‘ |
MuHycTepCeTBO HAYKH H BBIcIIero o6pasoanns Poccniickoii Penepaumn
denepansHOE TOCYHapCTBEHHOE OroKeTHOE o6pa30‘BaTenLHoe YUpEKICHUE
| BBICIIIEI'0 0OpasoBaHust |
«BiaagumMuapcKuii rocyapeTBeHHbIil YHUBEPCHTET
uvenn Agexcanapa I'puropsesnua u Huxonas I'paropbeBrua CToJETOBLIX»
(Bar'y)

I/IHCTPITVT IPHKIATHOH MaTEeMaTHIH, CbHSI/IKH_ H HHd)OI}MaTHKH
(HanmMeHoBaHWe HHCTHTYTA)

YTBEPXJIAIO:

K.C. Xoprkos

A 2021 r.

PABOYAS TIPOI'PAMMA JUCTIUTIJIMHBI
HAPAJLIEJLHOE TPOTPAMMWPOBAHUE ¥ OCHOBBI CYINEPKOMIILIOTEPHBIX TEXHO.JIOFPIM

(HaMMEHOBaHUE AUCIUTLIMHEI)

HaHpaBJIeHl/le MOATr0TOBKH / cHeNHATLHOCTD

02.03.03 MaremaTuyeckoe oGeciedeHHe U aIMAHECTPHPOBAHAE UH(POPMAIMOHHEIX CHCTEM
| (xonm n HQ(HMCHOBaHHe HanpaBJIEHHs OATOTOBKHY (CIEIHAIBLHOCTH))

HaI*paBJleHHOCTL (mpodnan) moarorosku

[IpoexTHpoBaHye U 3aIMUTa HHPOPMAIHOHHBIX CHCTEM H 643 JaHHLIX
(HanpassieHHOCTE (MPOQHIIL) HOATOTOBKH)

r. Bnagumup
I'om 2021



1. ﬁEJII/I OCBOEHUA JTUCIIUTLINHBbI

HCJ’IB OCBOCHHSA TUCHHIIJIMHBI — H3y4YEeHHE MAaTEMATHYECKUX MOJIE/IEH U MCTOAOB ITapalliIC/IbHOTO
IporpaMMHPOBAHHAS 1T MHOT'OIIPOIIECCOPHBIX BEIYUCIIUTENIBLHBIX CUCTEM, 4 TaKKe DPAKTHYCCKOE
OCBOCHHE MPHUEMOB U TEXHHK pEBpaﬁOTKH IIapaJIJ'I_eJ.IBHBIX IIPpOTrpamMM.

3amayu:

® HN3YUYCHHC OCHOBHBIX HPHHTI/Iﬁ U TIPUHITMIIOB MapanIeIbHbIX BEIYACICHUH

® OCBOCHHE COBPEMEHHBIX TEXHOJIOTHI Pa3pabOTKH IapalIeNbHBIX IPOTrPaMM
|
¢ OBJIAJICHUE HHCTPYMEHTAapHeM pa3paboTKH NapauiebHbIX IIPOrpaMM

2. MECTO JJUCHATIIMHBI B CTPYKTYPE OIOIT

HMucinmmna «Ilapaniensuoe nporpaMMHPOBAHYE ¥ OCHOBBI CYNIEPKOMIILIOTEPHBIX TEXHOIOTHHY

OTHOCHTCS. K AWCIMILIHHAM 003

Iraxa,

arenbHOM wacTd Gioka Bl Jlucummmmret (Momymm) y4eOHOro

|
3. INTAHUPYEMBIE PE3YJIbTATHI O YUEHUSI IIO AUCIIMIIVIMHE
[Inanwpyemeie pesyibrarel oOyd4eHWS 110 AHCIMIUIAHE, COOTHECCHHBIE C ITAHUPYEMEBIMH
pesynbraTamu ocBoenus OITOI (KoMTIeTeHIMSIMA U HHANKATOPAME TOCTIKCHUS KOMIIETEHITHI)

