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1. HEJIX OCBOEHUA JUCHUTIJIAHBI
[Torpe6HOCTE penIeHus CIOKHBIX MPHKIAHBIX 3a/1a4 ¢ GOIBIIHNM 00HEMOM BBIYHCIICHHI
¥ NPUHIOUNKAIBHAS OTPAaHHYEHHOCTh MaKCHMAallbHOTO OBIcTpojeiicTBusS "Kiaccuyeckux" - mo
cxeme Qou Heiimana - OBM npuBe/n K NOSBICHAI0 MHOTONPOIECCOPHBIX BBIYMCIHTEIBHBIX
cucreM (MBC). Hcnonp3oBaHHE TaKMX CpPEICTB BHIYHCIUTENILHON TEXHUKH TIO3BOJISET
CYMIECTBEHHO YBEIMYMBATh IPOU3BOJUTENBHOCTE IBM npm jro6oM cymecTByomeM ypoBHE
PasBUTHS KOMIIBIOTEPHOro obopynosanus. IIpu stoMm, ogmako, HeoGXxomumo "mapamiensHoe"
00o01IeHne TPaIUIIMOHHOM - TIOCIIENOBATEIFHON -~ TEXHOJIOTHI peueHns 3amad Ha OBM. Tak,
YHCIICHHBIC MeTO/Bl B ciiydae MBC ODKHBI IPOEKTHPOBATHCS KaK CHCTEMBI MAPAIIENbHBIX 1
B3aUMOJICHCTBYIONIUX MEXIY cOOOM MpOIEccOoB, MOIYCKAIOMMX MCIIOIHEHUE HAa HE3aBUCHMBIX
npouneccopax. I[IpuMeHseMble aNrOpUTMHYECKHE S3BIKH M CHUCTEMHOE IIPOrPAMMHOE
obecrieyenne NOIDKHBI OGECICUMBATE CO3/@HME MAPAUIETLHBIX IIPOIPAMM, OPraHH30BBIBATH
CHHXPOHH3AIHIO U B3aMMOHCKIIFOUEHHE aCHHXPOHHBIX ITPOIECCOB H T.I1.
IIpeamMeToM paccMOTPEHHS HACTOSIIETO Kypca M SBISETCS M3YdYEHHE TEepedHCIeHHOrO
Kpyra Bompocos. Llenb kKypca COCTOMT B H3JIOKEHMHM MATEMAaTHUECKUX MOJENEH W METOIOB
MapaJUIeJIbHOTO MPOrpaMMHUPOBAHHs Ul MHOTOIIPOIIECCOPHBIX BHIYMCIIMTEIBHBIX CHCTEM, &
TAKKE MPaKTHISCKOE OCBOCHUE PUEMOB M TEXHUK Pa3pabOTKH NapauIebHBIX IIPOrPaMM.

2. MECTO JUCHMIIJINHBI B CTPYKTYPE OIIOII BO

Huctpmana «[lapannensHoe nporpaMMEpPOBaHME» HAXOJUTCS B BApHATHBHON YaCTH
OCHOBHOM Mpo(ecCHOHATEHON 00pa30BaTeNBHOM IPOrpaMMbl M OTHOCHTCS K JUCIIAILIMHAM I10
BBIOODY.

Jucnumivea  JIOTMMECKH M CONEPXKATEIBHO-METOJMYECKH CBA3aHA C  PSZOM
TCOPETUYECKUX NUCHMIIIAH M NPAKTHK MPEIIIECTBYIOMEro nepaoaa obydenus (ApXuTeKTypa
KOMIIBIOTEPOB, OnepanioHHbIEe CUCTEMBI, AJTOPHTMBI M AJTOPUTMHYCCKHE S3BIKH, SI3BIKA 1
METOJIBI IPOrpaMMUpOBanus, CHCTEMHBIE M MaTeMaTHYECKHE OCHOBBI CYNEPKOMITBIOTEPHBIX
TEXHOJIOTUH). JJIsi yCNENmHOro OCBOGHHS Kypca CTYIEHTHI JOJDKHBL 3HATh YCTPOUCTBO H
NpUHOANEL  QyHKuKOHMpoBanus OBM, mMers npenicrasienue o Ga30BBIX AITOPHIMAX X
CTPYKTypax JaHHBIX, yMETh IPUMEHATE A3BIKH IIPOrPaMMHPOBAHHS BHICOKOTO YPOBHS.

Jucnunimeaa  QopMHpyeT 3HAHHMS MW HABBIKM, HEOOXOIMMBIE B NPaKTUYECKOM
JIeATENBHOCTA KBAIU(HUIMPOBAHHOTO CHEIHAINCTA, H3yYaeTesl B KOHIE TEOPETHYECKOro Kypea.
B pamkax ydueGHOro mpormecca OHH MOTYT GBITH HCIIONB30BAHBI NPH TIOATOTOBKE BBIIYCKHON
KB (PUKAIIMOHHOH paboTEL

3. KOMIIETEHIIMHA OBYYAIOIIEIOCH, ®OPMUPYEMBbBIE
B PE3YVJIbTATE OCBOEHUSI ATUCHUILIIMHEBI (MOIYJIST)

B pesynbrare OCBOEHMS MMCHMIUIMHBI OOydYaroumiics NOMKEH JEMOHCTPHPOBATH
cleyronye NpodeccuoHaNbHble KOMIIETECHIINH:

CIIOCOGHOCTE NIPUMEHATh B NPO(ECCHOHAIBHON JEeSTENHHOCTH COBPEMEHHBIC S3BIKU
IPOTPaMMHPOBAHHS ¥ S3bIKU 6a3 NaHHBIX, METOMONOTHH CHCTEMHOM WH)KEHEPHH, CHCTEMBI
aBTOMATH3allUU IPOCKTHPOBAHUSA, OSJIEKTPOHHBIE OUOIHOTEKHM U  KOJJIGKIHH, CETEBEIE
TEXHOJIOTHH, OUONMOTEKN M MaKeThl POTrPaMM, COBPEMEHHbIE TIPO(ECCHOHANBHEIE CTAHIAPTHL
HMHpOPMAaIMOHHBIX TexHoorui (OITK-2);

CIIOCOOHOCTh K pa3paboTKe alrOPHTMUYECKHX M IPOrPaMMHBIX PELICHHH B 06JIaCTH
CHCTEMHOT0 M MPUKIAJHOIO IPOrpaMMHPOBaHMS, MaTEMAaTHYECKWX, HWH()OPMAIMOHHBIX H



HMHUTAIMOHHBIX MOZENEH, CO3/aHuI0 HH()OPMAIMOHHBIX PECYpCOB TIIOOAIBHBIX CETEH,
00pa3oBaTeNbHOr0 KOHTEHTA, HPUKIAHBIX 0a3 MaHHBIX, TECTOB M CPEICTB TECTHPOBAHHMS
CHCTEM H CPEJICTB HA COOTBETCTBUE CTAHAAPTaM M McxoaHbsM TpeboBanusm (OITK-3);

CIIOCOOHOCTE HCIIONIB30BaTh COBPEMEHHBIE HHCTPYMEHTAILHBEIE U BBHIYMCIHATEIBLHBIE
cpencrsa (I1IK-3);

CIIOCOOHOCTh  KPUTHYECKH IIEPEOCMBICIHBATE HAKOIICHHBIA OIBIT, W3MEHSTH IIPH
HeoOXO0MMMOCTH BUJT M XapakTep cBoei mpodeccronanpHol fesrensroctu ([TK-5);

crocoOHOCTh  3((EKTHBHO INPUMEHSATh 0a30BBIE MaTeMaTHYECKHE 3HAHUS U
MH(OPMAIOHHBIE TEXHOJIOTHU IIPH PEINeHHH IPOEKTHO-TEXHMYECKHUX ¥ IPHKIAJHBIX 33724,
CBSI3aHHBIX C Pa3BUTHEM U MCIIOJb30BaHMEM HH(OpMAIMOHHBIX TexHoaoruit (ITK-6).

