Mojesu rpadudeckoro mporeccopa). COBOKYITHOCTh W3 OJHOTO
YCTPOWCTBA yNpaBIICHUS, CBA3aHHBIX C HAM apU(pMETHKO-JIOTHIECKUX
YCTPOHNCTB, PETUCTPOB, OBICTPOH pa3ienseMoi MaMsATH, TOCTYITHON U3 KaxI0-
ro AJIY, u GoJyiee MenJeHHON JIOKaTbHOH mamsaTH kKaxkaoro AJIY obpa3yroT
TaK Ha3bIBAEMBbI MYJIbTUIIpOLIECCOP. Bce MynbTUIIPOLIECCOPBI UMEIOT JOCTYIL
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K eme 0oiee MEIJICHHOMY K3IIy TEKCTyp, K3IIy KOHCTAHT M TJI00aNbHOH Ia-
MSTH yCTPOWCTBA, Yepe3 KOTOPYIO OCYIIECTBISICTCS Mepernada AaHHBIX B/U3
OCHOBHOH NaMsATH KOMIIbIOTEpa. BHYTpeHHHUE 31EMEHTHI MaMATH MYJIbTHIIPO-
neccopa HegoctymHbl 13 CPU. OToOpaskeHne OMHON MM HECKOJIBKUX Hapai-
JETbHBIX O0JlacTell MpOrpaMMBI Ha COBOKYITHOCTH MYJIBTHIIPOLIECCOPOB OCY-
mecTBisieT nporpammHoe obecneueHne CUDA w SBIAeTCS «IIpO3pAavdHBIM)
JUIst IporpaMmucta. EMy Hy»HO 3HaTh TOJBKO O TOM, YTO C JIOTHYECKOH TOYKH
3peHus napajuiesibHast 00sacTb nporpamMmsl («iapo» B TepMmunosiorun CUDA)
npezacTaBisieT coboit cetky (grid) 61okoB (block) motokos (thread). brok mo-
TOKOB — 3TO Ha0Op MOTOKOB, BHIMOJIHAEMBIX OJHIUM MYyJbTUIporeccopoMm. [o-
TOKH OJTHOTO 0JIOKa MOTYT B3aHMMOJIEHCTBOBATh Yepe3 pasAeiieMylo aMsiTh U
CHUHXPOHH3HPOBATHCSA MEXKAy co00il. CeTka 1 (HE3aBHCUMO OT Hee) KXk bl U3
OJIOKOB TIpENCTaBIAIOT cOOOH OIHO-, ABY- WIIM TPEXMEPHYIO CTPYKTypy Oi0-
KOB M MTOTOKOB COOTBETCTBEHHO. KonmuecTBO pazmepHOCTEil U pa3sMephl Kax-
JIOM W3 HUX 3a7aeT MporpaMMmucT. KaxIslii MOTOK Mocie 3ammycka UMeeT J10-
CTYI K IIEPEMEHHBIM (CTPYKTYpaM), XPAHSIIUM €ro COOCTBEHHBIE KOOPAHHATHI
BHYTPH OJIOKA U KOOPJIMHATHI OXBATHIBAIOIET0 OJ0Ka BHYTPH CETKH.

Apxurekrypa CUDA npenycmarpuBaeT HIMPOKUiT HA0Op BO3MOXKHOCTEH
W TOAJEPKUBACTCS B BUAeoKapTax Heckoibkux ymHeek (GEforce, Quadro,
NVS, Tesla, ION). Pazasie Mogenu rpaduuecKux IponeccopoB, GyHKINOHH-
PYIOIINX B TAKHX BHACOKAPTAX, UMEIOT KaykAasi COOCTBECHHBIN HaOOp mapaMer-
POB (HarpuMep — KOJMUYECTBO PETUCTPOB, 00BEM Pa3lesIeMON MaMsITH MYiTb-
THUIIPOLIECCOPA) M MOAJICP)KUBAIOT pa3Hble HAOOPHI BO3MOXKHOCTEH, CrpyIIIH-
pOBaHHBIE B BepCHH apXUTEKTypbl oT 1.0 mo 2.1 (0 COCTOSHHIO Ha KOHEIl
2011 roga). [lng xaxa0ro yCTpOWCTBa MPOU3BOAUTEN YKA3bIBACT MMOAICPKH-
Baemyto uM Bepcuio CUDA, o HoMepy BEepCHH MOKHO OTPEAETUTh 3HAYCHUS
1apaMeTpOB U JIOCTYITHbIE BO3MOXHOCTH.

Pexomennyemas pa3paboTunKaMi apXUTEKTYpbl TEXHOJIOTHS IMapajlieib-
HOTO IPOTPaMMHPOBAHHUS COCTOUT B CJICIYIOLIEM:

1. CunanmpoBath pa3dueHue oOpabaThIBacMBIX NaHHBIX Ha (hparMeHTHI,
LEJIMKOM TIOMEIIAFONINECs B Pa3IeliieMyI0 MaMsTh IpapuIecKoro mpouecco-

pa.
2. OGecrieunTh 3arpy3Ky JAaHHBIX B r00aibpHy0 namsath GPU.
3. 3amycTuts sA71po, B IporpaMMe KaxJ1oro Oioxa:

