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1. HEJIA OCBOEHHUA TUCHUTLINHBI
[TorpeOBOCTE peIIeHUS CIOXKHBIX MPUKIAIHBIX 337124 ¢ GOJIBIINAM 06HEMOM BEIMHUCIICHUI
M NPUHIUNHATIbHAS OIPAaHHYEHHOCTE MAaKCHUMAIBHOTO OBICTpOjeicTBHS "KIacCHYecKuX" - 1o
cxeme ¢on Helimana - 9BM npuBenn K IOSBICHA MHOTOIPOIECCOPHBIX BEIYHCIIMTEIBHBIX
cucrem (MBC). Hcnons3oBaHue TakWX CPEACTB BEMUCIHTENBHON TEXHHKH ITO3BOJISET
CYHICCTBCHHO YBEIUYHMBATH MPOM3BOAUTENBHOCTE OBM mpu mroboM CymiecTByIOmEeM ypoBHE
PasBUTHA KOMIIBIOTEPHOro obopyzaoBanus. IIpu stoM, ofHaKo, HeoOXomuMoO "HmapamiensHoe"
0000mmerne TPaJUIHOHHON - II0CIE0BATEIFHOM - TEXHOJIOTHH peluenus 3aga4d Ha OBM. Tax,
YHCIICHHBIE METO/IBI B ciiydae MBC I0/KHBI IPOEKTHPOBATECS KAK CHCTEMBI MAPAIIENBHEIX U
B3aMMOJEHCTBYIOLIMX MEXIY co00il Mpomeccos, JOMyCKAIOMMX HCIONHEHHAE Ha HE3aBHCHMEBIX
npoueccopax. IIpumeHsgeMble anropuTMHUECKHE S3BIKA M CHCTEMHOE MPOrpaMMHOE
ofecrieueHne JOKHEI OOGecledrBaTh CO3JaHHe NAPALIENBHBIX IIPOrpPaMM, OPraHW30BHIBATH
CHUHXPOHU3AIUIO ¥ B3aHMOHCKIIIOUEHNE ACHHXPOHHEIX IPOLIECCOB M T.IL
IlpenmeToM paccMOTpeHMs HACTOSIIETO Kypca W SABJISETCS M3y9eHHE IIEPEUHCICHHOIO
Kpyra BompocoB. Lleab Kypca COCTOMT B M3IIOXKEHMHM MATEMATHUYECKHX MOJENIEH W METOHOB
NapajuIeIbHOrO  IPOTPaMMHPOBAHHs JUIS MHOTOIIPOIICCCOPHBIX BBIYMCIMTENBHEIX CHCTEM, a
TaKXe NPAKTHIECKOE OCBOCHUE NIPUEMOB B TEXHHK Pa3pabOTKH NapaliebHBIX IPOrPaMM.

2. MECTO JUCIIUIIJINHBI B CTPYKTYPE OIIOII BO

Hucimmmana «[lapamnensHoe IporpaMMEpOBaHHE» HAXOAMTCS B BapHATHBHON YacTH
OCHOBHOW ITPOQeCCHOHATBEHON 06pa30BaTeNbHOM MPOrpaMMEL H OTHOCHTCS K JUCLHUILIHHAM IO
BHIOODY.

JMcuunMHa  JIOTHYECKH M COAEPXKATENBHO-METOJMYECKH CBS3aHA C  PSIAOM
TCOPCTUMECKUX JUCIMIIIMH M NPaKTHK MPEAIIECTBYIONET0 Ieprota obydeHns (ApxuTekTypa
KOMITBIOTEPOB, AJITOPUTMBI M aHAIH3 CIOXHOCTH, SI3BIKM W METOABI MPOrPaMMHpPOBAHHS,
CucreMHoe B NIpUKIagHOE HporpaMmHoe obecnedernre, OnepaMoHHble cHcTeMbl, OGHEKTHO-
OPHEHTHPOBAHHOE [IPOrPaMMHpPOBaHKE). s yCIeTHOr0 OCBOEHHS Kypca CTYAEHTHI HOIDKHBL:
3HaTh YCTPOWCTBO M HPMHIMIBI QYHKIHMOHHpPOBaHHs DBM, uMeTh IpesacTaBieHne o 6a30BBIX
alllOPUTMaX U CTPYKTYpaxX JaHHBIX, YMETh IPHMEHSTH S3BIKH MPOTPAMMUPOBAHHS BHICOKOTO
YPOBHSL.

Jucuumnvia  QOpMHEpYeT 3HAHMS WM HaBBIKH, HEOOXOIUMBIE B IIPAKTHYECKOM
JEeATeIPHOCTH KBATU(UIHNPOBAHHOTO CHEINANNCTA, H3y9aeTcsl B KOHIE TEOPETHIECKOTO Kypea.
B pamxax yueGHOro mporecca OHE MOTYT OBITH MCIOJIB30BAHBI IIPH MOATOTOBKE BHIIYCKHOM
KBaM(UKAIMOHHON paGoTHL.

3. KOMIIETEHIIMHM OBYYAIOIIEIOCS, ®OPMUPYEMBIE
B PE3YJIbTATE OCBOEHUS IUCITUILIHHBI (MO YJIST)
B pesymbrare OCBOCHHS JMCUMIUIHHEL OOYYaIOI(uiics MOKEH JeMOHCTPHPOBATH
CHEAYIOLTHE KOMICTCHIIHNN:
® CII0COOHOCTH MCIONB30BAaTh 0a30BBIE 3HAHHS ECTECTBEHHBIX HAYK, MAaTEMATHKH W
MHQOPMATHKH, OCHOBHEIE (haKThl, KOHIENIHH, IPHHIUIE TEOPUH, CBA3AHHBIX ¢ IPHKIAIHOM
MaTeMaTdKol u nHpopmarukoii (OI1K-1);
® CII0COOHOCTh K pa3paboTKe AITOPHTMUYECKHX M MPOTPAMMHBIX PEIICHHH B 001acTH
CHCTEMHOI0 W IIPHKJIAJHOIO IIPOrpaMMHUPOBAHUS, MATEMAaTHYECKHX, HH(POPMAIMOHHEIX |
MMHTAIMOHHBIX MOJENCH, CO3/aHii0 HHGOPMAIMOHHBIX pECYpPCOB IIOOAIBHBIX —CeTel,



00pa3soBaTeNbHOrO KOHTEHTA, HPHKIAIHBIX 0a3 JaHHBIX, TECTOB M CPEJCTB TECTHPOBAHHS
CHCTEM H CPEICTB Ha COOTBETCTBUE CTAHAAPTaM M UCXOAHBIM TpeboBanusaM (OITK-3);

® CmOCOOHOCTE K pa3pabOTKe M MPAMEHEHHUIO AITOPUTMHYECKHUX U IIPOTPAMMHEIX PEINeHHH
B 00J1aCTH CHCTEMHOTO H IIPHKIAAHOI0 IporpaMmuoro obecreuenus (11K-7).

B pesymbrare ocBocHHS JMCHHMIUIMHEL OOYYarOIMIICS MOIDKEH JEMOHCTPHPOBATEH
CIeAyIOIHeE pPe3ynbTaThl 00pa3oBaHu:

1. 3HaTh: xIaccHUKANKIO pACIpPENENCHHBIX BBUHCINTEIBHBIX
TOBEIIIEHUS. IIPOU3BOAUTENHHOCTH BBIYHCIUTEIBHEIX CHCTEM, IIOAXOJBI
NapajIeIbHBIX AJITOPUTMOB;

2. VmeTh: caMOCTOSTENHHO M3BIEKATh IOJIE3HYIO HAYYHO-TEXHHUIECKYIO HH(POPMAIIIO H3
PazIMUHBIX ~ HUCTOYHHKOB, IPHUMEHATH HM3ydYCHHBIE METOABI IIPH  MPOEKTUPOBAHHM
pacIpeieieHHBIX alTOPUTMOB;

3. Baagers: HABBIKAMHE HMCIIONB30BAHHS COBPEMEHHEBIX CPEICTE PEIIECHHUS BEUHCIUTEILHbBIX

CHCTEM,
K TIOCTPOEHHIO

METOJEI

3aaa4 1Ji1 CHCTEM C pacnpeneneHHoﬁ [IaMATBIO.

OO6mas Tpy10eMKOCTh JUCIUILIHHEI COCTABIIAET 6 3a4eTHEIE eHHUIEL 216 uacos.