B pesynbrare ocBoeHus JUCIMIUIMHEI OOYYaIOMHCS JOJDKEH JIEMOHCTPUPOBATEH
CIIeIYIOIHE pe3yIbTaThl 00pa3oBaHUS:

1. 3maTe: xKIaccMUKANUIO pacCHpe/EIeHHBIX BBLIUMCIMTEILHBIX CHCTEM, METOMbI
MOBBIIICHAS [POU3BOJAUTENBHOCTH BBIMHCIMTENBHBIX CHCTEM, MOAXOABl K IIOCTPOEHHIO
napaenbHbIX alrOPUTMOB;

2. YMerb: caMOCTOATENBHO M3BJIEKATH MOJE3HYIO HAYYHO-TEXHHYECKYIO MHDOPMAIHMIO W3
PasnMYHBIX ~ MCTOYHMKOB, IPHMEHATE HM3y9eHHBIE METOJBl NpPH  [POEKTUPOBAHUM
pacIpeielIeHHBIX aJITOPATMOB;

3. BuaaaeTn: HaBBIKAMH HCIIONIb30BAHUS COBPEMEHHBIX CPEICTB PEIICHMUS BEIYACTHTEIbHBIX
3a/1a4 JUIs CUCTEM C paclipeie/ICHHOM MaMsITBIO,

4. CTPYKTYPA U COAEPKAHUE JUCIHUATIIMHBI (MOAY.JIS)
OO0mas Tpy0eMKOCTh AUCHUILUIHHEI COCTABNISAET 5 3aueTHBIX eaunui, 180 yacos.
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1. ITesu ¥ 338244 BBEJCHHS NAPAJLIEALHOIM 00paboTKH JAHHBIX

1.1. HeobxoaumocTh

OrpannyeHue MakCHMajbHON  IPOM3BOAMTENLHOCTH — OJHOIPOIECCOPHBIX  DBM.
IocTostHEas HEOGXOMMMOCTE pEINeHMs 3a/1ad, IPEBBINIAIOIIEX BO3MOXKHOCTH COBPEMEHHBIX
9BM (mpoGiembr "Goinbimoro Be;3oBa"). HeoGXOAUMOCTE KOJUIEKTHBHOTO PEXHMA PEIICHUS
3a7a4. ABTOMATH3ALMS YIPABICHHS paCHpe/ie/leHHbIX TEXHHYECKHX CHCTeM. TeXHHYEcKHe
TPeGOBaHHUS II0 CHIKEHHUIO CTOUMOCTH ¥ TTOBBILICHHIO HAIEKHOCTH.

1.2. McTopus BBe/ileHHS NapaJuien3mMa

ENIAC, IBM-701, 704, 709, ATLAS, CDC 6600, 7600, ILLIAC 1V, Cray-1, Dn56pyc.

1.3. Pazmvme MHOr03aAa9HbIX, NAPAUICALHBIX H PACHPEIEIeHHBIX BHIYUCICHHIT

1.4, IIpo6.1eMBI HCIIO/IB30BAHMS NAPAJLIETH3MA

CymecrBoBanue IOCNIeI0BATENBHBIX AIrOPUTMOB  (3aKOH Amzans). 1loBblueHue
IpOM3BOJUTENLHOCTH  IIOCIIC/I0OBATENBHBIX  KOMIIBIOTEpOB  (3akoH Mypa). Ilotepm Ha
B3aUMOJCHCTBHE © Iepejady JaHHBIX (Tumoresa Mumsckoro). Bricokas CTOMMOCTE
napauIeNbHBIX cueTeM (3aKkoH I'poma). "TlocienoBaTensHOCTS" CYIIECTBYIOMMX aNMTOPUTMOB
MPOrpaMMHOro obecreyeHus. 3aBUCHMOCTh S(()EKTUBHOCTH NapaIelbHBIX BBIYHCIEHHN OT
ydaera ocobenHocTeld anmaparypel. ClOXKHOCTS Da3spalOTKM MapalIeNbHBIX aITOPUTMOB.
TpynoemkocTb MPoBEpKH NPABHIBHOCTH NAPAIIETBHBIX TPOTPaMM.

2, [IppHIMNBI HOCTPOEHUS HAPAJLICIbHLIX BEIYHCIHTEILHBIX CHCTEM

2.1. IlyTn nocrukenus napa/uieu3Ma

QyHKIHOHATBHBIE BBHMHCIATENBHBIE yCTpoiicTBa. MHOrOypoBHEBasS M MOyJIbHAS
namate.  KonBeiiepHEle M BEKTOpHBIE  BBIYMCICHHS.  [IPOLECCOPHBIE  MATPHIBL
MHoronponeccopubie BBIYHCIHTENBHBIE CHCTEMbI ¢ OOIIEH M PacHpeleeHHON NaMITHIO
(MyJBTUIIPOLIECCOPBI H MYJTBTHKOMIIBIOTEPBI). MHKPOTIPOLIECCOPHEIE CHCTEMBL.

2.2. Cnoco6bI MOCTPOEHNSI MHOI'OIIPOLECCOPHBIX BHIMHCIHTENLHBIX CHCTEM




Cxembl xoMMyTanuu (TOMHAS KOMMYTalus - oOmas IaMATh, II€PEKPECTHEIE
KOMMYTATOPEI, JIOKJIbHBIE CXEMbI KOMMYTallui - o0mas IIHMHa, PEIIeTKH, KIacTepsl). AHaIHU3
NapaJUIebHBIX AJTOPUTMOB H THIIOBHIE TONOJOTHH CXeM KOMMYTAIMM — KOJBIO, JHHEHKa,
pelieTKH, MOJHBIH rpad, rumepkyd, Top, AepeBo. AmmaparHas pealusanus ¥ NporpaMMHas
OMYJISIIHAS TOITOJIOT M.

2.3. Buasl napa/uteSbHbIX BEIYHCIAHTEILHBIX CHCTEM

CynepOBM.  MHoromnporeccopasie  BBIMMCIAMTENbHEIE  Kommekcsl  (MBC).
MHoromMamuHHbIE BEMUACIUTENBHEIE KOMIUIEKCEL. Cetn DBM.

IIpumepsbl COBPEMEHHBIX BBICOKOIPOM3BOJUTENBHBIX BEIUUCIUTENBHBX cucTeM (Cray
T932, IBM SP2, HP Exemplar, ASCI RED). CynepkoMIbIOTEpHBIE BHIUUCIUTEIHHBIE CHCTEMBI
B Poccun,

2.4. Knaccnpukanus MBC

Cucremaruku ®nmurna u Ilopa. [Motokn nanueix (komanm). CTpyKTypHas HOTAIHS
Xoxkuu u [xecxoymna,

2.5. Onenka npoussogureabnocru MBC

OO6uiee BHIpaXKEHME JUIs OLEHKH IIPOM3BOAMTENBHOCTH i pasHoro tmma MBC.
Makcumansnas  (MMKOBas) — NPOU3BOAMTENBHOCTh.  CTeNmeHh  HapamienusMa  (JUIMHA
TOJIyNIPOU3BOJUTENIBHOCTH). Y ieibHas IIPOU3BOAUTENFHOCTE. SHAUSH s MOKasaTesel I psja
MBC.

3. MoaeaupoBaHue H aHAJIN3 NAPALIEILHBIX BbIYHCJICHHI

3.1. Moaenu napa/uieIbHbIX BHIYHCIUTEIBHBIX CHCTEM

Kommbiorep ¢ HeorpaHMdyeHHBIM —mapautenu3sMoM  (mapakoMmbiorep). Mogemn
MHOTOIIPOIIECCOPHBIX CHCTEM ¢ O0Imel M pachpesieNleHHOM IaMsaThio. Mozenb KouBehepHoOi
CHCTEMBL.

3.2. Moaeas aaroputva B BuJe rpada "onepanj - onepamuu'

IIpexcranenue ajqroput™a B Buje rpada moToka JaHHLIX. Pacnucanue mapaienbHBIX
BbIYHCIICHUiA. [lokasarens BpeMeHHOM cnoXHOCTH airoput™a. OLeHKa BPeMEHH BBITOIHEHHUS
aJIrOpUTMa JUIs IapaKOMITBIOTepa (IpefielIbHOe pacapauicIMBaHUE) U IS CHCTEM ¢ KOHEYHBIM
KOJMYECTBOM IIPOLECCOPOB. 34aBUCHMOCTH OLEHOK OT TOIOJOTMH rpada anroputMa u
HEOOXOMMOCTh  ONTHMHM3AIMU CTPYKTYpHl rpada. CHocoOhl MOMYYEeHHS ONTHMAIBHOTO
pacnucanusl BEIYUCICHUHN.