3.1 BHINONHUTH MEpeMENICHUEe HYKHBIX (ParMeHTOB JIaHHBIX U3
r7100aJIbHON TAMSITH B JIOKAIBHYIO TTaMSITh OJIOKA.

3.2 BbInonaHuTh TpeOyeMble BHIYUCICHUS.

3.3 CkommpoBath c(hOpMHUPOBaHHBIE PE3YNIbTaThl 00pabOTKN U3 pas-
JIeTsIEMOH TTaMSATH B INI00ANIbHYIO IAMATh YCTpOICTBa.
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4. IlepeHecTH MONYyYEHHBIE PE3yJIbTAaThl M3 IMAaMATH Ipadu4ecKoro mnpo-
1eccopa B OCHOBHYIO IaMAThb KOMITBIOTEpA, BBIIOJIHUTH MX OKOHYATEIBHYIO
00pabOTKy WM BEIBECTH HA BHEITHUI HOCHUTEIb.

Pacrmpennas cpena mporpaMMUpOBaHus s s3bika C BKITFOYACT:

- Pactmipenus cunTakcuca Juis Hanucanus koga ans GPU, peanusy-
€MBIC JIOTIOJIHUTEILHBIM MPEIPOIIECCOPOM NVCC.

- Run-time oubnmorexu:

e OO0mas 4acTb — BCTPOCHHBIC BEKTOPHBIC THIIBI ITAHHBIX H
Habop ¢pyHkumi, ncnoxasemsrx u Ha CPU, u ma GPU.

e CPU-kommoHeHTa, AJIsl AOCTYNa W YNPaBICHUS ONHUM HIIH
Heckonbkumu GPU (mpaiisep).

e GPU-xoMmoHeHTa, IpeA0oCTaBIsIomas GyHKINH, crierudu-
yeckue Toabko a1 GPU. Paciupenns cuHTakcuca si3blka BKITO-
YaloT B ce0s:

1. JlononHUTENHHBIC BUIBI (QYHKIINH:

Hcnonnsiercs Ha Bri3siBaercs us
host__ float HostFunc() CPU CPU
global__ void KernelFunc() GPU CPU
device__ float DeviceFunc() GPU GPU

Oco0eHHOCTH JAOTIOHUTENBHBIX BUJIOB (DyHKITHIA:

Oyukius, o0bsIBIeHHAs Kak __ global | sBisteTcst GyHKIMEH-1apoM, OHa
HE MOKET BO3BpaIlaTh HUKAKOTO 3HaueHUs (Bceraa void).

Oynkuus Buga  device ¥ BBINOJHSETCS U 3alycKaeTcsl U3 (QyHKIHH,
ucrionaseMbix Ha GPU, mosTtoMy Henlb3s NMOMYYHTbh yKazaTelb Ha TaKylo
¢dyakamto. B pyHknmsx, ucromasemsrx Ha GPU:

- Heponyctuma pexypcusi.
- He MoxeT OBITh CTaTHYECKHUX ITEPEMEHHBIX BHYTPH ()yHKITHH.
- KonmgaectBo apryMeHTOB HE MOXKET OBITh IIEPEMEHHBIM .

2. JIOHOHHI/ITCHI)HBIC BUBI ICPEMECHHBIX!

Tun namsatu Ob6nactu Bpewms

BUMMOCTH KHU3HU
_ device  shared int | pasmensemas 6JI0K 6JI0K
_ device int rio0anbHast ceTKa AIPO
_device  constant _int | k311 KOHCTaHT ceTKa AIPO
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KiroueBoe cmoBo  device  HeoOs3aTeNbHO, €CIH  HCHOIB3YETCS
_ shared wmm _ constant . JlokanpHBIC IepeMeHHbBIC 0e3 uaeHTH(GHUKaTopa
BUJIa XPAHSITCS B PETUCTPAX, 32 UCKIIOUYECHHEM OOJBIINX CTPYKTYP HIIM MacCH-
BOB, JECMCTBUTEIBHO PACHOJAralmoluXcs B JOKAJIBHOM maMsTH. Tun namsTa
yKa3arelns aganTHpyeTcs K TUILY IPUCBOSHHOTO €MY BBIPasKCHHUS

3. BcTpocHHBIE BEKTOPHBIC TUIIBI OOBSBISIFOTCS TaK:
[u]char[1..4], [u]short[1..4], [u]int[1..4], [u]long[1..4], float[1..4]

BykBa u B 3TUX 0OBSIBICHUSIX HEOOS3aTeNIbHA, SBIISETCS COKPAICHHEM OT
cioBa unsigned u B cilyyae ee yKa3aHWs 03HAYAET, YTO BCE MOJIS TAHHOTO THIIA
SIBJISIFOTCS] 0€33HAKOBBIMU 1IENBIMU. JIOCTYII K TIOJISIM 3THUX THUIIOB OCYIIECTBIIS-
eTCsl 10 UMEHAM: X, Y, Z, W, HallpUMED:

uint4 param;

inty = param.y;

int abc = param.w;

Tun dim3 sBasiercs cuHoHMMOM uint3. OObrHO TUN dim3 HUCHOIB3yeTCs
JUISL 3aJJaHUS TAPaMETPOB CETKH.