4. CTPYKTYPA U COAEP)KAHUE JUCHAILIMHLI (MOYJIST)
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JIEKIIUN

1. Iean 1 329 BBeJeHAS! MAPALTETLHO 06paboTKI AAHHBIX

1.1. Heo6xomumocTs

OrpaHuyeHHE MaKCHMAIBHOM IIPOM3BOJUTENIBHOCTH  OJHOIPOLECCOPHBIX  OBM.
Iocrosnnas HEOGXOMMMOCTB pemeHHs 3ajay, [IPEBBIIAIOIIMX BO3MOXHOCTH COBPEMEHHEIX
9BM (mpobnemsr "Gonbmoro Bei3oBa"). Heo6X0muMoCTh KOJIEKTHBHOTO pexXuma perneHus
3a1ad. ABTOMATH3alUs YIPABIECHHUS PACHPENENEHHBIX TEXHHYECKHAX CHCTEM. TeXHHUECKHe
TpeGOBaHNS [0 CHIXKEHHUIO CTOMMOCTH ¥ IIOBBILICHHIO HANIEKHOCTH.

1.2. UcTopust BBeIeHHs Mapa/LIeTH3Ma

iNIAC, IBM-701, 704, 709, ATLAS, CDC 6600, 7600, ILLIAC IV, Cray-1, Dnn6pyec.

1.3. Pasiiuune MHOr03aAa49HbIX, MAPAJLIEIbHBIX U pacnpeae/IeHHbIX BLIYHCIEHHIT

1.4. IIpo6aembl HenmoIb30BaHHSA HAPAJLTeIA3MA

CymecTBoBaHHe IOC/ICAOBATENBHEIX  ANTOPHTMOB (3akoH Awmpans). IlosemucHue
IIPONSBOUTENBEHOCTH  TIOCIEIOBATENILHBIX  KOMIBIOTEPOB  (3akoH Mypa). Ilotepun Ha
B3aUMOJCHCTBHE M Mepenady JaHHBIX (THIOTE3a MmuHckoro). Bricokas cromMocTh
apaleNbHEIX CHCTEM (3aKkoH I'poma). "[locexoBarensHocTs" CYIICCTBYIOINUX AITOPUTMOB H
[IPOTPaMMHOTO 0becleUeH s, 3aBUCHMOCTD 3(b(EKTUBHOCTH TapaiebHBIX BEMHCICHHH OT
ydera ocobeHHOCTeH anmapatypsl. CIIOXKHOCTh pa3paGoOTKH MapayIENbHBIX aNTOPHUTMOB.
TpynoeMkocTs MPOBEPKHU MPABMIIBHOCTH MAPaJIEIBHEIX IIpOrpaMM.

2. IIpMAIHMNEBI MOCTPOECHUS NAPAJLIETbHEIX BHIYHCAHTEILHBIX CHCTEM

2.1. Iyt JocTHXEHHUS MAPAJIETH3MA

OyHKIMOHANTEHBIE BBEMHCIHTENBHEIE YCTPOHCTEA. MmnoroypoBHeBas # MOIyIBHAS
namarb.  KoHBelepHERIE W BEKTOpHBIE  BBRIYHCIICHHS. ITponeccopHble  MaTpHIEL
MHOTOIPOIECCOPHBIEC BBEMUCIUTENRHBIE CHCTEMBI ¢ OOmed u pPacpeneIeHHON [aMATBIO
(MyJIbTHIIPOLIECCOPEI X MYIBTHKOMITBLIOTEPEL). MukpomnporieccopHblie CHCTEMEL

2.2. Criocofb1 MOCTPOCHHS MHOTOHPOLIECCOPHBIX BHIYHCANTETLHBIX CHCTEM

CxeMBl KOMMyTamuu (HojHAs KOMMYTamus - o6mas NaMATh, NEPEKPECTHHIE
KOMMYT&TOPEIL, JIOKaJIBHBIE CXEMBI KOMMYTALlUH - 00IIad INMHHA, PELIeTKH, KIacTeprr). AHamms
apajlICIbHBIX aJIFOPUTMOB M THIIOBBIC TOIOJNOTHM CXEM KOMMYTAUMH — KOJBIO, JMHEHKa,
PeIIETKY, MOMHEIA rpad, runepky6, Top, AepeBo. AnmapaTHas peanu3amys IIpOTpaMMHas
SMYIALAS TOTIOJIOTHA,

2.3. Buapl mapauieJbHBIX BLIMHCIHTENbHBIX CHCTEM

“ynepOBM. MHoronponeccopubie  BEIMHCIHTENBHBIE  KOMIIECKCHI (MBCQ).
MHoroMaImmHHbIE BEMUCIHTENBbHBIE KoMILIeKCehl. Cetr DBM.

IlpuMepBI COBPEMEHHEIX BBICOKOMPOH3BONHTEIBHEIX BEHHCIUTEIHHEX CHCTEM (Cray
T932, IBM SP2, HP Exemplar, ASCI RED). CynepKOMITBIOTEPHBIE BLMUCIUTEILHbIE CHCTEME]
B Poccum.

2.4. Kinaccnpukanus MBC

Cucremarukn @Omuana u Ilopa. IToTokn naHHBIX (komany). CTpyKTypHas HOTaIms
XoxHu 1 J[xecxoymna.

2.5. Ouenka npoussogurteasnoctd MBC

Obiuee BRIpa’KEHHE JUIS OLEHKH NPOM3BOAUTENBHOCTH IS pasHoro Ttunma MBC.
MaxcumanbHas — (MMKOBasg) — OPOM3BOIUTENHHOCTE.  CTEICHD nmapamienusma  (JIHHA
IIOMYIIPOM3BOUTENIHOCTH). Y AeTIbHAs TIPOM3BOAUTENLHOCTD, SHAUCHHUS TIOKA3aTeNel ms psana
MBC.

3. MopenupoBaHHe U AHAJN3 NAPAJIEILHBIX BBIYHC/ICHHI



3.1. Moaeau napajtebHBIX BEIYMCIATEIBHBIX CHCTEM

KoMmmeioTep ¢ HEOrpaHHYEHHBIM MAPALIETH3MOM (mapakommetotep). Mogenn
MHOT'OIIPONIECCOPHBIX CHCTeM C OOWeH M pacnpemeleHHON HmaMaThio. MoJens KOHBeHepHOM
CHCTEMBL

3.2. Mopean anropurtma B Bijie rpada "onepany - onepanuu"

IIpencrasnenne anropurMa B Bujie rpada MOTOKA JAHHBIX. Pacmucanue [IapaLIEITEHBIX
BBIYMCICHNH. [lokasaTens BpeMeHHOH cloxHOCTH anroputa. OLEHKAa BPEMEHH BHIIOJHEHMHS
IrOpUTMa JUI [IAPaKOMIBIOTEPa (IpeieNbHOe pacapalie/IMBaHHe) U AT CHCTEM ¢ KOHEUHBIM
KOJIMYECTBOM IIPOIIECCOPOB. 3aBHCHMOCTL OLEHOK OT TONOJOIMH Ipada airoput™Ma u
HeOOXO0JIAMOCTE  ONTHMH3AIUK  CTPYKTYphl rpada. CIocoGEHI IIOJIYYCHHS. ONTHMAJIBHOIrO
PacluCaHusl BHIYHCICHHM.

3.3. Moaeab mapa/LiebHLIX BHIMHCICHUI B BUIE CeTH Ilerpn

OcHoBHBIE NOHSTHS Teopun cerelt Iletpu. Mcmons3oBanue cetei Ilerpu nns onucanus
[apajuIeNbHBIX BRIYUCICHUMA. J[EMOHCTpanus OCHOBHEIX MPOGJIeM MapaielbHBIX BEIYUCITEHIN:
CHHXPOHH3AINS, B3aUMOUCKIIIOUEHNE, GIIOKHPOBKA (TYIHKH).

3.4. Moaesb napaiesbHbIX BRIMHCICHHH B B rpada "mponecc-pecypce"

[lomste mponecca. CHHXPOHM3AIMS NapAUIENBHBIX IPOIECCOB. AIMIApaT COOBITHL.
IIpumMep peanm3anuu B oneparmoHHo cucreme Unix.