3.3. Moaeas napajuie/IbHBIX BbIYHc/IeHui B Buje cen Ilerpn

OcHosuble monaTus Teopun cereif Ilerpu. Ucnonssosanue cereii IleTpy M omucanmus
napajuiesbHbIX BBIYUCIEHUH. JIEMOHCTpaIMs OCHOBHBIX MpOOJeM MapaiiebHBIX BLIYMCIICHHI:
CHHXPOHHU3AIIMs, B3aUMOHCKITFOUeHHE, OJIOKUPOBKa (TYIIMKH).

3.4. Monear napaJuie/IbHBIX BBIMHCICHHI B BHe rpada "'nponecc-pecype"

Ionstue npouecca. CHHXpOHM3aLMs NapalelbHBIX IIPONECCOB. AmNmapar COOBITHIL.
[Ipumep peanuzanuu B onepanoHHo# cucreme Unix.

BsaumounckmodyeHne mapalIeNsHBIX mHponeccoB. Konmemus pecypca. MexaHH3MBI
B3aHMOMCKITIOUeHHs: ainroput™ Jlexkkepa, cemadopsr ([eiikerpa), morutops! (Bupt). Ilpumeps:
PCIICHHUS CTAHJIAPTHEIX 3a/[a4 B3aUMOMCKIIFOUEHHS: KOJbIEeBoi Oydep, npobiema "uurarenu u
nucarenu".

BsaumozneiicTBue napainenbHBIX IIPOIECCOB MOCPEACTBOM MEXaHH3Ma  Iepeqadn
coobmieHnid. MexanusMbl nepeaayn: oYepey, MOYTOBbIEe SIUKH, IIOPTEL. IIpuHIuN paHneBy B
s3pikax Aga u OKKAM.



[IpoGnemer  B3auMozelcTBus mporeccoB. IIoHsATHE TynWKa ¥ YCIOBHS — €ro0
BO3HUKHOBeHH. [Ipenorspamenne TynukoB. AnroputMm Oankupa. OGHapyXeHHE TYNHKOB M
BOCCTAHOBJICHHE COCTOSIHHUS TIPOIIECCOB.

Muorosasaunslii pexxum pabotsl OBM kak yacTHBIH ciryuait mapauiensHoi 06paGoTKy.

4. IIpuHUIBI pa3paboTKy NAPAIEIBHBIX AJIOPHTMOB H POrpaMM

4.1. Ouenka 3(ppeKTHBHOCTH NAPANIENLHLIX BHIYHCICHAIH

Ilokasarens  sddexkra  pacmapauienuBanus  (yckopenue).  D(PQEKTHBHOCTH
HCIIOIb30BAHMS BBIYUCIUTENBHOM cucreMbl. CrnocoObl omeHkd mokaszarenei. OCHOBHEIE
XapaKTePUCTHKH BBIYMCIMTEILHOM CHUCTEMBI, BIHSIONUE HAa BEIMYUAHBI YCKOPEHUS U
3G dekTuBHOCTH (apXUTEKTypa, KOJMYECTBO MPOIECCOPOB, TOMOJOIHsS KAHAIOB IEpeaun
JIAHHBIX).

4.2. Ouenka KOMMYHHKAIMOHHOM TPY/0eMKOCTH NAPA/LIETLHBIX AJTOPHTMOB

XapakTepUCTHKH TOMOJNOTHH CETH Mepelayd JaHHBIX. AJITOPATMBI MapUIpyTH3AIMH.
Mertoe! nepenayn JaHHBIX. '

AHanus TpyHOEMKOCTH OCHOBHBIX oOIepanuii mepemadyu jganueix. Ilepejaua JaHHBIX
MEXJly JByms TpomeccopaMu cetd. OAMHOYHAs U MHOJMKECTBEHHAs pAcChUIKA COOOIEHHIA.
Omneparyst TUKITHYECKOTO CABHIA.

Merozbl  JIOTHYECKOr0  NPEACTABNCHHS. TONMONOTHH KOMMYHHKAIMOHHOM  CpeJibL.
Oto6paskenue KOJbIeBO# TOIOJIOTHH | TOIOJIOTHH PEIIETKH Ha THIIEPKYO.

4.3. YpoBHHM pacnapa/uieJUBAHHA BbIYMCICHAH

Pacnapajuie/iiBanue BBIYUCIEGHUN HAa YPOBHE KOMaHJ, BBIPAXEHHH, IPOTPAMMHBIX
MOJYJIEH, OTJICJILHO BEITIOIHSAEMBIX 3aJaHui.

4.4. JTannbl NOCTPOEHHS NMAPALIEILHBIX AJTOPUTMOB H MPOrpPaMm

BeiGop mapamnensroro anropurtMa. Peanmsanms anroputMa B BHJIE NApaIENbHOM
nporpaMmel. Iloctpoenne HCIONHAEMON NPOTpaMMBI Ul MapalIeNbHOM BBIYHCIATEIBHON
cucreMsl. IlapaienbHOe MCMONHEHHE MAIIMHHOMN IporpaMMbl. YacTHBIE IIOCTAHOBKH: BEIGOD
ONTHMAIBHOTO &ITOPHTMA JUIsl KOHKPETHOH BBIYHCIIUTENBHOM CHCTEMBI, HAXOXICHHE
HAaWIy4qlIed TOIOJIOTHH BBIYHCIMTENBHOH CHCTEMBI IS pelIeHHs OIpEeICHHOH 3amaym,
pacnapaieMBaHie CyIECTBYIOIIEro alrOPUTMA.

4.5. TexHo0ra4ecKue aceKThI pacuapa/iieJJuBaHus

JIeKoMIIO3uIMs alropuT™Ma Ha MapajUIeNIbHO HCIIOJHIEMble (pParMeHThl BHIYHCICHMIL.
Pacupenenenwe 3amammii no mpomeccopam W GanaHcupoBka. CHHXPOHM3ALMS |
B3auMOMCKITIoUeHre. Opranu3aius B3auMOAEHCTBHS.

S. Cucrempl pazspaboTKy napajiebHBIX POrpaMM

5.1. Co3ganue crienHATH3MPOBAHHBIX A3BIKOB POrPAMMMPOBAHHS

Anroputvuaeckuit 361k OKKAM. O6mas xapakrepuctuika TpancnpioTepa. Konmenmus
nporecca B OKKAM. Mertojbl KOHCTpYHPOBAaHHS arperupoBAaHHBIX IIPOLECCOB. [IPUHIHITET
nepefiayyd JaHHBIX MEXIy mpoueccamu. Ilpumep mporpamMm Ha aJrOpUTMHYECKOM SI3BIKE
OKKAM.

5.2. Pacupenue cymecTBYIOIHX SI36IKOB IPOrPaMMHPOBAHNAS

OOmiass XapakTepHCTHKA MNapaUIeNbHEIX pPACHIMPeHHil aIrOpPHTMHYECKOrO  S3BIKA
@oprpaH.  ABTOMaTH4ecKas  BEKTOPH3aIlUs o pacnapauienuBanue.  [IpobiaemHo-
OPHEHTHPOBAHHBIE KOMITHIIATOPHIL.

O6wmas xapaktepucruka crangapra OpenMP. Cosmanme napajieqbHBIX o0ONacTef.
Pazpenenue  BEMMCIUTETBHOM HAarpy3Kd MeXIy NOTOKaMHM. Pa6ora ¢ JIaHHBIMHL
Cunxponuzanust. @yHKIME U IepeMeHHBIE OKpyxeHHs. CpaBHUTENBHAS XapaKTEPHCTHKA



NIOJXOJI0B MapauIeIbHOIO IPOrpaMMHpPOBAHUSA I CUCTEM C pacHpefieieHHoH u oOIei
aMSITHIO,

5.3. PazpafoTKka cnienHaIH3NPOBAHHLIX OHOIHOTEK

Cucrema PVM. KoHuenuus mapamiensHOM BUPTYaIbHON BBIYMCIATENLHOM MAIIMHBI 1
€€ IPEJICTABJICHUE B BUJIE PacIpe/IeIEHHON HEOJHOPOIHOH CHCTEMBI KOMITBIOTEPOB.