DopMupyemnie

"IIRHH[))"I.‘MI.-IE Pe3yabTaThl oﬁyqeuml o AHCUHIIHHE, B COOTBETCTBHI ¢

Hanmenosanue

KOMINETCHIIHHA HHAHKATOPOM JOCTHHEEHHA KOMNETCHIIHYE OUHEHOYHOTD
(KO}I, CoaepRanne HH,E[HK'ETOD JOCTHIREHHN KOMNCTCHIIHY P(‘]yﬂh’l‘ﬁl'l'lﬂ Uﬁ}"‘lﬂ!ll’l’l Mo AHCHHTAHHE cpeacrea
KOMIETeHIHH) (K00, codeparcanue unouramopa)

OIIK-2. Cnocoben OIIK-2.1. 3naet Matematuueckue | 3uaer: OTuéTRI O
NPHMEHATE OCHOBEI MMPOrPaMMHPOBAHAS H ® MATEMAaTHYECKHE OCHOBBI nabopaTopHbIM
COBPEMEHHEI A3BIKOB MPOTPaMMHUPOBAHHI, napaIesibHOTO paboram.
MaTeMATHYESCK Uit opraHuzauuy 6a3 JaHHLIX K TPOrpaMMHpPOBAHMA;
anmnapar, KOMIBIOTEPHOT0 MOZIENIMPOBAHKS, | o MaTeMaTHUECKHE METOIBI KoutponbHeie
CBA3AHHBIN C MaTeMaTHICeCKHEe MCTOOBI OLICHKH OLIEHKN 3¢¢6K1‘HBHOCTH BOIIPOCHI K
TNPOCKTUPOBAHHUEM, Ka4yeCcTBa, HAAEMHOCTH K TapaJuIeNbLHEIX OpOrpaMm; J'Ia60paT0pHLIM
pazpaBoTkoi, 3 PEKTHBHOCTH MPOTPaMMHEIX VuMeer: paboTam. ]
pealmzanuei 1 NPOAYKTOB, MaTeMaTHIECKHE ® OCYLIECTBAATE 000CHOBAHHLIN Dot
OLIEHKOH KadyecTBa METOIBI oprhnnsaulfm BEI6OP MaTeMaTHYECKOTro Kontponsheie
MpOorpaMMHBIX HH(bopMauanHoﬁ 6e30MacHoCTH anmapara npy peiieHun 3a1au BOMPOCH K
MPOAYKTOB H TP pa3pabyTKe 1 IKCIUTyaTalMi MapaiensHOro peiTuHr-
MPOrpaMMHBIX HPOTPAMMHEIX IPOIYKTOB H MPOrPaMMHPOBAHNA: KOHTPOIIO.
KOMITIEKCOB B TIPOrPAMMHBIX KOMIIJIEKCOB. Braneer:
PasIuHEIX OIK-2.2. ¥Meer oCylIeCTBIATh ® HABBIKAMH TIPHMEHCHHS
ofnactax oGocuoBanHkiil BeIGOP MaTeMaTH4ECKOr0 armapaTa npu
YeNIoBEYecKoii MaTeMaTHYECKOTO annapara mpH pEIICHIH 3a/1a4 MapaNEHHOTO
IeATeIbHOCTH pelreHnn 3ai;aq MPOrPaMMUPOBAHIIS.

npod)ecCHOHATBHOM

JESTENIbHOCTH.

OIIK-2.3. Bi‘laneeT HaBBIKAMU

TIPUMEHECHH] MaTEMAaTHIeCKOTO

anmnapara nph penIcHAN

KOHKPETHBIX 3a/1a4.
OIIK-3. Cnocoben | OIIK-3.1. 3HaeT MpHEIMIE! JHaer: OT4éThI 10
MOHUMATE paboThl U UCTIONB30BAHMS ® [IPHHLAIBI IOCTPOEHUS 1abopaTopHEIM
NPHMEHSTE COBPEMEHHBIX HH(OpPMAILIHOHHBIX mapayieNbHbIX paGotam.
COBPEMEHHEIE TEXHOJIOI'Hit B BBIYHCITUTEIBHEIX CHCTEM;
HH(bOpM&I.IHOHH]JE HpO(peCCHOHb.HLHOﬁ ® 0COOCHHOCT COBPEMEHHBIX KOHTpOJ'ILHLIe
TEXHOJIOTHH, B TOM ﬂeﬂTeHLHOCﬂH, OCHOBHBIC SI3bIKOB MPOrpaMMHUpPOBAHAS IS BOIIPOCHI K
quclie TpeboBaHuA HHPOPMALMOHHOH MapaIeJIBHEIX IIPOTPaMM; 11a00paTopHBIM
0TeYeCTBEHHEIE, 6e30naCHocﬂH, 3HaKoM ¢ EqVHBIM | Vyeer: ‘ paboTam.
NpY CO3IAHNN PEECTPOM POCCHICKHX NIPOTPAMM. | o OCYIIECTRIIT 0GOCHOBAHHBL
MPOrpaMMHLIX OIIK-3.2. VYMeeT ocynmiecTniaTh BEIGOP HEOGXOMMMBIX KontponeHsle
NPOAYKTOB H 060CHOBaHHEIH BBIGOD HHDOPMAIIMOHHEIX TEXHOJIOrHH | BOMPOCHI K