4. SInpo (cobctBenno mporpamma aisi GPU) u ero 3amyck:

[pu 3amycke sAApY IODKHBI OBITH HEpPEAaHbl 00sA3aTENbHBIC MapaMeTPhI
koH(purypanuu cetku. J[is storo B mporpamme st CPU onuceiBaroTcst U co-
3[IAI0TCS ceyomue (yHKIUHN U IepPEMCHHbIC:

__global__ void KernelFunc(...); — mpotoTun GpyHKIHH, SBISIFOLIEHCS 51-
pom.

dim3 DimGrid(100, 50); — nepemennas CPU, onpenenstomasi IByMep-
HOCTb CETKU OJIOKOB OTOKOB 1 ee pazmepsl 100 x 50, T.e. 5000 6510K0B.

dim3 DimBlock(4, 8, 8); — nepemennas CPU, onpenensiromasi Tpexmep-
HOCTh COBOKYITHOCTH ITOTOKOB B KaXKIOM OJIOK U pa3Mepbl 3TOW COBOKYITHOCTH
4 x 8 x 8, T.e. 256 MOTOKOB Ha OJIOK.

size_t SharedMemBytes = 64; — nepemennas CPU, onpenenstomias pas-
Mep pazjensaeMoi mamsaTH B 64 Gaiita, BbIenseMoi KaxaoMy moToky. [locie
3THX OOBSIBICHUI MOXKHO 3aITyCTHTB SIAPO, JUIS 3TOTO TOXKE PEasM30BaH CIe-
[IMaJIbHBI CHHTAKCHC!

KernelFunc<<<DimGrid, DimBlock, ShareMemBytes>>>(...);
OmumonanbHble SharedMemBytes Gaiit:

-BBIJACIIAIOTCA B AOIIOJJHCHHC K CTAaTHYCCKHU 00BSABIEHHBIM pa3zaciIACMbIM
TMIEPEMEHHBIM B SAJIPE;
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- oToOpaxarorcs Ha Jo0yro nepeMeHHyr0 Buzaa: extern  shared  float
DynamicSharedMem([].

BCTpOGHHLIe NEPEMECHHBIC, CO31aBaCMbIC U MWHUIIUAJIUZUPYCEMBIC aBTOMa-
TUYCCKHU MIPU 3allyCKE AApa:

- dim3 gridDim; — pasmepsl cetku B 60kax (gridDim.w He HCIONB3yeT-
cs).

- dim3 blockDim; — pasmepst oHOTO GII0Ka B TIOTOKAX.

- dim3 blockldx; — nHgEeKC GOKA BHYTPH CETKH.

- dim3 threadldx; — nagekc moToka BHYTpH OII0KA.

9TI/I MEPEMECHHBIC JOCTYNHBI TOJBKO JJId KOJa IMapaljICIbHbIX BETBEN A0-
pa, ucnonasemoro Ha GPU.

OOmrast dactp Run-time OHONMHOTEK COHEPKUT OONBIIOE KOIHIECTBO
(dhyHKIMHA, HEOOXOAMMBIX (MM OMIMOHAIBHBIX) MPHU HAMCAHUH Mapajlielib-
HOHM mporpaMmbl. Takux (QyHKIMI CIMIIKOM MHOTO JUIS TOTO, YTOOBI IPHBO-
JIUTh MX OMHCAHHE B TaHHOM METOIMYCCKOM MTOCOOUH, TIOATOMY 3/1€Ch IPUBO-
JUTCS ONMCAHUE TOJILKO TeX (YHKIMH, KOTOPBIC ICHCTBUTEIBLHO HEOOXOIH-
MbL. Bee OubroTeyHbie (GyHKITUH MOKHO Pa3/Ie/IuTh Ha HECKOJIBKO TPYIII:

1.Ympasnenue norokamu CPU u GPU, cunaxponuzanus.
2. O6paboTKa OMHOOK.

. YpaBiieHue yCTpOUCTBOM.

. YripaBieHue COOBITHIMH.

. YpasieHnue rao0anbHON TaMsThIO.

. Uatepdeiic ¢ OpenGL u Direct3D Bepcmit 9, 10 u 11.
. MaTepdeiic ¢ BuaeoaganTepom.

. YrpaBneHue TeKCTypaMH U IIOBEPXHOCTAMHU.

O 0 9 N L b W

. UaTepoeiic ¢ mpaiisepom CUDA.

IIpu paszpaboTke M060# MapaieIbHON TPOrpaMMbl HEBO3ZMOKHO 000H-
THCBH 03 UCI0JIp30BaHMs PYHKIMH yrpaBieHus riiodanbHoit namsteio GPU.
Takux ¢yukuuii 6osee 40, u3 HUX HaHOOJIEE YIOTPEOUTENBHBI CICAYIOIIHE:
cudaError_t cudaMalloc (void *xdevPtr, size_t size).