IIpencraBnenue TNpOrpaMMHOM CHCTEMBI Ha BHPTYyalbHOM Mammbe. OCHOBHEIE
nporpaMMHbIe IpUMHTHBEI ccTeMbl PVM. IIpumep ucnosnp3oBamus.

Cucrema MPIL. OO6mas xapakrepuctuka. I[lojmepkka MOJENH B3aUMOECHCTBHUS
Mapajuie/IbHBIX BBIYMCIMTENIEH IIPY [MOMOIM Iepefadd coolmienuii. OCHOBHBIE NPOrpaMMHEIE
npuMuTHBEI cucteMbl MPIL. IIpuMep ucnonb3oBaHus.

Opranusanus BBMUCIIEHHN Ha MHOTOIIpoIeccopHoil cucreme Parsytec PowerXplorer.
Wcnonp3oBanne TEXHOJNOTHH KPOCC SMYISIHE IPU pa3pabOTKe MapauIeNbHBIX IPOrpamMM.
Konnenmust BHpPTyaNbHBIX IIPOLECCOPOB M KAaHAIOB II€peNauydl JaHHBIX. BupTyalbHbIE
TOIOJIOTMH CHCTEMBI: KOJIBIIO, JIMHEWKa, 3Be3[a, pemierka, AepeBo. OCHOBHBIE IPOrPaMMHBIE
npuMHATHBEL [IprMep UCIIONB30BaHM .

6. Ilapajule/ibHBIC YHNCJICHHbIE ANTOPUTMBI U pelleHHs THIOBBIX 3aa4
BLIYUCIHTEIbHOH MaTeMaTHKH

6.1. O6mue cnocofbl pacnapa/uIeTMBAHUA ATOPHTMOB

Beissiienne (QyHKIMOHANBHON HE3aBHCUMOCTH OT/JAEIBHBIX (DPArMEHTOB AJTOPUTMA
(mapajuienusm komanz). I'eomerpudeckoe pasjeneHue BHIMHUCICHHH (apauiein3M TaHHBIX).
Hepapxudeckas 1eKkoMIIO3uIHss 00paboTKH JaHHEBIX.

6.2. Opranuzanms NapajLIeIbHOT0 HCIIOJIHEHHS PEKYPCHBHBIX BHIMHCTCHUI

ITpoGnema pexypcHBHOU 3aBUCHMOCTH 3TanoB o6paGoTku jnanHHbIX. Kackanmas cxema.
[oxxon st mosyyeHus acMMITOTHYECKH HeHyleBol a¢dexrurocTH. Meron Oyrea. ITpumep
JUTS BBIYUCIICHNS YACTHYHBIX U 061Iei cymm.

6.3. [lapa/utensHBIe YHCICHHBIE ATOPHTMBI JHHENHHOI anredpoI

Criocobbl  pasbuenust MaTpun (FOpPH3OHTAJIbHAs, BEPTUKAIbHAS, OJOYHBEIE CXEMBI).
MeToapl BBIYMCIIEHUS TPOM3BENEHHS MATPHUI[ C HCIONBL30BAHMEM DPasHBIX CXeM pa3OHeHHs
matpull. OOGecrieyeHne IpeleibHo JOIMyCTHMOro mnapamiennsma. OOpameHue Marpwil,
[TapamienbHbBIE METOIBI PEIICHAS CHCTEM JIMHEHHBIX YPABHEHHMI.

6.4. IlapantenbHpie 4YHCACHHBIE AJArOPUTMbI pemends uddepennuanbHBIX
YPABHEHMIl B YACTHBIX IIPOH3BOIHBIX

[lapannensHas  peanu3anus NOPSMBEIX M HTEPAIMOHHBIX  METOJOB  PEIIEHHUS
mupdepeHmanbHbIX ypaBHEHHH B YaCTHBIX NPOM3BOAHBIX. AHANU3 Pa3HOCTHEIX CXeM UL
3¢ dexTHBHOTO pa3zieNeH s 00JaCTH ONpPEeEIICHIS PEMAeMBIX 3a/1a4.

6.5. MapaanenbHble YHC/ICHHBIE AJTOPHTMBI MHOTOMEPHONH MHOT0IKCTpeMaIhLHOi
ONTHMH3AIHH

XapakTepuCTHYECKasi CXeMa IPEeACTABIEHHs METOAOB II0OalbHOrO Imoucka. O6mmit
NPUHIHMI pacmapauieyaBanus MeTonoB. OmeHka 3(@(eKTHBHOCTH BBEIEHUS NapaIeIM3Ma;
3QdexTuBHOCTE U 6€3b130BITOUHOCTS. CHHXPOHHBIC M ACHHXPOHHBIE BAPHAHTEI AITOPHTMOB.
Onpeenennie HAMTYYIIAX TOIOJIOTHH BEIYACIATENLHON CUCTEMBI ISl PEalU3allil METO/IOB.

JIABOPATOPHBIE PABOTbI

1. PaspafoTka mapa/uIeJbHBIX NPOrpaMM ¢ HCHOOJIbL30OBaHHEM uHTepdeiica
nepeaayn coodmennii MPI

Munu-MPI (crapr, punu, neperada u mprueM coOoOINEHHH).



llpumep 1: Hawanenas mnapamienbHas nporpamma (me4aTh HACHTH(HKATOPOB
NPOLECCOB) - 3allycK (JOKaIBHBINM, pachpeneneHnsii). OlEHKa BPEMEHH BbIIOIHEHHS
IIPOTPaMMBbI, CHHXPOHH3ALHs], KOJUIEKTUBHEIE OIIEPaIliH.

IIpumep 2: YmMcieHHOE HHTEIPHPOBAHME- CO3MAHHME MPOEKTA HA OCHOBE T'OTOBOTO
HCXOJTHOTO TEKCTa IIPOrPaMMBbl, HACTPOMKA OIIN, KOMITUJISIIUS, 3aITyCK.

[Ipumep 3: CxanspHoe Ipou3BeCHHE BEKTOPOB (CaMOCTOATENbHOE 3a1aHue 1).

2. IlpaxTKyM no pa3pafoTKe NMAPALIEAbHBIX AJTOPUTMOB H TNPOrpamMm st
pemenns 3a1a4 BbIYHCAHTEIBLHOI MAaTeMATHKH

0O630p bubmorexn MPI: ycranoBka, HacTpoiika, cxema QyHKIMOHHPOBAHUS.

[Ipumep 4: Pemenwe 3amauy pacrnozHaBaHust 0OpasoB (BBEINONHEHHE 3aJaHMS TIOJ
PYKOBOJICTBOM IIPETIOIABATENS ).

IIpumep 5. YMuOKeHHE MATPHIL, ICHTOYHBI aIrOPHTM (CaMOCTOSTENFHOE 3aaHue 2).

IIpumep 6. YMuONKeHHEe MaTpHIL, GIOUHBIE CXEMBI paclpe/eNe s NaHHBIX (AITOPATMEL
®oxca u Kennona).

3. IIpakTHKYM 110 WCIIO/IB30BAHUIO OMOIMOTEK NAapa/LIeIbHBIX MeroxoB ParaLib
JUIsl peIeHus 3829 BhIMHC/IHTETbHOM

O630p Oubimmorexku Paralib: Hasmauenwe, Kiaccel pemaeMblX 3a1ad, MPHHIHIEL
pa3paboTku.

llpumep 7. @ynxumm Oubnuoreku Paralib st yMHOXeEHHS MATpHMIl HpH OJIOYHOM
ciocode pacnpezenenus maHHeX” (anmroputMbel ®oxca w KeHHOHA): cXema peanu3alui,
TE€OpETUYIeCcKas OLeHKa 3G (HEeKTHBHOCTH, BEIYHCIIHUTENBHEIE SKCIIEPHMEHTEL.

AHanus MHTEHCHBHOCTH IIOTOKOB Ie€pefayd JaHHBIX, OCYIIECTBIAEMBIX B XOIE
NapajuieTbHbIX BBIMUCIICHHMA B CHCTEMax C paclpeieIeHHOW MaMSTHIO, ¢ MCIOJIb30BAHHEM
HHCTPYMEHTaNbHOM Oubimuorexu ParaScope.