Bsanvonckmouenre mapamnensHsIX npolieccoB. Kommemums pecypea. MexaHH3MED
B3aMMOKCKIIOUCHUA: anroput™ [lekkepa, cemadopnr (Jetixcrpa), MoHuTOps! (Bupt). ITpuMeps!
PCIICHUA CTAaHNAPTHLIX 3aiad B3aHMOMCKIIIOUEHHS: KOJBIEBOH Gydep, mpobieMa "durarenn u
nucarenn".

BsauMonelicTBue mapajUIeNBHBIX IIPONECCOB ITOCPENCTBOM MEXAHH3MA nepegayu
coobimennii. Mexanu3Mbl Iepeiadi: o4epe/y, OYTOBIE SIIHKH, TOPTEL IIpunnun pangeBy B
si3pIkax Ama u OKKAM.

[Ipobmemsr  B3auMmopeiicTBus mpomeccoB. IloHsTHE TYIHKa ¥ YCJIOBHA €I0
BO3HUKROBeHHS. IIpenorBpaimenne Tynmukos. AnroputM Gamkupa. OGHApYXKEHHE TYIHKOB H
BOCCT@HOBJICHHUE COCTOSIHHS IIPOIIECCOB.

MHorosanaunsii pexum pa6orsl 9BM kak yacTHBI cilydail mapalIeabHOMN 00paboTKw.

4. IIprHIMNLI pa3paboTKy NapaVIebHBIX AITOPATMOB H MPOrPaMM

4.1. Onenka 3¢ dpekTHBHOCTH MAPAIETLHBIX BHIYUC/ICHHI

Iloka3aremns sdpdexra pacnapaineluBaHus (yckopenmue). O¢dexTrBHOCT
UCIIOJIb30BAHUA BBIYMCIUTEIIPHOH CHCTEMBL. CrocoObI OLEHKHM IIoKasareneit. OCHOBHEIE
XapakTCPACTUKA  BEIMHCIUTENBHOH CHCTEMBI, BJIHAIONIHE HA BENMYUHBEI YCKOPEHHS U
s dexTrBHOCTH (apXHTEKTypa, KOJNMYECTBO IIPOIECCOPOB, TOIOJIOTHS KAHATOB nepeaadn
JaHHBIX),

4.2. OneHKa KOMMYHHKAIIHOHHON TPYX0EMKOCTH NAPAJLIETLHBIX AJOPHTMOB

XapaKTePUCTUKH TOTONOTHHA CETH Iepeladd JAHHBIX. ANTOPHTMBI MApIIPYTH3ALMH.
Merone! nepenaun qaHuBIX.

AHaU3 TPYAOEMKOCTH OCHOBHBIX ONEpaluii Mepelaud JaHHEIX. [lepenaua JaHHBIX
MeXNy AByMa Ipoueccopamu cetd. OIMHOYHAT M MHOXXECTBEHHAs pPACCHUIKA COOGLICHHIA,
Onepanyis TUKIHYECKOrO CABUTA.

MeTOABl  JIOTHYECKOrO IPEACTaBICHHs TOTONOTHE KOMMYHHKAIHOHHOMN CpPEIBL
Oro6paskenre KoJblIeBO TOOIOTHH U TOIONOTHY PEIIETKH Ha THIIEPKYO.

4.3. YpoBHM pacnapa/uieJMBaHHsA BbITHCTICHHI



PacnapannemiBanne BbraucieHuit Ha YPOBHE KOMaHJ, BBLIPOXCHHH, NPOrpaMMHBIX
MOJyJieH, OTAENBHO BHITOIHAEMBIX 3aJaHHI,

4.4. ITanBI OCTPOECHAS MAPAIEIBHBIX AJrOPHTMOB H IPOrpaMm

BeiGop mapamnensroro amroput™a. Peaymsamus QI'OPUTMa B BHJAC MNapalIEIbHOM
nporpammsl.  1locTpoenue ucmonnsiemolt mporpamMmbr s NapauIeIbHOR  BBIYHUCIMTENBHOM
cucTeMEl. IlapamnensHoe MCIONHEHHe MAITUHHOM IPOrpaMMEL. JacTHEIE OCTAHOBKH: BRIGOP
ONTHMATLHOTO  A'OPUTMA JUIS  KOHKPETHOM BBIYMCIMTENBHOM CHCTEMBI, HAXOMKICHHE
HauNy4INed TOIOJOTHM BHIYHCIHTEILHOR CHCTEMBI IS pCIICHUs OIpeNeNcHHON 3a1a4u,
pacnapaienuBaHue CYIECTBYIOMEr0 aIrOpUTMA.

4.5. TexHoIOrHYeCKHE ACTIEKTHI pacnapaJuieIMBaHus

JIeKOMIosuIMs anroput™Ma Ha MAPALIENBHO HCIONHSIEMEIE (parMeHTHl BEIUMCIICHHUIT,
Pacnpegenenne samammit  mo npoueccopaM u  GanmancmpoBka. CHHXpoHM3amust u
B3aMMOHCKIIOUeHHe. Opranusanms B3anMOeHCTBIS.

3. CucTeMbl paspaGoTKu NapajLIe bHBIX NporpamMm

S.1. CosnaHne cnequaIH3NPOBAHHDLIX SI3LIKOB NpOrpaMMHPOBAHHSI

Anroputmmraeckuii szeik OKKAM. O6mas XapakTEepUCTHKA TpaHCHbIoTepa. KoHnems
nporiecca B OKKAM. Metonsr koHCTpyHpoBanus arperupoBaHHBIX IpoNeccoB. IIpuHIMIE!
ICpCAavid MaHHBIX MexXAy mnpoueccamu. Ilpumep mporpamm Ha ITOPUTMHUYECKOM SA3BIKE
OKKAM.

3.2, Pacmuupenye cymecTBYIOIIMX A3LIKOB NMpOrpaMMHpPOBAHUA

Ofwas  XapaKTepHCTHKa TapaIeNbHBIX PacCIlUpeHHH aJITOPUTMHYECKOTO  S3BIKA
QopTpat.  ABTOMATHYeCKas  BEKTOPH3AMS U pacnapaitenmuBanue.  [IpoGiemHO-
OPHEHTHPOBAHHEIE KOMITHIISTOPEL

Obwas xapakTepucruka crampapra OpenMP. Cosnanve mnapamiensHbBIX 06acTeil.
PasjeneHue  BEIYHCIHTENLHOMN Harpyskd  Mexnmy 1moTrokamMu. Pabora ¢  jganHbIMHE.
Cunxpormsanus. OYHKIHE ¥ IIepeMeHHBIC OKpyXeHHUs. CpaBHUTENBHAS XapaKTEPHCTHKA
IIOAX0A0B MAapajlIeIbHOTO IIPOIPAaMMHPOBAHMS [UIS CHCTEM C pacnpesencHHoit U obueit
IIaMSITBHD,

5.3. PazpaboTka crienqnaausnpoBanHbIX GHGIHOTEK

Cucrema PVM. Konnemnus Napayie/IbHON BUPTYaNbHON BEIMHCIHTEILHOM MAIIHHEL 1
€€ IPEACTABIICHIE B BUJE PACIPENCISHHON HEOMHOPOJHOH CHCTEMEI KOMIBIOTEPOB.

IlpencraBnenue mnporpaMMHON cuCTeMBI Ha BUPTyanbHOH Mamuae. OCHOBHBIE
IIpOrpaMMHBIC IPUMHUTUBEL cucTeMbl PVM. Ipumep ucmons3osanus.

Cucrema MPI. O6mas Xapaktepuctuka. Ilomnepxka Monenu B3auMonmeilcTBHS
HapaJlICJIbHBIX BEMUCIIUTENCH IPH TOMOIMM IIepeAadu coobuenuit. OCHOBHEIE IIPOTPaMMHEIE
OpUMHUTHBEL cucteMbl MPI. TIpumep ncnons3oBanus.

Opranusauus BBMMHCITEHHH Ha MHOTOIIPOLIECCOpHOM cucTeme Parsytec PowerXplorer.
Hcnonesopanne TexHomorum xpoce SMYIIIMA HpH Pa3paboTKe NapaLIeNbHBIX IIPOTPAMM.
Konnenuus BHpTyansHBIX TNPOIECCOPOB M KaHATOB nepesladyd  JaHHBIX. BupryansHbe
TOTOJIOTHY CHCTEMBL: KONIBIO, JHHEHKa, 3B€3/1a, peleTka, AepeBo. OCHOBHEIC IIPOTPaMMHEIE
IpUMUTHBEL [IpuMep ucnons3oBanus.