Brigenser 610k rio0aibHON MaMATH YCTPOWCTBA pa3MepPOM Size W 3aHO-
CHUT azipec 3Toro OJoka B ykazatenb devPtr. Bos3sparmiaer 160 Ko ycrmeurHoro
3aBepmeHus cudaSuccess, MO0 KOA OMMUOKH, €ClH OJIOK MaMITH pacipese-
JINTh HE yAAI0Ch.

cudaError_t cudaFree (void *devPtr); Bosspamiaer paHee BbIJeIeHHBIH
610K T100aTBHON MAaMSTH B Iyl CBOOOTHON MaMATH.
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BosBpamaer mub0 KOI YCIENIHOTO 3aBEpUICHUS, JHUOO KOA OIIMOKH
(HammpuMmep, ecii 3TOT OJI0K paHee He BBIACISIICS).

cudaError_t cudaMemcpy(void =dst, const void =src, size_t count, enum
cudaMemcpyKind kind);

Konmpyer 6510k maMsTi pazMepoM count OalT, pacoIoKEeHHBIH 1O aape-
Cy src, B maMsTh 1o ajpecy dst. OnuH U3 3TUX OJIOKOB pa3MeNaeTcsi B OCHOB-
HOM NaMsTH KOMIbBIOTEpa, BTOPOH — B TJI00ANBbHON HaMATH TpaduuecKoro
nporeccopa, Kakoil U3 HHX TJe — onpelessiercss 3HadeHueM aprymenra kind
(momyctumbl - cudaMemcpyHostToDevice u  cudaMemcpyDeviceToHost).
BosBpamaet 1160 Kol yCHEIIHOTO 3aBEPIICHHS, JINOO KO OIIMOKH.

ITpn HEOOXOAMMOCTH HCMONB30BaHUS APYTHX (YHKIHHA MOXHO HCIOIb-
30BaTh PyKOBOACTBa Mo nporpammuposanuio 1isi CUDA u cnpaBouHble Ma-
TepHABbI.

3ananue

Wzyants ocHOBHI apxutekrypsl CUDA u HacTpolKy cpeasl pa3padoTKu
Microsoft Visual Studio ams pa3paboTku v OTIaAKH MapaUICIEHBIX TPOTPaMM
rpaduyeckoro mnporeccopa.

Pa3paboTtare miaH pa3MemeHUs NaHHBIX pelIacMoil 3ajadd B pasfelsie-
moii mamsatu GPU.

Pazpaborars sapo (¢yHkimto mis GPU, BBINOJHSIONIYI0O MacCOBYHO Ta-
paenbHyo 00paboTKy MaTpPUIlbl) B COOTBETCTBHUH C ATHM IIJIAHOM.

Paspabotare mocnenoBatenpHy0 nporpammy mins CPU, obecneumBaro-
HIYI0O CUUTHIBAHHE HMCXOJHBIX HaHHBIX, NEPEHOC MX B IIIOOAIBHYIO MaMSTh
GPU, 3anyck siapa, OKuJaHHE €ro 3aBEpIICHUS, CYUTHIBAHUE U OKOHYATEb-
Hy10 00paboTKy pe3ynpTaToB. OTIaauTh COBOKYITHOCTH mporpamm anst CPU u
GPU.

HpOaHa.HI/ISI/IpOBaTL PE3yJbTaThbl PCIICHUA 3a4a4M, OLUCHUTHb OTKJIOHCHHC
TMOJTYYCHHBIX 3HAQYCHHUH OT OXHJIACMBIX, 00BLICHUTE TIPUYUHBI OTKJIOHCHHUH.

2.7. IlpakTnyeckoe 3ansiTne « TunoBpie napajajieabHble AJITOPUTMbD)

Hean padoTbl
Pa3paboTka THUIIOBBIX MMapauIeIBHBIX aTOPUTMOB.
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Teopernueckue cBegeHUs

Bonee nmonpoOHO TeopeTnueckoe 0OOCHOBAHWE JAHHOW TEMBbI MPEACTaB-
JICHO B CJIEAYIOUINX MCTOYHHMKaX: MHCTpyMEHTH! HMapalieabHOro NporpaMMu-
poBaHus B cucTeMax ¢ o01iel namsTeio: yueoHuk aist By3oB / K. B. Kopusikos
[u mp.] ; pen. B. II. I'eprens ; Huxeropoackuii rocyqapcTBEHHBIH YHUBEPCHU-
tet (Hwkuuit HoBropon). - 2-e u3n., ucnp. u ngoim. - M. : 3narensctBo Moc-
KoBcKoro yHuBepcuterta, 2010. - 271 c.

3amanue

PeanuzoBaTh cienyromue mapajlelbHble aJrOpPUTMBI: YMHOXKEHHE Mat-
puLL: nuHEiHoe, OnouHoe pa3buenue marpuu, anroputMbel @okca u KeHnona,
pElICHUEe CHUCTEM JIMHEHHBIX YpaBHEHUH, aJITOPUTMBI MApaLIENbHON COPTH-
POBKH.
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3 MeToamnyeckue ykaszaHusi AN opraHM3auum
camocTosfTenbHON paboTbl

3.1 O0ume mo10KeHUus

CamocrostenpHast paboTa CTY/IEHTOB PacCMaTPHBACTCS KaK BUJL JIESITEINb-
HOCTH, TTO3BOJISIOLIHH IieJIeHaNpaBiIeHHO (JOPMHUPOBATh U pa3BUBATh CaAMOCTO-
STEJBHOCTh CTYA€HTA KaK JINYHOCTHOE Ka4eCTBO MPH BBHIIOIHEHUHU Pa3IHUHBIX
BUJIOB 33J]aHUH ¥ IPOpabOTKE OMOTHUTEIHHOTO YIeOHOT0 MaTepHuana.

Henssmu camocTosTENNbHON pabOThl SBIAIOTCS CHUCTEMAaTU3alMs, PaclIu-
PEHHE U 3aKpeIUIeHHE TeOPETUIECKUX 3HAHUI.