4. IlpakTukym no ouenke 3(p(HeKTHBHOCTH NAPAIETLHBIX METOJO0B IS PA3HBIX
TOTOJIOrHii MHOTONIPONECCOPHBIX BHIYHCIUTENLHBIX CHCTEM

XapaxTepucTrKa HporpaMmHoii Jlaboparopuu Paral.ab kxak MHTErpMpOBAHHON CHCTEMBI
JUISL TIDOBEJICHHS BBIYMCITHTEIBHBIX DKCIEPHMEHTOB ¢ NMapaUle/IbHEIME METOAMH IS OLCHKH
ux 3¢ GeKTHBHOCTH:

* MozenupoBanue MHOTONPOLECCOPHBIX BBIYUCIUTEIBHBIX CHCTEM (BBIOOP TOMOJOTHH,
3a/laHie KOJTMYECTBA U IPOM3BOAUTENILHOCTH IPOIIECCOPOB, BEIOOP METO/Ia Nepeiaus JAHHBIX U
3a/laHie KOMMYHHMKAIIHOHHBIX XapaKTePUCTHK CETH),

*  Onpenenenre Kiacca pelaeMblx 3a/a4 ¥ 3a/[aHue apaMeTpoB 3a1auH,

¢ Bribop mapajienbHOro MeTo/1a PENIeHHs 3a/1aui M HACTPOMKA 3HAYEHHUI ero IapaMeTpoB,

e VYcraHoBKa rpauuecKuX MHAMKATOPOB JUIS HAONIOJACHUS 3a IIPOIECCOM MapaslIeNbHBIX
BEIYHCIICHUI (COCTOSIHUE JIAHHBIX HA NPOLECCOPAX CHCTEMBI, Iepeiadya HH(OOPMAIHH II0 CETH,
TEKYILas OLEHKa PEIIEHHs] HCXOIHON BEIYUCIIUTENBHOM 3a/1a9n),

o [Ilposesenue oSKCHEPUMEHTOB B peXHME HMHTANMH  BBIUACICHHIl, I[OIIArOBbIA,
TIOCJICIOBATEIBHBIA  (HENPEPBIBHBIN) M IUKIHYCCKHH (CepuifHBIN) crmocoGbl IPOBECHUS
9KCNIEPUMEHTOB; OJHOBPEMEHHOE BBINOJIHEHHE HECKONBKUX OKCIIEPHMEHTOB B  PEXHME
Pa3JieNiCHus. BPEMEHH [UIA pPa3sHBIX BAapPHAHTOB TOMOJOTHH BBIYKCIUTEILHON CHCTEMBI,
apaMeTpoB 3a/la4d, KOJINYECTBA MPOIECCOPOB | T.II.,

® AHAIM3 Pe3y/IbTaTOB C MCIOJB30BAHUEM CBEICHHM M3 JKypHala SKCIEPHMEHTOB; OLEHKA
BPEMEHM PCIICHHS 33/la¥ B 3aBUCUMOCTH OT PasMEPHOCTH 3a[a4l ¥ KOJMYECTBA MPOLECCOPOB;
MOCTPOCHHUE 3aBUCHMOCTEH yCKOPEHHUS U 9 (PEKTHBHOCTH IapauIeIbHbIX BEIYUCICHHUI,



e [lpoBeneHne OSKCIEPUMEHTOB B DPEXUME pealbHBIX IApalIeNbHBIX  BBIYMCIICHUIA;
BBIIIOJIHEHHE TapaJlIEIbHBIX NIPOrPpaMM B BUJIE MHOJKECTBA HE3aBUCHMEIX IPOIECCOB HA OJHOM
mporeccope; yaIaleHHBIA JOCTYII K MHOTOIIPOIECCOPHOM BEIMUCIUTENLHON cUcTeMe (KIacTepy);
CPaBHEHHE TEOPETHYCCKUX OLIEHOK M PE3YIBTaTOB PEANIbHBIX BEIYMCITUTENHHBIX SKCIIEPUMEHTOB.

S. PaspaboTka mapa/uieJbHBIX IPOrpaMM ¢ HCII0JIb30BAHHEM TexHoorun OpenMP

O6mas xapakrepuctuka TexHoysormd OpenMP: moToku, mapawienbHble 001acTH,
pacnpeeneHie BIYUCICHUN MEX Ty TOTOKaMH,

[Tpumep 8: CxanspHoe Npou3BEACHHE BEKTOPOB. I'JI0OAIBLHBIE M JIOKAIBHBIE JAHHBIC
0TOKOB. KpuTHYECKHE CEKIIMU JOCTYNA K pa3JienseMbiM TaHHbIM, CHHXPOHU3AIIN.

ITpumep 9. YMmHOXeHHE MaTpull (BapHaHTHI paclapaUIcUBaHUS BIOKEHHBIX IUKIIOB,
CaMOCTOSTENLHOE 3aaHue 3).

6. IIpakTHKyM no pa3pa0oTKe Napa/jieJbHBIX AJIrOPATMOB M IPOrpPaMM st
pemeHus 32124 BLIMHCIUTETLHOM MaTeMATHKH

IIpumep 10. IlapannensHas COPTHPOBKA: AITOPHTMBI IY3BIPHKOBON COPTHPOBKH,
coprupoBku Illenma m OBICTPOll COPTHPOBKU (BBHINOJIHEHWE 3aJ@HUS IOJ PYKOBOACTBOM
HperoaaBareris).

IIpumep 11. 3amaunm oOpaborku rpad)oB: MOCTPOCHUE MHHUMAILHOIO OXBATHIBAIOIIETO
IiepeBa, MOMCK KpaT4ailiux myTei (caMocTosTebHOE 3adaHue 4)

7. IIpakTHKYyM @0 MeTOAaM Napa/UIeJIbHBIX BBIYACACHMIA IS  pemeHus
nupdepeHnmaIbHBIX YPaBHEHUH B YACTHBIX IPOU3BOHBIX

O6mas XapakTepHCTHKa METOIOM KOHEYHBIX PasHOCTel (METOM CETOK) Ul YHCITIEHHOTO
pemenus qudQepeHInalIbHEIX YPaBHEHHIHA,

MeTtoapl pacnapajieMBaHHS METOJa KOHEYHBIX pasHOCTeH JUI BEIYHCIUTENHHBIX
CHCTeM ¢ oOulel maMsaTeio (OpraHM3alus B3aUMOMCKIIOYECHHS JUIS OIEHKHM IOTPEHIHOCTH
pelenys, u30BITOK CHHXPOHM3alMK, NpoblieMa CepuaiM3aluud U OIOKUPOBKH, obecredeHue
TOXIECTBEHHOCTH IOCJIEIOBATEIBHOTO M IIapaljIeIbHOTO BapPHAHTOB PACYETOB, BOJHOBEHIE
CXEMBI BBIYHCJICHHH, OJI0YHas cXema paclpeleieHnus AaHHBIX, GalaHCHPOBKA, MCIIOIH30BAHUE
ouepes 3afjaHuif).

Meroxpl pacnapaulelMBaHHs METOJa KOHEYHBIX PA3HOCTEH JUI BBIYHCIUTENBHBIX
CHCTEM C paclpeleNeHHOM MamMAThIO (JEHTO4YHas M GJIOYHAs CXeMbl paclpeeeHus JaHHbIX,
BOJIHOBBIE CXE€MBI BEIYUCIICHHH, OIIEHKA TPYJOEMKOCTH TTepeladt JIaHHBIX).

[IpakTukyM 1o pemenuio aud@epeHIuanbHbIX YpaBHEHNH B YaCTHBIX IIPOU3BOJIHBIX C
MCIIOJIb30BaHMeM  ydeOHO-HccieioBaTebekoil  cucreMsl  ParaGrid — (mocrasmoBka — 3ajiaum,
BBIMOJIHEHHAE BHIYMCIICHUH, BU3yalns3alus NaHHbIX, aHAN3 PE3yJbTATOB PAcUyeTOB, U3MEHEHHUE
[MapaMeTPOB H IIPOJOJIKEHAE BBIYACICHUM).