6. IapamtensHble wHCTeHHBIE AITOPUTMBI /ISl pelIeHds] THIIOBBLIX 324294
BBIYHCIHTEIbHON MATEMATHKH

6.1. O6mue croco6nI pacnapa/ieuBaHus AJIFOPHTMOB



BeriBnenne (yHKIMOHANBHOM HE3aBHCHMOCTH OTENBHBIX ¢parmMenToB anropurMa
(mapamnemusm xomanx). 'eomeTpudeckoe pasfieicHie BBIYACICHUH (Iapalulesu3M JaHHBIX).
Wepapxudeckas fexomMno3uims o6paboTku TaHHBIX.

6.2. Opranmsanus napajiie/IbHOT0 HCIIO/THEHHS PEKYPCHBHBIX BbIYHCJIEHHIT

IIpoGiiemMa peKkypcHBHOM 3aBHCHMOCTH 3TAIOB 00paboTku maHHBIX. KackamHas cxema.
[Toaxoa yist MOMyYeHHs aCHMITOTHYECKH HEHYJIeBOH s¢pdexrurOCTH. MeTox Oyrca. TIpumep
AL BBIYHCIICHUS YACTHYHBIX U OOIIeH cyMM.

6.3. [lapaniennbHbIe YHCICHHBIE ATOPHTMBI THHEHHOI ajredpsol

Croco0bl  pasbueHus Matpuil (TOPH30HTANbHAS, BEPTHKAIbHAS, OJIOYHBIC CXEMEI).
MeTozpl BEIYHCICHHS NPOM3BENEHHA MATPHL C HCIIONB30BAHUEM PasHeBIX cXeM pa3OHeHMd
Matpul. OOecredeHue MpeNeNbHO JONYCTUMOTO —MapalIeln3Ma. O6pamenve marpuil.
[TapannensHEIe METOABI peLIEHAs CHCTEM JIMHEHHBIX ypaBHEHU1A.

6.4. IlapareabHble YHCIEHHDBIE AJITOPUTMBbI  pemeHus  aupepennuaIbLHbIX
YPaBHeHHUH B YaCTHBIX MPOH3BOAHBIX

[lapannensHas  peamusanus npaMex  u HUTEPAUOHHLIX  METOJOB  pPEIICHHUS
nupGepeHINAaNBHEX yPaBHEHHH B YaCTHBIX MPOU3BOAHEIX. AHalMW3 pPasHOCTHBIX CXEM IS
3 YeKTHBHOTO pasfe/eHus 06IACTH OIPe/IeCHHS pelaeMsIxX 3a1ad.

6.5. IlapasiebHbIe YMcAEHABIE ATTOPHTMEI MHOI'OMEPHOH MHOI'0IKCTPEeMAILHOM
ONTHMHU3AIUH

XapakTepucTHIecKas CXeMa MPENCTABICHHS METO/0B TNOGAIBHOTO MOMCKA. OO6mmit
TPHHIWMIT pacliapajienuBaHis MeTofioB. Ouenka 5¢(heKTHBHOCTH BBENEHHS NapailieNu3Ma:
30 dEeKTHBHOCTE M GE3BI30BITOYHOCTS. CHHXPOHHBIE H ACHHXPOHHBIC BAPHAHTEL ITOPUTMOB.
Oripezenenye HAMITY4IMNX TOMOTOTHI BEIMACIUTENHHON CHCTEMEL JUISL pealu3aliil METOOB.

JIABOPATOPHBIE PABOTBI

1. PaspaboTka mapamieibHbIX nporpaMm ¢ HCOOJIb30BAHHEM HHTep(eiica
nepegayu coodmennit MPI

Munn-MPI (crapr, Gpurnim, nepenada n npuem coobmeHui).

lpumep 1: Haganpmas mapamiensuas nporpamMma (medaTtb HICHTHGHKATOPOB
MpoleccoB) - 3amyckK (JTOKanbHBL, pacrpeneneHHb). Ouenka BPEMEHH  BBITOJIHEHHS
NpOrpaMmel, CHHXPOHHU3AIUA, KOJUIEKTHBHEIE OLICPAIHH.

Hpumep 2: UncneHHOe HMHTErpHpOBaHHe- CO3JAHHE IIPOEKTAa HA OCHOBE TOTOBOIO
MCXOIHOr0 TEKCTA POTPaMMEL, HACTPOHKA ONIKH, KOMITHISIAS, 3aITyCK.

[Tpumep 3: Cransiproe npon3Be icHue BEKTOPOB (caMOCTOATENbHOE 3ajianue 1).

2. IlpakTHKyM mo pa3pafoTke mapasie]bHbIX AJITOPUTMOB H MNpPOrpamMm JIJ1a
peleHnA 32129 BLIYHCIHTEILHOI MATeMATHKH

O630p 6uGmuorexn MPI: ycranoska, HacTpolika, cxema byHKIHOHMpPOBAHHS.

Ilpumep 4: Pemenue 3amau pacmosHaBaHus 00pa3oB (BBIMOJIHEHHE 3aaHUS 1101
PYKOBOJZICTBOM IIPEII0JIaBATEIIS).

Hpumep 5. YMHOXeHHE MaTpHIl, TeHTOUHEIA aIrOPUTM (CaMOCTOSATENFHOE 3a1aHHue 2).,

Ipumep 6. YMHOXeHMEe MAaTpHUI, GIIOUHEIE CXEMEI pacnpezeneHys JaHHBIX (aJaropUTMBI
®oxkca u Kennona).

3. IIpakTUKYM IO MCIOJBL30BAHHIO GMGAMOTEK napauieJbHBIX MeTonos ParaLib
AJISl pelieHus 3aJa9 BhIMHCIHTEeNbHOI

O63op Oubmmorexu Paralib: HasHauenwe, KiIacchr pemaeMBIX 3a1a4, IIPHHIIMIE
pa3paboTKH. ‘



Ilpumep 7. Mynkmum 6ubmmorexu Paralib JUId YMHOXKCHHS MATpHIl mpu OJI0YHOM
croco0e pacrpeleseHus TaHHBIX" (amroputver ®oxca u Kennona): cxema peanuzanum,
TCOpETUYCCKast OUCHKa 3()(PEKTHBHOCTH, BEIYHCIINTEIHHEIC 9KCIIEPUMEHTEHI.

AHaNMM3 HWHTEHCHBHOCTH IIOTOKOB epeauyl  NaHHBIX, OCYIUECTBISEMBIX B XOJ€
TIapaJlIe/IbHBIX BBIYHCICHHH B CHCTEMAaxX C pPaclpeleieHHOM NaMATHIO, ¢ HCIONB30BAHHEM
HHCTpyMEHTabHOU OubimoTexn ParaScope.

4. IlpakTHKyM mo ouenke PdekTUBHOCTH Napa/LIeJbHBIX METOAOB /11 PA3HBIX
TOINOJIOrHif MHOTONPOLIECCOPHEIX BhIYHCIHTEILHBIX CHCTEM

XapakTepHuCTHKa MPOrpaMMHON naboparopuu ParaLab xak WHTErpHpoBaHHOW CHCTEMSI
AL [IPOBE/ICHUSA BBIMUCITUTEIBHBIX 9KCIEPHMEHTOB C NAPAIUIETEHBIME METOAAMH IS OLIEHKH
uX 3()eKTUBHOCTH:

¢ Mopnenuposanne MHOFOl‘[pOII#CCOpHBIX BBIMUCIIMTCIIBHEIX CHCTEM (BBIOOp TOIIOIOTHH,
3a/laHie KOJIMYECTBA H npoyf‘eBo,anTenLHocm TIPOIIECCOPOB, BHIOOP METOAA NMEpeadun
JAHHEIX U 3aJaHue KOMMyHI/IK]‘aHI/IOHHBIX XapaKTEPHCTHK CETH),

* Omnpeznenenne Knacca pemaeMbIX 3a1a4 U 3a/aHUC apaMeTpoB 3a7auH,

* DBribop mapamnensHoro Me$ozza PCIICHUA 3aJa4d M HacTpoiika 3HaueHWil ero
1apaMETPOB,