CamocrosrenpHas padoTa CTyAeHTa o qucnuiuimHe «llapamienpHbie BBI-
YUCIICHHUS U CHCTEMBD) BKITFOYACT CIICITYIOIINE BUIBI AKTHBHOCTH:

1. U3yueHue TeM TEOPETUYECKOW YaCTH AMCLUILUIMHBI, BHIHECCHHBIX JIJIS
CaMOCTOSTENIFHON TPOPabOTKH.

2. TlomroroBka K MpaKTHYECKUM 3aHATHSM.

3. BrmonHeHWe HHANBUIYaTBHOTO (TBOpUeckoro) 3amanus (M3) mo ox-
HOU M3 IIPEIJI0KCHHBIX TEM.

4. TlomroroBka pedepara.

5. BrImonHeHNE HHANBUAYAIBHBIX 33 JaHHA.

6. IloaroToBka K TECTOBBEIM OIPOCAM.

KpurepusiMu oLleHKH BHEayIUTOPHOH CaMOCTOSATENBHON pabOTHI CTyIEH-
TOB MOTYT OBITh YPOBEHb Pa3BUTHUS JIOTHYECKOTO MBINIICHUS CTyJeHTa (Tuo-
KOCTb, PallMOHAIBHOCTh, OPUTHHAJIBHOCTh MBIIIICHUS); CHOPMHUPOBAHHOCTD
YMEHHI caM000pa30BaHUs CTyJeHTa (CIOCOOHOCTh HAXOAWTh, CUCTEMAaTH3U-
POBaTh M MPUMEHATH HHOOPMAIHIO U3 PA3TUYHBIX UCTOYHUKOB JUIS PELICHUS
MOCTAaBJICHHBIX 3a/1a4); CTEIICHh Pa3BUTHS KOMMYHUKATHBHBIX YMEHHU (yMme-

HHEC pa60TaTB B MaJIbIX I'pyIiax, BBICTylIaTb C Z[OKJ'IaI[OM); IpaMOTHOCTb B U3-
JIO’KCHHUU MaTepuaa, C(l)OpMI/IpOBaHHOCTB CaAMOKOHTPOJISI U CAMOOLICHKH.

3.2 U3yueHne TeM TEOPeTHIECKOH YaCTH AUCIHUAILINHBI, BHIHECEHHBIX IS
CaMOCTOSITEIbHOI MPOPadoTKH

M3ydeHne TeM TEeOpeTHMYeCKOW 4acTH Mpenrnojaraer U3yuyeHue TeM Juc-
[IUTUTMHBI, BHIHECEHHBIX IJISI CaMOCTOSTENbHON mpopaboTku. M3ydeHune Tem
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TEOPETUYECKON YACTH JUCLIMIUIMHBI, BEIHECEHHBIX ISl CAMOCTOSATEIBHOM 1po-
paboTku:

1. Cpencra pa3pabOTKH pacIpeaeieHHbIX BBIYHCICHHI C UCTIOIb30BaH -
€M NapajulesIbHOM BUpTyasbHOM Mamuubel PVM. Hcnonbs3oBanue ¢yHKumit
6ubmmorexku Pvmlib.

2. IIporoxon u 6ubmmorexkn MPI. CocraB (hyHKIMHA, THITBI JaHHBIX, Opra-
HHU3anus oOMeHa naHHbIMU. [Ipumep ucnonp3oBanus oudanorekn MPI. Cpena
BbInosiHeHus LAM.

3. PacmmpeHus CTaHAApTHBIX S3BIKOB MIPOTPAMMHPOBAHUS JUIS CO3MAHUS
napamensHeix nporpamm. CILK, mPC. [lomomHHUTEIRHBIE OMEpaTOPHI, HX
CHHTaKcHC U ceMaHTHKa. OCOOCHHOCTH peann3anuii U IPUMEpbl MPOrpaMMHU-
pOBaHHS.

4. Az3pik OCCAM, KOHCTPYKLIUU SI3bIKA, IOHSATUE MPOLIECCOB, KAHAJIOB.

5. YjaneHHbIe BBI30OBBI IIPOLENYP. BBICOKOYpOBHEBBI M HU3KOYpPOBHE-
BeIli uHTepQeiic nporpammupoBanus. XDR-npeoOpazoBanusi, ayreHTU(HKA-
IS, HIMPOKOBEIATeNbHBIN pexkuM. Mcnonp3oBanue TexHonoruit DCOM.

W3zyuas maTepuan o y4yeOHHKY, CIE€IyeT EPEXOIUTh K CIEAYIOMEMY BO-
MPOCY TOJBKO IIOCIIE TPABUIBHOTO TIOHUMAHUS TPEIBIIYIIETO, TPOM3BOAS Ha
Oymare Bce BBIYHMCICHHUS (B TOM YHCIE U T€, KOTOPbIE paju KPaTKOCTH OILyIle-
HBI B y4eOHHUKE) U BBIOJIHSS MMEIOLTecs B ydeOHUKE 3ajaHus U1 CaMoIIpo-
Bepku. Ocoboe BHUMaHHUE cleayeT o0pamaTh Ha ONpPEeesICHUEe OCHOBHBIX I10-
HiaTui. CTy/IeHT OJDKeH HOAPOOHO pa3dHupaTh NPUMEpHI, KOTOPBIE MOSCHSIOT
TaKye ONpeeNeHus, 1 YMETh CTPOUTh aHAJIOTHYHBIE IPUMEPHI CAMOCTOSATENb-
Ho. [lpu m3ydyeHNM MaTepuaia Mo y4eOHHKY ITOJIE3HO BECTH KOHCIIEKT, B KO-
TOPBI PEKOMEH/yeTCsl BIHCHIBATh OINpPEAETCHUs, (OPMYIHPOBKH TEOPEM,
(hopmyiibl, ypaBHEHHS | T. 1. Ha moisix KOHCIIEKTa clielyeT OTMeuaTb BOIpO-
CBI, BBIZIEJICHHBIC CTYJEHTOM JUISl TIOJIyYeHHMs! NMUCbMEHHOW WM YCTHOM KOH-
CYJbTalliy MPENoAaBaTeIs.