8. IIpakTHKyM IO HCHOJIB30BAHMI0O OUOJHOTEK NAPAICILHBIX METOI0B s
peleHHs CI0KHBIX HAYYHO-TEXHHYECKHX 32124

0630p 6ubmorexkun PLAPACK: ctpykTypa, 00BeKThl, METOABI, HCToIb30Banue. [Ipamep
12: VYmuoxenue wMatpuil - wucmnoiaszoBanue PLAPACK (BBITOJTHEHWE  3aJlaHUs  ITOJ
PYKOBOJICTBOM IIPETIOAABATENIS).

9. IlpakTHKYM 10 MeTOJAaM NAPAJLIENBHBIX BBIYMC/ACHWI JIs pelleHHs 33124
MHOIOMEPHOH MHOI'0IKCTPEMATbHOH ONTHMU3AMH

OOmas xapakTepucTHKa NpeaMeTHOM o6acti (IIOCTAHOBKA 3ajauM  TI06ambHOM
ONTUMM3ALMH, PEIYKIUSA pPasMEPHOCTH IS CBEJECHMS MHOTOMEPHBIX 33Ja4 K OJHOMEPHBIM
II0CTaHOBKaM, HH(POPMAMOHHO-CTATHCTHYCCKHE AITOPUTMEI II0OATBEHOTO IIOUCKA, TPHMEPH).



Hcnonp3oBaHHE MHOXKECTBEHHBIX pa3BepTOK THHa KpuBoit [leaHo Juisi mocTpoeHHs
Pa3MYHBIX CEeTOK B OOMAacTH peleHWsl ONTUMU3ANMOHHON 3amauyn. CBeaeHue NpobIIEMBI
MHOTOMEPHOH ONTHMH3ALUK K CEMEHCTBY OZHOMEPHBIX WH(POPMAIIHOHHO-COBMECTHMBIX 3a/1aY.
[lapasiensHOE pellleHre 3a1ad HOPOXKIAeMOro ceMeiicTBa i cXxeMa HH(POPMaLMOHHBIX 00MEHOB.

OGmHOCTE PacCMOTPEHHOTO MOJXO0Aa IS PEIICHUS PAA BHIYMCIUTEIBHO-TPYI0EMKHX
Hay4YHO-TEXHAYECKHX 3a/ay (MHTErpHpOBAHHE, PEIICHHE CHCTEM HEJMHEHHBIX YpaBHEHWId,
BOCCTAHOBJICHHE 3aBHCHMOCTEH, IIOMCK pELICHHH, ONTHMAIBHBEIX 1O Ha0Opy KpHTEpHEB
(MHOrOKpUTEpHATbHAS ONITHMHU3AINA) | T.1I.).

[TpakTHKyM [0 pEeIICHHIO 33184 MHOIO3KCTPEMabHOM ONTHMH3AIMH C UCIIOIE30BAHHEM
CHCTEMBI ITapaUIeIbHBIX BEIYMCICHUNH AOcomor OkcmepT (MOCTAHOBKa 3aJauM, BBITOJHEHUE
BBIUHMCJICHUH, BU3yallH3aLysl JJaHHBIX, aHAJIU3 Pe3yTbTaTOB PacueToOB, U3MEHEHHE [ApaMeTPOB U
IPOJIOJDKCHUE BBIYHCIICHUI ).

S. OBPA3OBATEJIBHBIE TEXHOJIOT'YHA

® ICKIIMOHHO-CEMHHApCKast cucteMa oOO0ydeHMs (TpalWLMOHHBIE JIGKIIMOHHBIE U
nabopaTopHbIe 3aHATHA);

e 00yueHME B MAJIBIX IPyIIIax (BBIIONHEHHE Ja00OPAaTOPHBIX paboT B rpyMIax U3 JByX WK
TpEX YeJIOBEK);

® MacTep-KJIacchl (JEMOHCTpalus Ha 1TabOpaTOpPHBIX 3aHATUSX NPHHIMIOB pacdyera H
IIPOEKTHPOBAHMS ONITUYECKUX ACTAICH U ONTHYCCKUX CHUCTEM);

®[IDUMEHEHUE MYJLTUMEMA TEXHOIOTHH (IPOBEHCHUE JIEKIHOHHBIX 3aHATHH ¢
IPUMEHEHUEM KOMIBIOTEPHBIX IIPE3CHTAlMd M JEMOHCTPAIHOHHBIX POJHKOB € IIOMOIIEIO
npoekTopa unu 9BM);

® MH(QOPMAIOHHO-KOMMYHHKAIIMOHHBIE TEXHOJOTHH (TIPUMEHEeHHe HHPOPMAIIMOHHEIX
TEXHOJIOTUH JUIs MOHUTOPHHTA TEKYIIEH YCIeBAEMOCTH CTYACHTOB M KOHTPOJIS 3HAHHIA).

6. ONEHOYHBIE CPEACTBA ISl TEKYIIEI'O KOHTPOJISA
YCHEBAEMOCTH, IPOMEXKYTOYHOM ATTECTAIIMH IO UTOT'AM
OCBOEHMS JUCIHUIIIMHBI U YYHEBHO-METOIUYECKOE
OBECIIEYEHUE CAMOCTOSITEJBHOM PABOTBI CTYJIEHTOB

a) Borpoch! K peHTHHr-KOHTPOJIIO:
Peiimune-xonmpons Nel

1. CISC- u RISC-npouieccoprr. OcnoBubie uepTsl RISC- apXuTeKTypEL.

2. IloBbImenne NpPOM3BOJUTENHHOCTH MPOIECCOPOB 3a CUET KOHBeiepusanuu. YCIIOBHS
ONTHMAJBHOrO (hYHKIIMOHUPOBAHHS KOHBeWepa.

3. CynepxoHBeifepHble H  CymepcKalspHble IMPOIECCOpPHl.  BhijejieHHe  HE3aBHCHMO
paboraromux ycrpoiicrs: IU, FPU, MMU, BU.

4. Meronpl  yMEHBINEHHs  HETaTUBHOTO  BIMSHAS ~ HWHCTPYKIMH  mepexofa  Ha
IPOU3BOAUTENHEHOCTD IIpoIeccopa.

5. IloBelmieHre NPOM3BOAUTENHHOCTH IIPOLECCOPOB 38 CUET BBEIESHHS KoUI-amaTd. Komm:
eMHBIH, ["apBapickuil, ¢ mpsMoii 3anuchio, ¢ 00paTHOHM 3aMHChIO.

6. Opranusanys KdII-TaMATH. AJTOPHTMBL 3aMe€Hbl JAHHBIX B Kowl-namsatd. CrernuaabHble
KOLIH.

7. CornacoBaHuUe K3IIEH B MyJIBTHIIPOIIECCOPHBIX CHCTEMAX ¢ OOIIEH IIaMsThIO,
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By/1bI MHOTOTIPOILIECCOPHBIX APXUTEKTYP.
[Tomepikka MHOT03aJaYHOCTH W MHOTOIIPOLECCOPHOCTH CIEIMANBHBIME HHCTPYKIMSAME
npoueccopa. Opranuzaiys JaHHBIX BO BHEIIHEH aMATH.
IIporpamma, mnponeccop, mnpouecc. OCHOBHBIE COCTABJIAIONLIME MPOIECCA, COCTOSHUS
nponecca. CTek, BAPTyaibHas NaMATh, MEXaHU3MbI TPAHCISIUH aJ[peca.
MexanusMbl B3auMozelicTBHS TponeccoB. Pasjensemas mamsrth, ceMadOpsl, CHTHAIEI,
[OYTOBBIE SAIMMKM, coObiTHs. 3amaum (threads). CpaBHeHuwe c¢ mporeccamu. Pecypcsl,
npuoputersl. [lapamnensusle npoueccel. Ces3piBanue. CTaTHUecKoe W JIHHAMHYECKOE
CBSI3BIBAHUE.
Buner pecypcoB: anmaparHble, IpOrpaMMHbEIC, aKTHBHBIE, ITACCHBHBIE, JIOKAIBHEIE,
pasfiensieMble, IIOCTOSHHBIE, BPEMEHHBIE, HEKPHTHYHBIC, KDUTHYHEIC,

Petimune-xonmpono Ne2
Tuner B3auMOJEMCTBUS IIPOLECCOB: COTPYAHUYAIONIAE M KOHKYPHPYIOIIHE IIPOIECCEL
Kputnueckue cexium, B3auMHOE UCKITIOYEHHE ITPOIIECCOB (3a1a4).
IIpoGiiemel, BO3HUKAIOMuUE IPA CHHXPOHU3AINY 33/1a4 ¥ UICH UX pa3peleHus.
CocrosiHus ponecca U MEXaHU3MBbI IIEPEX0a U3 OJIHOTO COCTOSIHUS B JIPYTOE.
Cranmaptel Ha UNIX-cHUcTeMBL
Ynpaenenue nponeccamu. @ynkmuu fork, execl, execv, waitpid. ITpumeps! ucnons30BaHus.
PaGora ¢ curnanamu. @ynxnus signal. IIpumep ucnonszosanus.
Paznensemas namstb. @ynkmun shmget, shmat, shmetl. ITpumepst ucnonssosanus.
Cemadopsl. @ynxnuu semget. semop, semctl. [IpuMepr1 HCIOIB30BAHMS.
CoOprrusa. IlpumutuBHbBIEe onepanuu. OpraHusanus B3aMMOJIEHCTBHS KIMEHT- CEPBEP C
IIOMOIIBEIO COOBITHIA.