® VYcraHOBKa rpaduyecKkux I/IHJILIKaTOpOB AL HaOMIONICHHS 33 IPOLECCOM MapalIeABHBIX
BEIMHCIIEHHH (COCTOSHUE NAaHHBIX Ha IPOIECCOPAX CHCTEMBI, nepenaya HHGOPMAIHH 110
CETH, TEKYIIast OLCHKa PENICHHS HCXOAHO! BEIMHCIHTENBHOM 3aa4n),

e IIposenenne OKCICPUMEHTOB B  pPEXHME MMHUTANWK BEIYHCIICHHI; IOINATrOBEIL,
TOCIE0BATENILHBINA (HEIPEPBIBHBIN) U MUKINYECKH (cepmitHEIit) CIOCOGHI MPOBeIEHUS
9KCIIEPUMEHTOB; OZHOBPEMEHHOE BBIIOIHEHHE HECKONBKMX DKCICPHMEHTOB B pexuMe
PasmeneHus BPeMeHH i pa#HBIX BAPUAHTOB TOIIOJIOTUH BEIYKCIHTENIEHON CHCTEMEI,
[ApaMeTPOB 3a[a4H, KOJIHYECTBA IIPOIECCOPOB | T.11.,

* AHanu3 pe3sysibTaTOB C HCIIOJIB30BAHNEM CBEICHHI 13 XypHaJia DKCIIEPUMEHTOB; OLICHKA
BPEMEHM pENICHHWS 33139 B ‘SaBI/ICI/IMOCTI/I OT pPasMEPHOCTH 3aJa4dl H KOJIUIEeCTBA
IPONECCOPOB; MOCTPOEHUE 3aBUCHMOCTEH ycKOpeHHs u 3¢ (heKTUBHOCTH HapalIebHbIX
BLIYHCIICHHUH,

e IlpoBenenme OSKCIEPUMEHTOB B pexuMe PCANBHBIX TapajluleJIbHBIX  BEIYHCIICHHIL;
BRLITOTHEHUE MAapaNIeIbHEIX IPOrPaMM B BHJIE MHOMKECTBA HE3aBHCHMEIX IIPOLIECCOB HA
OLHOM NPOIECCOpe; yAANCHHEIA JOCTY K MHOIONPOIECCOPHON BBIMHCITHTEIbHOMN
CucTeMe (KJIacTepy); CpaBHEHHE TEOPETHYECKHX OICHOK U PE3YIBTATOB pealbHBIX
BEIYUCITHTENILHBIX OKCITIEPUMEHTOB.

3. PaspaoTka mapauie L HBIX IPOrpaMm ¢ HENOJIL30BARAEM TexHonorun OpenMP

O0mas XapakTepHCTHKAa TEeXHOJOTHH OpenMP: mortoku, mnapamiensHble obmacrtH,
Ppacmpesie/ICHUe BBIYUCTIEHIH MEXKy TOTOKAMH.

ITpumep 8: Cxansproe mpomssenenue BEKTOpOB. ['J100anbHEBIE M JIOKATbHBIE JaHHBIC
IIOTOKOB. KpuTHYeCKHE CEKIHN 10CTYIIA K PasHelIeMBIM JAHHBIM. Cusxpoumnsanus.

lpamep 9. YMHOXeHHE Marpun (BapuaHThI pacrnapajuleTMBaHus BIOKEHHBIX IUKIOB,
CaMOCTOSITENLHOE 3a4aHue 3).

6. IlpakTukym mo paspaGoTke HapasLTeTbHBIX AJITOPDUTMOB M NPOrpamMm AJIA
Pemenusi 3a1a4 BLIMHCINTEIbHOI MaTeMaTHKH



Ilpumep 10. Tapamiensras COPTHPOBKA: aNITOPUTMEIL ITy3BLIPHKOBOMA COpPTUPOBKH,
copruposku Illemra u Grrerpoi COPTUPOBKH (BBIIOJIHEGHWE 3a[aHHS TIOX PYKOBOJICTBOM
IperogaBaTes).

ITprmep 11. 3anaun o6paGorku IpadoB: MOCTPOEHHE MHHUMAIBLHOTO OXBATBIBAIOIIIETO
ACPEBA, MMOUCK KpaTYANIINX myTeif (CaMOCTOSTebHOE 3a/1anue 4)

7. IlpakTAKyM mo Mmeromam HapaLIebHBIX  BBLIYMCACHHH [Is  pemenus
AupdepeRIHATLHBIX YPABHEHHI B 4 CTHEIX NPOMU3BOAHEIX

OOImast XapaKTepHCTHKA METOAOM KOHEYHEIX PA3HOCTEH (METOJ CeTOK) IS YHCIEHHOTO
pewenns nudhepennmuanbHbIX ypasHenwit,

Metonsl pacnapamrenupanns METO/la KOHEYHBIX PasHOCTEH JUII BBMHCIUTEIHHEIX
CHCTEM ¢ OOIeH maMmsTeio (OpraHuzamus B3AHMOMCKIIFOICHHS JUIL OLEHKHM MOTPEMIHOCTH
PCIICHYS, M3OBITOK CHHXPOHHM3ANMH, mpoGieMa Cepranu3allid M OJIOKHPOBKH, obGeclieyeHie
TOMACCTBCHHOCTH  TIOCTICAOBATENBHOTO M APAILIENLHOTO BAPHAHTOB pAacueTOB, BOJIHOBLIE
CXCMBI BBIMHCIICHA], OII0YHAA CXeMa paclpeneieHus JaHHBIX, OaIaHCHPOBKa, HCIIONB30BAHHE
OYepeIM 3a/JaHHuif).

MeTonel pachapannenHBaHHs MeTOmA KOHEUHEIX PasHOCTEH [t BBIMHCIHTEIBLHBIX
CHCTEM ¢ pacIpenieNleHHON NaMSATBIO (IEHTOYHAS M GJIOYHAS CXeMEL pacupesieieHus. JaHHBIX,
BOJIHOBEIC CXEMBI BEIYHCIIEHHH, OLCHKA TPYLOEMKOCTH Iepeaadn JaHHbIX).

HpakTrkym Mo permenmro Mu(GepPeHITHAIBHEX ypaBHEHHH B YACTHEIX OPOM3BOAHBIX C
HCTIONIB30BAHAEM  y4eOHO-HCCIHENOBATENBCKON — CHCTEME] ParaGrid (mocranoska 3amaun,
BBIOIHCHHE BEMMUCIICHUH, BU3yallM3alus JaHHBIX, aHATH3 PE3YNBTAaTOB PACUETOB, U3MEHEHHE
lapaMeTPOB U MPOZOIDKEHUE BEIYUCIICHHIL).

8. IlpakTukym mo wucnoab3oBamuio OnGiIMOTeK mMApaNTETBLHBIX MeToxo0B hi6) 0}
PEIICHAN CJIOKHBIX HAYYHO-TeXHHYECKHX 32129

O630p 6ubmiorexn PLAPACK: CTPYKTYpPa, 0OBEKTEI, METOIBI, HCIIOJIB30BAHME, Ilpumep
12:  VMuoxenue MaTpuny - ucmoias3oBanue PLAPACK (BBIONIHEHHE  3ajanms moJ
PYKOBOZICTBOM MPEIIOAABATEIS).

9. IlpakTHKyM IO MeTomam NApaJLICIBHBIX BRIMHCJACHHH JJIf pemeHds 3agay
MHOTOMEPHOH MHOI'03KCTPEMAILHOI ONTHMH3AIAY

Ofmas xapakrepucruka IIPCIMETHOH 06nacTv (IIOCTaHOBKA 3a/a4M  TIOGATBHOMN
ONTHMH3ANAN, PEAYKIMA Pa3sMEPHOCTH JUIS CBENCHHS MHOTOMEPHBIX 3aa4 K OJHOMEPHBIM
[TOCTaHOBKaM, HH(POPMAIIHOHHO-CTATHCTHYCCKHE AIOPHTMEI ITOOAIBHOTO OKCKA, IPHMEPEL).

Hcnonn3oBanne MHOXeCTBEHHBIX PasBepTOk THma kpuBo¥ [leamo s mocTpoewus
PA3IUYHBIX CETOK B OONACTH pelienus ONTHMH3AIMOHHOH 3amaun. CBefieHMe mpPOGIeMEI
MHOTOMEPHOH ONTHMH3ALMK K ceMelicTBy OIHOMEPHEIX HH(OPMAITHOHHO-COBMECTHMEIX 337144,
HapannensHoe penrenve 3amay TIOPOAacMOro ceMelcTBa U cxeMa NH()OPMALMOHHEIX OGMEHOB,

ObwrocTs pacemoTpenHOro moxoMa AT PCIICHAS PANA BEMMUCIHTEILHO-TPYIOEMKHIX
HAYUHO-TEXHHYECKHX 3a/ad (MHTEIDHPOBAHHE, PELICHHE CHCTEM HEIMHEHHBIX ypaBHEHHI,
BOCCTAHOBJICHHE 3aBHCHMOCTEH, IIOUCK DEIICHHH, ONTHMATBHEIX o Habopy KpuTepHes
(MHOrOKpUTEpHATBHASL ONTHMH3AIUSA) H T.11.).