Yrenue yqe6Hm<a JOJDKHO COINPOBOXKAATHCA PEUHICHUEM 3ajad, U1 4€ro
PCKOMCHAYCTCA 3aBCCTU CIICHUAIBHYIO TETpalb. HpI/I peuIeHur 3aJ1a4 HYXKXHO
000CHOBATh Ka)KZ[BIﬁ oTall pCHICHUA HCXOAd U3 TCOPETUUYCCKUX IIOJIOKSHHM
Kypca. Ecmm CTYACHT BUJAUT HECKOJIBKO HyTCﬁ peuieHus, TO OH JOJDKCH CpaB-
HHUTb UX U BI:I6paTI> W3 HUX CaMbIit J'Iy‘lIHPIfI. Ilone3no J10 Hadajia BBIYHCIICHUN
COCTaBUTb KpaTKI/Iﬁ TJIaH pEeHICHU.
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33 IloaroroBka K MNPAKTHY€CKHUM 3aHATUAM

HpaKTI/I‘IeCKI/Ie 3aJaHus NpE€AHA3HAYCHbI 1JId Bepmbnxaunn TMOJTYYCHHBIX
3HAHUM U 3aKpPCIUICHUA TeOpeTI/IquKOI;’I YacTH JUCHUIIIINHEI.

Ha mnpaxTuueckux 3aHATHSIX IOAPOOHO pPAacCMATPUBAIOTCS OCHOBHBIC
BOIIPOCHI AWCHUIUIMHBL, Pa3OMparoTcsi OCHOBHBIC THIBI 3anad. K mpaxtnde-
CKOMY 3aHATHIO CIECAYET 3apaHee IOBTOPUTH JIEKLIMOHHBIM MaTepual K cle-
nytomeil Teme. CrcreMaTHYecKOe BBITIOJIHEHHE JOMAIIHUX 3aJaHuil 00si3a-
TEJIBHO U SIBJISIETCSI BAYKHBIM (haKTOPOM, CIIOCOOCTBYIOIIUM YCIEIIHOMY YCBO-
€HUIO AMCLUILIUHBL. IIpOMEXyTOUHBIM KOHTPOJIb IPOBOJAUTCS B BHUIE KOH-
TPOJIBHBIX pabOT M TECTOBBIX OMPOCOB. Ha Ka)KIOM NMpakTUUECKOM 3aHSATHU
MPOBOJAUTCS JIMOO YCTHBIN, JTMOO TECTOBBIA ONpPOC IO MPOWICHHBIM TEMaM,
KOTOPBIE MO3BOJIAT ONPEACIUTh YPOBEHb MOJTOTOBKH U CTENIEHb TOTOBHOCTH K
BBITIOJTHEHHUIO KOHTPOJIBHON pabOThI 1O TaHHOW AUCIUTUIHHE.

3.4 BeinoJiHeHHe MHAUBUIYAJBHOIO (TBOpYeckoro) 3ananus (M3)

B pamkax BBINOJIHEHUS UHAUBHIYAIbLHOTO (TBOpUecKoro) 3ananust (M3)
HEOOXO0MMO TIOATOTOBUTh 7 MUHYTHBIHN TOKJIA]], PACKPBIBAIOIIUI OTHY M3 TEM
B paMKax JUCIHILTHHBI.

BapI/IaHT WHAWBUAYAJIbHOTO 3aJaHUs OHNPEACIACTCA MNPEIroJaBaTcjicM B
WHAUBUAYAJTIbHOM MOPAAKE, OCHOBLIBASICH HA YPOBECHDL 3HAHWUH U CTYACHTA.

Joxkam — 3To caMocTosITeNIbHast paboTa, aHAM3UPYIoIas U 0000MIaoIas
myOaMKaIMy 10 3aJaHHON TeMaTHKe, Mperoarampmas BepaboTKy 1 000CHO-
BaHUC CO6CTBeHHOfI MO3UIUN AOKJIaJYUKa B OTHOIICHUH paCCMaTpHUBACMbIX
BOIIPOCOB.

OCHOBHBIM COZIEpKAHUEM JIOKJIA/Ia MOXKET OBITH ONMCAHUE COCTOSHHUS A€
B KaKOH-TM00 HayYHOH WM MPAaKTHYECKOH cdepe; aBTOPCKUI B3I HA CUTY-
aIMIo WM po0JIeMy, aHAJIU3 U BO3MOXKHBIE ITyTH PEIICHUS TPOOIEeMBI.