.Ouepenu  coobmenuit. @ynknum msgget, msgsnd, msgrev, msgetl. I[Tpumeps:

HCIIOJIb30BaHHS.
Ynpasnenue 3anavamu (threads). ®ymxumm pthread create, pthread.join, sched.yield.
[Ipumeps! ucnoas30BaHuUsL.
OGnbexTe! cuaxponu3anuu THIa mutex. Oyuknuu pthread mutex_init, pthread mutex lock,
pthread mutex trylock,  pthread mutex unlock, pthread mutex destroy. IIpumepsi
MCIOJIb30BAHUS.
O6nbexTs! cuEXpoHm3anuy THHA condvar, @yrxiun pthread cond init, pthread cond signal,
pthread_cond_broadcast, pthread cond wait, pthread_cond_destroy. [Tpumeps
UCIIOIE30BAHUS.
[Tpumep multithread-riporpaMMBl yMHOXKEHHST MaTPHIIBI HA BEKTOP.

Peiimune-xonmpons No3
Message Passing Interface (MPI). O6mas crpykrypa MPI-nporpammel. @yukiun MPI_Init,
MPI Finalize. CooOmieHust 1 uX BHIEL
KommyHuKaTOpHL. @yuxknpn ~ MPI_Comm_size, MPI_Comm_rank. [Tpumepsr
HCIIOJIb30BAHMS.
[lomapueii  obmen cooOmenusamu. -@Pynkmuu MPI Send, MPI_Recv. Ilpumepsr
UCIIONIE30BaHUA.
Onepanuu BBoga-seiBosia B MPI-niporpammax. ITpumepsl.
JlomonHUTENbHBIE BO3MOJKHOCTH JUIS TIONMApHOro of6MeHa coobmeHusmu. DyHxnuu
MPI_Sendrecv, MPI_Sendrecv_replace.
JlonoHUTEIbHBIE BO3MOMKHOCTH JUIS IOmapHoro obmeHa coobmenusmu, @yHKIUNU
MPI_Isend, MPI_Irecv, MPI_Test, MPI Testany, MPI Wait, MPI Waitany
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Komnexrususlit o6Men coobmenusvu. Oynkimu MPI_Barrier, MPI_Abort, MPI_Bcast.
KomnexkruBuelii obmen  cooOmenusiMu. @Dyaknuun  MPI Reduce, MPI Allreduce,
MPI_Op_create, MPI_Op_free. Ilpumep MPI-nporpamMmsl, BEMHUCISIOMIEH ONpeeIeHHbIH
UHTErpail.
Bpems B MPI-nporpammax. @yukuuu MPI. Wtime, MPI Wtick. ITpumep ucnosnb3oBaHus.
ITpumep MPI-niporpaMmbl yMHOXEHHS MATPUIIBI HA BEKTOP.
JlonoIHATEIbHBIE BO3MOXKHOCTH 111 KOJUIEKTHBHOTO 0OMEHa MacCHBaMu JTaHHBIX. DyHKInm
MPI_Gather, MPI_Allgather, MPI_Scatter,
ITepecbiika cTpykTyp JnaHHBIX. Co3nanue HoBoro MPI-THma HaHHBIX C  [TOMOIIBIO
MPI_Type_struct. @ynxmun MPI_Address, MPI Type commit, MPI Type free. ITpumep
UCIIONIb30BAHUS.

0) Dx3aMeHaNHOHHBIE 3aJaYH:
Hanumwure mnporpamMmy, HCHOib3ys ONOKUpYIOIIME KOMMYHHKAIIMOHHBIE (QYHKIUH
(MPI_Send, MPI_Recv), peanusyiomyo cneayroommii alropuTM: Ha HYJIEBOM MPOLECCOpE
vMHUnManusupyercs nepemennad (float a); HyneBo# mpomeccop pacchuiaeT NMEpeMEHHYIO a
BCEM IpoIeccCOpaM, BKIIOYAs camMoro ce0s; Iocie IIOJIydeHMS IEepeMEeHHOH a Bce
IpOIeccopsl MPUOABIAIOT K HEW CBOM WMHIMBHIYaJIbHBIM HOMEP M IEPENaroT Ha HyJEBOM
MPOLECCOpP; HYJIEBOM MpPOLIECCOp INOJYYaeT OT BCEX IPOIECCOPOB JAHHBIC W BHIBOAUT Ha
9KpaH B (popmare: HOMEp IpoIeccopa, NepecIaHHOe UM 3HAYCHHE IEPEMEHHOM a.
Hanumure nporpamMmy, HcHoone3ys OJNOKHpYIOIIHE KOMMYHHKAIIMOHHBIE —(DYHKIHH
(MPI_Send, MPI_Recv), peanusylolylo ajiropuT™ Iepefaddl HaHHBIX M0 KOJBILY:
OYEPEJHONW MPOLECCOp JOXNKMIAETCS COOOIIEHHS OT IPEIBIAYHIEro W IIOTOM IOCHUIAET
CJIE/IyIONIEMY TIPOLECCY.
Hanummre nporpammy, ucroib3ys kKoMMmyHuKanponnsie Gyuknuu (MPI Isend, MPI Irecv),
TIIepearoILy 0 IBYMEPHBIA MaCcCHB MEXIY ABYMSI IPOIIECCOPAMH.
Hanumure mnporpammy, HcHons3ys KoMMyHuKanuouHyio dyunknuio (MPI_Sendrecv),
PEaU3YIONIYI0 aJITOPUTM TEPEeIau JaHHBIX 10 KOJIbIly: OYEepEIHOI IPOoIIeccop TOKUIAETCS
COOOIEHMs OT IPEABIAYIIETO ¥ IIOTOM HOCHLIACT CIIEAYIOIIEMY IIPOLIECCY.

B) lIpumepHbIe TEMBI KYPCOBBIX padoT:
Yucnennoe pemenwe cpeacrsamu MPI/OpenMP nBymepHOro HenMHENWHOro ypaBHEHUS
TENIONPOBOJHOCTH METOIOM IIPOIOJIBHO-IIONEPEIHOM IIPOrOHKH
Yucnennoe pemenme cpencrsamu MPI/OpenMP nBymepHOro HeIMHEWHOTo ypaBHEHHS
TEIUIOIPOBOJHOCTH C IIOMOIIBIO CXEMbI PACIIEIIICHHS
Yucnennoe pemenue cpexcrBamu MPI/OpenMP 1ByMepHOro HeJIMHEHRHOIO ypaBHEHHS
TEIIONPOBOAHOCTH € TIOMOIIBIO CXEMBI IIPETUKTOP-KOPPEKTOP
Yucnennoe pemenue cpeactBaMa MPI/OpenMP TpexMepHOro JHMHEWHOrO ypaBHEHHS
TEIUIONPOBOJAHOCTH € TIOMOIIBIO SBHOM Pa3HOCTHON CXEMBI
Yucnennoe pemenne cpencrBaMu MPI/OpenMP nBymepnoro ypasuenus Ilyaccona
HTepalMOHHBIM METOIOM 3eii e
Yucnennoe pemenne cpexncrBaMu MPI/OpenMP nBymepHoro ypasuenus Ilyaccona
METOZOM OIOYHBIX HTepalHif
Mopnemuposanre cpencrBamu MPI/OpenMP mporiecca B3auMoeiCTBHS TBEPILIX YaCTHIL C
TIOTOKOM rasa
Yucnennoe pemeHue cpencrteamu MPI/OpenMP ssymepHOro ypaBHEHHS ITEpeHOCA
Brruncnenue panra mpou3BosibHON MaTpuils! cpeacrsamu MPI/OpenMP