Hpaxtukym no pemenwo 3anay MHOTOSKCTPEMATBEHOM ONTUMHU3AIMH C HCIIOIb30BAHHEM
CHCTEMBI I1apaJule)IbHBIX BBIYMCICHHN AGCOIIOT IKCIEPT (IIOCTAHOBKA 3a[[aUH, BHIIONHEHHE
BEIYHCIICHHH, BU3yalIM3ays JAHHGIX, aHATH3 PE3YJIETATOB PACUETOB, H3MEHEHHE TIAPAMETPOB U
IPOJIOJDKEHUE BEMUCIIEHHUIA),



5. OBPA3OBATEJIBHBIE TEXHOJIOIUA

¢ JICKIMOHHO-CCMUHAPCKAs ~ CHCTeMAa  OOYYeHHS  (TpaIMUHOHHEIE JEKIUOHHEIE |
nabopaToOPHEIE 3aHATHS);

* 00y4eHre B MaJIbIX IpyNIax (BbIIONHEHHE Ma00OpaTOPHBIX PaboT B IPYNIaX U3 ABYX MM
TPEX YEIOBEK);

® MAacTeP-KNacChl (IEMOHCTpAIMs HA JaGOpaTOPHBIX 3aHSTHSX TPUHIUIOB pacdyera u
TIPOCKTHPOBAHUS OIITHIECKHX JICTATEH M ONTHYECKHX CHCTEM);

¢ IPAMEHCHUC MyJBTAMEIHA TEXHONOTHH (IPOBENCHHME JIEKIMOHHBIX 3aHSTHH
TIPUMCHEHMEM KOMIBIOTEPHBIX IPE3EHTALMI M JeMOHCTPALMOHHBIX POJIMKOB C TIOMOIIBIO
npoekTopa wix OBM);

* HH(bOPMAIOHHO-KOMMYHHKAIHOHHBIE  TEXHOIOTHH (npuMeHeHMEe HHPOPMATHOHHBIX
TEXHOJIOTHH /sl MOHUTOPHHTA TEKYIIeH YCIeBaeMOCTH CTYZICHTOB M KOHTPOJIS 3HAHHIA).

6. ONEHOYHBIE CPEACTBA JUISI TEKYIIETO KOHTPOJISI
YCIIEBAEMOCTH, NIPOMEKYTOYHOI ATTECTAIIUM 10 UTOT'AM
OCBOEHUS JUCIHHATIJINHBI U YYEBHO-METO/JUYECKOE
OBECIIEYEHUE CAMOCTOSITEJIBHOM PABOTBI CTYAEHTOB
a) Bormpoce1 k PeHTHHI-KOHTPOJII0:
Peiimune-xonmponv Nel

1. CISC-n RISC-mponteccoprr. OcroBHEIE uepthl RISC- apxurexTypsr.

Iosbmienne npomsBomTenEHOCTH IIPOILIECCOPOB 32 CYET KOHBeHepH3anuW. Y CIOBHS

ONTHMAJIBHOTO ()yHKIHOHMPOBAHHS KOHBeliepa.

3. CymepxouseliepEEle U CYNEPCKAISIDHBIE  IPOLECCOPEL.  BEBINENCHHE  HE3aBHCHMO
paboraromux ycrpoiicts: IU, FPU, MMU, BU,

4. Meromel  yMEHBIIGHHS  HEraTHBHOIO BIMAHHS ~ HHCTPYKUMH  mepexoia  Ha

IPOM3BOAUTEALHOCTE TIPOLECCOpA.

[oBennenue mpon3BORUTEIBHOCTH IIPOLCCCOPOB 3a CYET BBEJCHHS K3II-TIAMSITH. KoImm:

€/WMHEIA, ['apBap/ICKuii, ¢ pAMOii 3amHCEo, ¢ 00paTHOI1 3amuChIo.

6. OpraHusamys KiI-IaMsTH. ANTOPUTMEI 3aMEHBI AHHBIX B KOII-IAMSTH. Crienmansueie
K3IIIH,

7. Cornacosanne Ka1ei B MYJIbTHIPOLIECCOPHEIX CHCTEMAaX ¢ O0IIeii maMAThIO.

Buzie1 MEOTOPONIECCOpHBIX ApXHUTEKTYP.

9. Ilommep)ka MHOT0O3aIaYHOCTH W MHOTOIPOIECCOPHOCTH  CIENHANBHEIMA HHCTPYKIUSAMU
npoueccopa. OpraHu3aius JaHHLIX BO BHEITHEH TaMSTH.

10. TIporpamma, lponieccop, mporecc. OCHOBHBIE COCTABISIONIHE Iponecca, COCTOSHUS
mponecca. CTek, BEPTyalbHas MaMATh, MEXAHH3MEL TPaHCIALMY ajpeca.

11. Mexanusmbl B3anMoneicTBHS nporeccos. Paspensemas mamsrs, cemaopsr, CHUTHAJIEI,
TIO4TOBBIC AWK, cobbitust. 3amaum (threads). CpasHenne ¢ mporeccamu. Pecypcer,
npropuretsl. Ilapamnensusie mponeccel. Cesssamme. CTaTmueckoe I JUHAMAYECKOE
CBSI3bIBAHME.

12. Buger  pecypcos:  ammaparmbie, IIPOTPaMMHBIC, ~aKTHBHBIS, IIACCHBHBIE, JIOKAIBHEIE,
Pa3ACIIEMBIC, TOCTOSHHEBIC, BPEMEHHBIE, HEKPUTHUHEIE, KPHTHIHEILE,

Peiimune-xonmpons Ne2

1. Tuubr B3auMozelicTBHS HpoOLECCOB: COTPyAHUYAIOMINE M KOHKYPHPYIOIIHE MPOIECCHL.

Kpurayeckue cexnum, B3anMHEOE HOKITIOUeHME IPOLECCOB (3a11ay).
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IIpoGembl, Bo3H#KArOIIHE TIPH CHHXPOHU3AIUH 3a/]1a4 ¥ MICH UX pa3pellcHUs.

CocrosHus nponecca u MCX&HI/I3I}’/IBI IIEPEX0/ia U3 OJHOTO COCTOSHHSA B JIPYTOE.

Crannaprer Ha UNIX-cucreMsl.

VYipasienne nporneccam. CDyHKIT&I/II/I fork, execl, execv, waitpid. ITpuMmepsr HCToNB30BAHMS.
Pabota ¢ curranamu. Oynxmus signal. IIpuMep UcroNB30BaHHS.

Paspensemas mamars. @ynkuuu shmget, shmat, shmetl. ITpuMepr! HCOIE30BaHMSL.
Cemadoprl. @ynknmn semget. semop, semetl. ITpumeps! uconb3oBanmys.

CoObitust. ITpumaTHBHBIE omepamun. OpraHWsamus B3aHMOJIEHCTBHS KIIMEHT- CepBep ¢
ITOMOIIBIO COOBITHIA.

. Ouepenn  cooCuwiennii. Dyuknun msgget, msgsnd, msgrcv, msgetl. IIpumeps

HCIIONIB30BAHUAL.
Ynupaenenue 3anadamu (threads). ®yHxuum pthread_create, pthread.join, sched.yield.
ITpumeps! nemosb30BaHws.
OGBEKTBI CHHXPOHHU3AIHM THIIA mutex. Oynxnuu pthread_mutex_init, pthread_mutex_lock,
pthread_mutex_trylock, pthread_mutex_unlock, pthread mutex_destroy.  ITIpumepst
HCII0JIE30BaHUS.
OOBeKTHI CHHXpOHM3ANMH THHA condvar. Oynxuuu pthread cond init, pthread_cond_signal,
pthread_cond_broadcast, pthread cond wait, pthread _cond_destroy. Ipumepnr
HCIIOJIE30BAHUS.
Iprvep multithread-nporpamMmer ymuoxenus MaTpHUIbl Ha BEKTOD.