[Tpn nmoaroToBke K IOKiIaxy HEOOXOIMMO HMOATOTOBUTH IIAH BBICTYILIE-
HUS, BBICTPOHUTH JIOKJIAJ] B KPaTKOW JJAKOHWYHOH (opMme, Hocie10BaTeNbHO, C
COOJIIO/ICHUEM JIOTHYECKUX CBSI30K MEX1y (hparMeHTaMH BHICTYyIUICHHs. Pedn
JIOJDKHA OBITH TPAMOTHOM M BHATHOM. JKenaresbHO 10 BpeMsl BHICTYIUICHHS He
yuTaTh Bech TeKcT. ClieyeT npoayMarh B3aUMOCBS3b BBICTYIUICHHUS C TIOKa-
30M JEMOHCTPAIlMOHHBIX MarepuanoB. Pabora cTyneHTa Haja JIOKJIaJOM-
Mpe3eHTalreH BKII0YaeT OTPa0OTKy YMEHHS CaMOCTOATENBHO 0000maTh Ma-
TEpUaAJI U ACJIaTh BBIBOABI B 3aKJIIOYCHUHN, YMEHUA OPUCHTHUPOBATLCA B MaTEC-
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puane ¥ OTBEYaTh Ha JOMOJHUTEIBHBIE BOIPOCHI CIyIIATeNeH, OTPabOTKY
HaBBIKOB OPAaTOPCTBA, YMEHHUS POBOJHUTH JUCITYT.

JloKnagyuKu JOJDKHBI 3HaTh M YMETh: cOOOIIATh HOBYIO MH(OpManuio;
UCIIOJIb30BaTh TEXHUUECKUE CPEJCTBA; XOPOILIO OPUEHTHPOBATLCS B TEME BCe-
IO CEMHUHAPCKOTO 3aHSTHS; AUCKYTHPOBATh U OBICTPO OTBEYATh HA 3a/IaHHBIC
BOIIPOCHI; YETKO BBINOJHSITh YCTAaHOBJICHHBIN peryiaMeHT (He Oonee 7 MUHYT);
UMETh IPEACTABICHHE 0 KOMITO3UIIMOHHOM CTPYKTYpe JOKIana.

3.5 MoaroroBka pedepara

IMoxroToBka pedepara Mo OHOMN U3 TEM:
- ApXUTEKTYphI rpad HIECKUX MPOIIECCOPOB HECKOIBKUX MOKOJICHUH.

- COBMECTHOE HCIIOJIb30BAHHE TEXHOJOTHI nepeaadun COO6H.[€HPII>1 u MO-
JACTIN pa3z[enﬂeM01‘/'I IIaMsATH.

- Texnonoruu ucnonp3oBanus conporeccopoB Intel Xeon Phi

- TexHoj0run 00JIAYHBIX CCPBUCOB NIPU MPEAOCTABIICHUH YCIYI' BBICOKO-
MNPpOU3BOAUTCIIBHBIX BBIYHCIICHUM.

Pexomennyemsiii 00peM pedepara e O6omnee 20 crpanun. CTpykTypa pe-
(hepata 10mKHA BKIIFOYATB!

- TUTYJIbHBII JIUCT;

- COJICpIKaHue;

- BBEJICHHE;

- OCHOBHYIO 4acCTh;

- 3aKJIOYCHUE;

- CIIMCOK UCIIOJIb30BAHHBIX UCTOYHHKOB,;

- IpUJIOKEHUS (TIPH HEOOXOAUMOCTH).

Pedepar odopmisiercs corimacao OC TYCYP 01-2013

3.6 IToaroroBKa K TECTOBBLIM ompocam

TectoBbIie OIIPOCHI MMPOBOAUTHCA MO TEMaM, MaT€pUal KOTOPBIX YHUTAJICA
JICKTOPOM Ha NPEAbIAYIIEM 3aHATHH. B paMKax IIOATOTOBKHU K TECTOBBIM
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OIpocaM PEKOMEHAYETCS II0JIb30BAThCA JOMOJIHUTEIBHO JIUTEPATYpOH IO
KypCY, PEKOMEHAYEMOH JIEKTOPOM.

IIpumepsl BONIPOCOB:

1. Kakoit MUHUMAaNBHEIN HAOOP CPENCTB SBIACTCS JAOCTaTOYHBIM IUIL Op-
TaHU3AIMHU [apauIeIbHBIX BEIYMCICHUH B CHCTEMAxX C PACIpECICHHON maMsi-
ThIO?

2. B 4eM cOCTOHT Ba)KHOCTh CTAaHIAPTU3ALMHK CPEICTB Iepeaadu coolue-
HUH?

3. Uro cneayeTr MOHUMATH 101 TapajlIeIbHON IPOrpaMMOii?

4. B yem paznuuune OHIATHHI Tpoliecca U mpoueccopa?

5. Kako#t MmuauManbHblii Habop ¢yakuuit MPI no3Bonsier Hayath paspa-
60TKy mapaienbHbIX IporpaMm?

6. Kax onpenenuts Bpems BoinonaeHuss MPI nporpammer?
7. Kakue pexxumMbl iepeaun JaHHbIX oAaepxuBaroTcst B MP1?

8. Kakue ¢akTopbl Hy)KHO YYUTHIBATH MPH OLIEHKE IPOU3BOIUTEILHOCTH
BBIUUCITUTENBHON cucTeMbl? Kakue METOAMKM OLIEHKH MPOU3BOIUTENBHOCTU
BBIUHCIIUTENIBHBIX CUCTEM BBI 3HaeTe?