10. MogemapoBanue cpencrBamu MPI/OpenMP mpomecca IpOXOKIeHHS HEHTPOHOB Hepes

ITaCTUHY

r) CamocrosiTe/ibHasg padoTa CTYAEHTOB:
1. IMoaroToBka K TEKyIeMy KOHTPOJIO ¥ IPOMEXKYTOYHON aTTEeCTAIlAH.
2. TloxroroBka K 1abopaTopHBIM paboTam M 0QOpMIIEHHE OTYETOB IO PE3yIbTaTaM
U3 BBIIONHEHHS. KOHTpONB OCYIIECTBIsSETCS Ha 3aHATHAX B BHUJIE YCTHBIX OTBETOB Ha
BOIPOCHI IPETIOaBaTels 110 COAEPIKAHUIO OTHETa.
3. Palora c [AOMONHWUTENHHOM JMTEPaTypoil IO BONIpPOCAaM, BHIHECEHHBIM Ha
camocTosTeNnbHoe u3yyeHue. KoHTpob ocyliecTBisgeTcs Ha SK3aMeHe.,

1

2)
3)
4)
5)
6)
7
8)
9

JocrouncTsa u Heoctatkn SMP- 1 MPP- apxuTeKTyp BEIMUCIHTEIBHBIX
CHCTEM.

Otiuune MOHATHIA IPOIecca U IMOTOKA B ONEPAIIMOHHEIX CHCTEMAX.
ITpoGeMbl CHHXPOHU3ALHUH 3a/]a4 TIPH HapaJUIEIbHOM IIPOrPaMMHAPOBAHKH,
Cranpapt OpenMP. Haznauenwue.

CymectByromue peanusanuu crangapra MPL

ITpoTokonsl 0OMeHa JaHHEIMU MEXLY IPOLECCAMH.

Hcnons3osanue yrmmtsl MPIRun.

Otnanxa napauiesibHbIX TPHITOKEHHUH,

Merouxa oneHkH 3)GEKTUBHOCTH BEIYHCIIEHHIH.

10) Peanusanus MaTpu4HBIX aJIrOPHTMOB cpencTtBamu MPI
11) Pacnpenenennoe perenue qudphepeHIHaIbHbIX YPABHEHHI.

P&CH]JCJIGJ'IGHHC BHIOB CaMOCTOSTEIIBHOM paGOTLI 110 pasaciiaM JHCIHILIUHBI:

Ne Bung CPC
Pasnen pucuumninue:
/i (1) @) (3)
1 Llenu v 3agaun mapauIeNbHOM 00paboTKH 2 . 4
" | DaHHBIX
5 [TpuHUIUIIBI TOCTPOCHHUS MapalIeIbHBIX 4 _ 5
" | BEIYHCIUTEILHBIX CHCTEM
3 Mopenu napainenbHpIX BEMHCIATEIBHBIX 4 6 6
" | cucrem
4 [TpunaIuner pazpaboTKH napauie/ibHbIX 4 4 6
" | aIrOpUTMOB M IIPOrpamMM
5 Cucrems! pa3paboTKu napauieIbHBIX 6 & 8
" | mporpaMm
[TapannensHBIe YUCIIEHHBIE AJITOPHTMBI
6. | Ui pellicHHs TUIIOBBIX 3aa4 6 6 12
BBIYHCIIMTENBEHON MaTeMaTHKH
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7. YYUEBHO-METOMYECKOE H HH®OPMALIMOHHOE OBECIIEYEHUE
JTUCLHAILIAHBI

a) OCHOBHAS JINTEPaTypa
1. Anrtonos, Anexcarap CepreeBud. TeXHOJIOIHH TapAUIECIBHOTO MporpaMmMupoBanys MPI
1 OpenMP : yue6Hoe nocobue 11 By30B 1o Hanpasienusm 010400 "TIpukinaasas MaTeMaTHka
u unpopmaruka" u 010300 "dyngamentamsHas wuHPOpPMAaTHKA W HHMOPMAIMOHHBIE
texnostorun" / A. C. AHTOHOB; MOCKOBCKHII rOCYapCTBEHHBIN yHMBEpcHTEeT MMeHH M. B.
Jlomonocosa (MI'Y) ; aBT. mpenuci. B. A. Cagorurunii— Mocksa : MOCKOBCKHIT yHUBEPCHTET
(MI'Y), 2012 .— 339 c.: un. — (CynepxoMubioTeprHoe 0OpasoBanue) .— bubmmorp.: ¢. 333-334
— ISBN 978-5-211-06343-3.
2: OcHOBEI TapasIeIBHOTO NPOrpaMMUpOBanus [nekTponnsiii pecype] / Boraués K.IO. -
M.: BUHOM, 2013.
3. ®enoros M.E. Moxenu mapasienbHOTO IPOrpaMMHUpPOBaHuS [DJIEKTPOHHBIN pecype]/
®enoroB U.E.— Onextpown. TekcroBeie ganusie.— M.: COJIOH-TIPECC, 2012.— 384 c.
4. [Mapannensnoe mporpammuposanne Ha C++ B jefictBum. Ilpaktuka paspaGoTku
MHOTOMOTOYHBIX IIpOrpamMm [DneKTpoHHbIH pecype] / Dutonu Yunssame ; [lep. ¢ anrn. CIuHKuE
A.A. - M. : IMK Ilpecc, 2012,
0) JomoOMHUTE/ILHAS JINTEPATYpAa:
Kymukos W.M. Texnonornn pa3paGoTKu mporpamMMHoro obecrmedeHHus JuIs
MaTeMaTH4ecKoro MOJeNupoBaHus ¢uinmdeckux mporeccoB. Yacte 1. Mcmons3oBanue
CYNEPKOMIILIOTEPOB, OCHALICHHBIX TIPapUUECKHMH YCKOPUTEISIMU [DIEKTPOHHEIA pecype]:
yuebuoe mocobue/ Kymukor M.M.— OnexrpoH. TekcToBhle maHHbIe,— HoOBOCHOMPCK:
HoBocubupcknii rocyiapcTBeHHBIN TexHU4ecKuit yausepeutet, 2013.— 40 c.

2 Mogenu pacrpeneneHnpIX BeIMHCIEHUH [Dnekrponusiii pecype] / Tomopkos B.B. - M. :
OU3SMATIINT, 2011.
i A Texuonmorns CUDA B npumepax: BBeJeHHE B [POrpaMMHpPOBaHHE TI'padUIecKux

npoueccopos [AnexrporHsiit pecype] / Carnepe k., Ksrapor D. - M. : JIMK Ilpecc, 2011.

B) IIporpammuoe obecriedenne n urepHer-pecypeni:

L. JIabopartopus [NapannensHBIX MH()OPMALTUOHHBIX TEXHOJIOTHH Hay4no-
MCCIIE0BATENECKOTO BEIMUCIHTENBHOTO IIeHTpa 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 Opurunansi crangapra MPI: http://www.mpi-forum.org/docs/docs.html.

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE AU CHUATLIMHEI

JlexuoHHbIE ayANTOPHH, OCHAIIEHHBIE NOCKOM (VIS MENa MM MapKepa), SKPaHOM JUIS
IPOEKIMOHHBIX CHCTEM, IPOSKTOPOM ¥ HOYTOYKOM.

AyIaTopuu JUIs NPOBEJECHHS 3aHATHU, OCHAIIEHHBIE COBPEMEHHBIMH IEPCOHATLHBIMU
KOMIIBIOTEpaMH, 00HEIMHEHHBIME B JIOKAJIBHYIO BEIYHCIIHTENBHYIO CETh U YKOMILIEKTOBAHHBIMH
HEeOoOXOIMMBIM CHCTEMHBIM M IPHKJIaHBIM IPOrPaMMHEIM 0GeCcIIeueHHEM.
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