Petimunz-xonmpons Ne3
Message Passing Interface (MPI). O6mas crpykrypa MPI-nporpammsr. ®ynxnus MPI_ Init,
MPI_Finalize. Coo6meHns u ux BuspL.
Kommynukaroper. Oyuxuuu MPI_Comm_size, MPI_Comm_rank. ITpumepr:
HCTIO.Tb30BaHM.
[onapuerii  oO6MeH  cooGLIeHUSMY. Oynkupm  MPI_Send, MPI_ Recv. ITpumepsr
HCIIOJIB30BAHUS.
Oneparyu BBO1a-BBIBO/IA B MPI-niporpammax. Ilpameper.
HomonauTensHEle  BO3MOXHOCTH — jIs nomaprHoro obmena cooOmenusmMu. DyHKIHH
MPI_Sendrecv, MPI_Sendrecv_replace.
JlononHuTeNbHEIE BO3MOXHOCTH IS NONAapHOro o0MeHa coobmennsMu. DyHKIHH
MPT_Isend, MPI_Irecv, MPI Test, MPI_Testany, MP1 Wait, MPI_Waitany
Komnexktuersrit oGMen coobmenunsvn. OyHKpm MPI_Barrier, MPI_Abort, MPI Bcast.
KonnekTuBHBIF 06MeH  coOGIeHHSIMA. Oyuknmn  MPI_Reduce, MPI_Allreduce,
MPI 0p_create, MPI Op_free. [Ipumep MPI-nporpaMMEI, BbMECHISIOMEH OllpeAeTICHHBIH
HHTerpall.
Bpema B MPI-nporpammax. ®yrxiun MPI_Wtime, MPI_Wtick. ITpuMep ucmons3oBanms.
IIpumep MPI-niporpammer yMHOKeHuS MAaTpHUIBI HA BEKTOP.

. I[OHOJIHI/ITCJILHBIC BO3MOXXHOCTH JJIsI KOJIIIEKTUBHOIo 00OMeHa MacCCHBaMHU NAHHEIX. q)}’HKHI/II/I

MPI_Gather, MPI_Allgather, MPI Scatter,
Ilepecbuika cTpykTyp mammBIX. CO37aHHE HOBOIO MPI-tuna JgaHHEIX ¢ HOMOMIBIO
MPI_Type_struct. ®ynxuun MPI Address, MPI_Type commit, MPI_Type_{free. ITpumep
HCIT0JIE30BaHUS.

0) Ix3aMeHANMOHHDIE 32 1a49H;
Hamnioare  nporpammy, wucmonssys OIIOKHpyFOIe  KOMMYHHKAI[HOHHBIE GyHKIMHI
(MPI_Send, MPI_Recv), PCAU3YIOMYIO CNCAYIOIMK alIrOPATM: Ha HYJIEBOM IPOIECCOpe



U

7.

HHUIHAHsupyeTcs nepemerHast (float a); myneBoi mpomneccop paccruiaer IIEPEMEHHYIO a
BCEM IIpolieccopaM, BKIIOYAs caMoro cebs; Mmocle MHONydeHHs IEPEMEHHON a Bce
IPOLECCOPHI NPHOABISIOT K Heif CBOW WHIMBHIyaIbHbIH HOMEp ¥ TCPENaloT Ha HYNEBOU
IPOIIECCOp; HYJIEBOM MpOLECCOp IOJIYyYaeT OT BCEX IIPOLIECCOPOB JaHHBIE M BEHIBOJUT Ha
3KpaH B popMare: HOMEp IPOLEccopa, HepecaHHOe HM 3HAYCHHIE IIEPEMEHHOH a.
Haonwere mporpammy, wucmomssys ONMOKHpyIOIHe KOMMYHHKAITHOHHEIE byHKIIHH
(MPI_Send, MPI Recv), PCATH3YIOMYIO alNTOPHTM I€pe/laud JAaHHBIX 10 KOJBIY:
OYCPEIHON IMPOIECCOpP MOKHAACTCS COOOIEHHS OT IPEOBITYINEr0 W TOTOM IOCHLIAET
CIIETYIOIIEMY IIPOIIESCCY.
Hannmmre nporpammy, uenonsays KOMMyHuKanuoHHble yrknmu (MPI_Isend, MPI_Irecv),
TICPEIAIOIYIO ABYMEPHBIH MacCHB MEXTy IBYMS IIPOIECCOPAMHL.
Hamumure mnporpammy, ucmonssys KOMMYHUKalMOHHYIO (Qynxiuio (MPL Sendrecv),
PEATU3YIONIYIO aJIFOPATM IepPe/iayi NaHHBIX 10 KOJIBILY: OYepeNHON IIPOIIECCOP JOKHUAACTCS
COOGIIEHHS OT IPEBITYINETO W NOTOM MOCHUIACT CIeZYIOILIEMY TIPOLIECCy.

B) IIpumepHbIe TEeMBI KypcoBbIX pa6oT:
HucnenHoe peleHue cpencTBAMU MPI/OpenMP nBymepHOTO HenmmeitHOro YPaBHEHUS
TCILIONPOBOAHOCTH METO/IOM MPOIONTBHO-TIONEPEYHO IIPOTOHKH
Hucnennoe pelreHue cpencTBaMu MPI/OpenMP aBymepHOro HemuHeRHOro YpaBHEHUS
TCIUIONPOBOJHOCTH € MIOMOIIBIO CXEMBI PACIIEIICHUS
Uucnennoe pereHme cpencTBamu MPI/OpenMP nBymepHOro HemuHEHHOrO ypaBHEHUS
TCIIONPOBOAHOCTH € MOMOIIBIO CXEMBI IPEAHKTOP-KOPPEKTOP
HQucnennoe pelenwe cpencTBamu MPI/OpenMP TpexmepHOTrO NHMHEHHOTO YpaBHEHUS
TEINIOIIPOBOAHOCTY C IIOMOMIBIO SIBHOM Pa3sHOCTHOM CXEMEL
HucnenHoe pemende cpencTBaMu MPY/OpenMP  nBymepHOTO YypaBHEeHHs ITyaccona
UTEPAIHOHHBIM METOJOM 3einess
HucneHHoe pelueHne cpencTBaMu MPI/OpenMP nBymepHoro ypasHeHwus ITyaccona
MET0/10M OJIOYHBIX HTEpaiumil
MopgenupoBanue cpencramu MPI/OpenMP mponecca B3anMomeicTBHS TBEP/ABIX YaCTHI] ¢
IIOTOKOM rasa
HHhceHHOE PElIeHHe CpeICTBAMA MP1/OpenMP nBymeproro ypaBHeHus repeHoca
Bbraucnenue panra nponsBoanHoI MaTpuIsl cpeactsaMmu MPI/OpenMP

. MogenupoBanme cpeacTBamu MPI/OpenMP npomecca mnpoxoxueHus HEHTPOHOB uepes3

IUIACTHHY
r) CamocrosTensHas paGoTa cTyIeHTOB:
1. IloaroroBka k TexyuieMy KOHTPOIIO U IIPOMEKYTOYHOH aTTECTAIMH.
2. Iloxroroska K naGopaTtopHsM paGoTam u 0(hopMITEHHE OTYETOB 110 PE3yIBTATAM
U3 BBIIONHEHHS. KOHTpONb OCymlecTBisieTcs Ha 3aHATHSX B BHE YCTHEIX OTBETOB Ha
BOITPOCEI IPETIONABATEIIA 110 COJCPIKAHUIO OTUYETA.,
3. Pabora ¢ nomomHUTENIBHOM JIMTEPATYpOi II0 BONIPOCAM, BHIHECEHHHIM Ha
CaMOCTOATENIbHOE H3yUeHHE. KOHTPOIIb OCYIecTRISETCS HA FK3aMeEHe.,
1)  JTlocromncrtsa u Henocrarkn SMP- u MPP- APXUTEKTYDP BBIYUCIIATEIBHBIX
CHCTEM.
2)  Ornmune moHATHI NpoOLECCa U TTOTOKA B OIEPAIlHOHHBIX CHCTEMAX.
3)  IIpoGreMsI cCHHXpOHH3AIH 33034 IIPH IapajliebHOM IPOrPpaMMHPOBAHHH.
4)  Cramgapr OpenMP. Hasnauenwe,
5)  CymectByromue peammzanum cragaapta MPI.



6)  IIpoTokoiE! 06MeHA TAHHEIMH MEX/LY IIPOLECCaMH.