9. Uro Takoe cTeNneHb Napajulen3Ma BEIYHCIUTEILHOTO allrOpuT™Ma?

10. YTo Takoe yCKOpeHue napajuieabHOro aaropurma?

11. JIng 9ero ucrosib3yroTcst 6JI04YHBIE MATPUYHBIE aJITOPUTMBI?

12. Yro takoe 3¢)()eKTHBHOCTH MapajuIeIEHOTO aIrOpATMA?

13. IIpuBenute GopMyIHPOBKY 3aKOHA AMIAS.

14. Bo ckosibKO pa3 HYXHO yCKOpUTh 90% mporpamMMel, YTOOBI YCKOPHUTh
BCIO IIPOTpaMMy B 5 pas?

15. Yro Takoe CUHXpOHHU3aLKUs U AJIsl 4Yero oHa Hy>XHa?

16. KakoBbl 06s1acTH IpUMEHEHHUs, TPEUMYIIECTBA U HETOCTaTKU TEXHO-
norun OpenMP?

17. KakoBbl 00nacT MpUMEHEHUS, MPEUMYIIECTBA W HEIOCTATKH OHO-
yroteku MPI?

18. Uem ommmuaroTrcs OJOKMpYMOLUIME W HEOJOKMPYIOUIME ONepanud B
MPI?

OneHKHM W 3aMedYaHMsl K BBIIOJHEHHBIM paboTaM IO3BOJSIOT CTYICHTY
CYAMTb O CTETIEHH YCBOEHHS MM COOTBETCTBYIOIUIErO pasjeiia Kypca; yKa3bl-
BAlOT Ha MMEIOIUECS] y HETO MpOOeIbl, Ha KEJIaTeIbHOC HAIPaBICHUE NaNlb-
HeHme padoThl; TOMOTaoT C(OPMYIHPOBATh BOTPOCHI IS MOCTAHOBKH HX
nepes npenoaasareneM. He cieayeT mpucTynath K BBINOJHEHHIO KOHTPOJIb-
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HOI'0 3aJaHusl, HE PEIIMB JOCTATOYHOI'0 KOJIMYECTBA 3a4a4 10 MaTe€puaily, Co-
OTBETCTBYIOIIEMY 3TOMY 3aJaHHUIO. OneIT ITOKa3bIBACT, YTO 4Yallc BCETO HE-
YMEHHUE PEIINUTH Ty WA HHYIO 3a7a9y KOHTPOJIBHOTO 3aJaHWSA BBI3BIBACTCS
TEM, YTO CTYHACHT HE BBIIIOJIHUI 3TO TpC6OBaHI/Ie.

KoHTponbHbIe paboThl JOIKHBI BHIMOIHATHCS camocTosTensHo. Hecamo-
CTOSITENBHO BBIMOJIHEHHAs! paboTa He 1aeT BO3MOKHOCTH PEIOIaBaTeNI0 yKa-
3aTh CTYACHTY Ha HEJOCTaTKH B €ro paboTe, B YCBOCHHH MM y4eOHOTO MaTe-
puana, B pe3ynpTaTe 4ero CTYACHT HE NMPHOOpETaeT HeOOXOOUMBIX 3HAHUN U
MOXET OKa3aThCsl HETIOATOTOBJICHHBIM K 9K3aMeHY (3a4eTy).
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4 OcHOBHas U gononHUTeNnbLHas nuTepartypa

Ocnognas numepamypa:

1. Teprens B.II. CoBpeMeHHbIC A3BIKH M TEXHOJOTHWH MapaieIbHOTO
OpOrpaMMHUPOBaHUS: yYEOHUK IS By30B. — M.: M31-B0 MOCKOBCKOTO YH-Ta,
2012. — 408 c. B oubmnorexe TYCVYPa: 30 ox3. 2. Tanenbaym 3. Kommbro-
TEpHBIC ceTH: Hayd. m3nanue / O. Tanenbaywm, J[. Vazepomt; nep. ¢ aHri. — 5-¢
nm3g. — CII6.: IIMTEP, 2013. — 960 c. B 6utmmorexke TYCVYPa: 15 ok3.

Hononnumenvnas numepamypa:

1. T'eprens B.I1. Beicokonpou3BOUTEIbHBIE BEIYUCICHUS AJI1 MHOTOIIPO-
LIECCOPHBIX MHOTOSIEPHBIX CHUCTEM: y4eOHHK i By30B. — M.: M3x-Bo Moc-
KOBCKoro yH-Ta, 2010. — 544 c. B 6ubnmoreke TYCVYPa: 23 k3.

2. BoeBonuH B.B. BrruncnutensHass MateMaTHKa M CTPYKTypa ajlrOpUT-
MOB. 10 nekmuii 0 ToM, Mo4yeMy TPYAHO PeLIaTh 3aaydl Ha BBIYMCIMTENbHBIX
cucTeMax NapaJUIeSIbHON apXUTEKTyphl M YTO HAJ0 3HATh JOIOJIHUTENBHO,
4TOOBl YCHEUIHO INPEOJI0JEeBaTh 3TH TPYAHOCTH: y4eOHHK JUis BY30B. — 2-€
u3a., ctep. - M.: M3a-Bo MockoBckoro yH-Ta, 2010. — 168 ¢. B 6ubnuoreke
TYCVYPa: 26 3k3.

37