7)  HUcnoms3osauue yrunutel MPIRun.

8)  Ornanka mapanieNbHBIX IPHIIOXKEHHI.

9)  Mertoauka oneHku 50 GEXTHBHOCTH BEIYHCIICHHIA,

10) Peanusanus MaTpHYHBIX aITOPUTMOB cpexcTBamu MPI

11) Pacnipenenennoe perenue nudpepeHIMATEHEIX YpaBHEHHIA.

4. BomonHenwe 3amaHEA KypcoBOM paGoTHI M IIOATOTOBKA OTYETa. 3amuTa
KypcoBoii paboThl (3ayeT/HE3aueT) OCYIIECTBISECICS B KOHIE ceMectpa B (opme
ASMOHCTPAIMOHHOTO 3amycka Ha OBM peanusoBanHoOif mporpaMMEL B OTBETOB Ha BOIPOCEHI
II0 COACPIKAHMIO OTUETA.

Pacnipesieneane BHOB caMOCTOSTENBHOM pabOTHI 110 pa3fenaM JUCIAILIHHEL

Ne Bun CPC
Pasnen nquctumnnune

/ (1 ) A3) “)

1. | Lenu u 3ana4n mapasiensHoi 06paboTkn o) _ 4 —
JTAHHBIX

2. | IIpuHIMIIEI TOCTPOEHNS TAPaILIeIBHbBIX 4 _ 6 —
BBIYHCJIATENBHBIX CHCTEM

3. | Mogenu napasuieibHBIX BEIYHCITATEIHHBIX 4 6 6 —
CHCTEM

4. | IlpuHIunE pa3paGoTKH DapaIenbHEIX 4 4 6 —
AITI'OPHTMOB H IPOTpaMM

5. | CracremsI pazpaboTkn napannenfnmx 6 6 8 —
IIpOrpamMMm

6. | IlapannenbHble YUCICHHBIE AITOPHTMEI
JULSL PELICHHS] TUTIOBBIX 33724 6 6 8 40
BEMHCIUTEIHHON MaTEMaTHKH
Bcero 26 4, 22 4. 38u. 40 4.

7. YYEBHO-METOJUYECKOE U UH®OOPMAIIMOHHOE OBECIIEYEHUE
JAUCITUATIJINHBI
a) OCHOBHAs JINTEPATYpa
1. Autonos, Anexcannp Cepreesud. TeXHONOTHY IAPATIIEILHOTO nporpamMmmuposanust MPI u
OpenMP : yueGHoe moco6re 1151 By30B 110 Hampapnerusm 010400 "TIpuknanHas MareMaTHKa U
uHdopMarmka” u 010300 "dyHnameHTaNbHAS HHEGOPMATHKA H HH}OpPMAaIHOHHEIE TEXHOIOTHN"
/'A. C. AHTOHOB ; MoOCKOBCKHII rOCYIapCTBEHHEIH yHEBepcuTeT umeHn M. B. JlomoHOcOBa
(MI'Y) ; aBT. mpeaucin. B. A. CanoBanunii— Mocksa: MOCKOBCKHIH yuuBepcurer (MI'Y), 2012
.— 339 c.: mn. — (CynepkommsiotepHoe 00pa3oBaHHe) .— bubmmorp.: ¢. 333-334 .— ISBN
978-5-211-06343-3.
2. OcHOBBI MapaUIENBHOrO IPOrPAMMHPOBAHES [ DK TPOHHbIHA pecypc] / Boraués K.IO. - M.:
bBUHOM, 2013.
3. ®eporop W.E. Moxenn mnapamiersHOro HIPOrPaMMUPOBaHUA [DNEeKTpOHHEBI pecypc]/
®enoros U.E.— DnexTpon. Texcrossie nannbie.— M.: COJIOH-IIPECC, 2012.— 384 c.
4. TlapamrensHoe mnporpammupoBanne Ha C++ B jelicTBHM. IIpaktuka paspaboTKi
MHOTONOTOYHBIX NPOrpaMM [ONeKTpoHHELH pecype] / Duronn Yunsame ; Ilep. ¢ anrn. Ciukun
AA. - M. : IMK Ilpecc, 2012.
0) nonoJiHUTEILHAS JIUTEPATYPA: |



l. Kymixkos WM. Texuonoruu Pa3paboTKM  IPOTrpaMMHOTO  0GecHedeHHs JUIst
MaTCMaTHIeCkOro MOJENUPOBAHUS  (DH3HYECKHIX nponeccoB. Yacte 1. HUcmons3oBanme
CYICPKOMIILIOTEPOB, OCHAICHHBIX TpadHuecKAMH YCKOPHUTEIAMH  [INeKTPOHHEL pecypc]:
yuebHoe mocoGue/ Kymuxos W.M.— OJIEKTPOH. TEKCTOBBIE JAHHBIE.~— Hoocubupcxk:
HoBocubupckmit TOCYapCTBEHHEIN TeXHAIECKHIT yRuBepcHTeT, 2013.— 40 ,

2. Momenn pacnpesieneHHbIX BBMUCTEHM [Onextporusiit pecypc] / Tonopxos B.B. - M.:
OUSMATIIUT, 2011.

3. Texnonmorus CUDA = pUMEpax: BBEJCHHE B NPOrPAMMHPOBAHHUE rpaduyeckux
IpoLieccopoB [DNEKTPOHHEI pecype] / Caupepc Ix., Karnpor 3. - M, : JAMK Ilpecc, 2011.

B) llporpammuoe oGecnieuenue u Hurepner-pecypesr:

1. JlaGoparopus [Mapanngensubix HH(OPMAMOHHEIX TEXHOJIOTHIA Hayuno-
HCCICA0BATEIECKOTO BEIYUCITHTENBHOTO MeHTpa MI'Y http://parallel.ru

2. MPICH: a high performance and widely portable implementation of the Message Passing
Interface (MPI) standard. https://www.mpich.org/

3. OpwurrHans crangapra MPI: http:!/www.mpi-forum.org/docs/docs.html.

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE TUCIMILINHEI
Jlexumonnsle aymuTopun, ocHAIMEH bR ROCKO# (JUIs1 MeNa MM Mapkepa), 9KPaHOM IS
HPOCKIMOHHBIX CUCTEM, IPOEKTOPOM H HOYTOYKOM.
Aynuropun s npoBenenns 3aHATHH, OCHAIEHHBIE COBPEMEHHBIMH NEPCOHANBHBIMU
KOMIILIOTEpaMH, O0BEAMHERHBIME B JIOKAIBHYIO BBMUCITATENBHYIO CETh H YKOMIICKTOBAHHEIMHU
HEO0XO/JUMBIM CHCTEMHEIM H 11 PHKITaJIHBIM IPOrPAMMHEIM 0GECIICUECHIEM.



Pabovas mporpaMMa QUCIHUIUTHHEI COCTABIIEHA B COOTBETCTBHE tpeboBanusamu OI'OC
BO no nanpasnenuto 01.03.02 Mpukiagsas MatemaTaka 1 HEGOPMATHKA
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[Iporpamma paccmoTpena u 006peHa Ha 3aceJaHHH Kapenper GullM
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poTokour No / 1, /4 OT « /—,Z » 201 > rona. ,«/

3apenytomuit xadenpoit Z C.M. Apakemnan

PaGouas mporpamma paccMoTpena M onoGpeHa Ha 3aceNaHWH Y4EeOHO-METOIMIECKOM
Komuccun HampasneHus 01.03.02 Ipukiannas MaTeMaTika 1 HHGOPMATHKA

nporokon Ne 4/ /,4 OT « /7 » pleht, b2 20%7
~ S
[Ipencenarens komuccum ’ / C.M. Apakensd

JIACT TEPEYTBEPKIEHMSI
PABOYEI{ IPOI'PAMMBI IUCIATLIHMHEL (MOAYJIST)

Pa6ouas nporpamma oo6pena na /4~ £9 Y4eGHBIH TOx
IIporokon 3acenanus xadenpe Ng/].f or 3.9 /Y roxma
3asenyromuit kadeapoii 4/’?/ ./@%DW ety Celd.

PaGouas mporpamma ogo6pena na YUeOHBII IO

IIporokon 3acenanus kadeaper N oT roaa

3aBeqyromuit kadempoit

Pa6oyas 11porpamma o106peHa Ha y4eOHBIH roj

[Iporokon 3acenanus kadeapsr Ne oT roaa

3asenyromuii kahenpoit