MPOrpaMMHBIX HEOOXOAUMBIX UH(OPMAIIOHHEIX [IpY pelleHrN 3a1a4 peitunr-
KOMIITEKCOB TEXHOJICTHH PU peLIeHHH 3a1ay NapaIeIbHOro KOHTPOJIFO.
PasHYHOTO npodeccHoHanLHOH NPOrpaMMHIpPOBAHHUS;
Ha3HAYEHHs! JEATENbHOCTH. Brnagneer:
OIIK-3.3. Biajeer HaBbhiKaMu ® IPaKTHYECKUMH HABBIKAMA
pa3paboTKu IpOrpaMMHBIX pa3paboTKH MporpaMMHBIX
IIPOTYKTOB M IPOTPaMMHEIX IPOJTYKTOB ¥ MPOIPAMMHBIX
KOMILIEKCOE Pa3IMIHOTO KOMIIJIEKCOB| Ha OCHOBE
Ha3HAYEHHUS. MapaJule/IbHLIX aNToOpPUTMOB;
IIK-1./Cnocoben [IK-1.1. 3naer metomomornu 3uaer: OtuéThl IO
TIPOEKTUPOBATE pa3paboTKu IPOTrpaMMHOT0 ® BO3MOMKHOCTH COBPEMEHHBIX H n1a60paToOpHBIM
peanu3oBEIBATE obecreueHus 1 TeXHOJIOTHHU IEpPCHEeKTHBHBIX CPEICTB pabotam.
[IPOrpaMMHOE [IpOrpaMMHPOBAHMS, A3bIKK paspaboTKy NapaiienbHbIX
obecrieueHne B dopManu3alumu Tporpamm; KoHTposnbHble
COOTBETCTBHH C d})’HI(LlI—IOHﬂJ'I BHBIX @ METOIOJIOTHYU U TEXHOJIOI'UH BOIIPOCHI K
TpedoBaHUAMHE crienudUKaLii, TPHHLUITE! paspaboTKH MapaenbHEX n1abopaTopHBIM
MOCTPOEHMA APXUTEKTYPEI nporpamMm; paboTam.
IpOrpaMMHOr0 0GecTeIeHIs 1 ® THIIOBLIE MOJICJIH TApaIENbHBIX
BHIbI APXUTEKTYPEI AITOPUTMOB; KoutponbHsie
IPOrpaMMHOTO 06eCIEUeHs, ® OCHOBHBIE CHOMCTRA BOIIPOCHI K
OCHBBEICHEIEIIEIIN 1 napannesbHbIX aIrOPHTMOB U PeHTURT-
aTpuGYTHI K‘aqecma C1OCOGEI WX OIEHKH: KOHTPOJTO.
IPOrpaMMHOro ofecreyeHys. Vmeer:
TIK-12. Ymeer nposoants . | ® nposomuth ananus rpeGosanmit
AHaIH3 HCNOJIHeHUA TpeGoBaHuiA, K paspaboTKe MHAPALIENLHOro
BBIPA0aTHIBYTE BAPUAHTHI MX ANrOpUTMA;
peagnzauun, HPOBOZIUTE OLEHKY | - ¢ gy 1Gunats cpencTBa U BApHARTHI
H O ocngnam%e PEKOMEHTYEMBIX PeaNH3ALIAN TAPATLIEITHHbIX
STk cpencma n i
Th Cpe
S ea.mfsan e ® HCIIOJIL30BATh CYLIECTRYIOLIHE
Iz)r' ammlujo oﬁt::ncltemm O NORHS porieHEH
S ro : 6ubnuoTexu NapaniensHOro
ITK-1.3. Bnagets HaBBIKAMM i
MPOrpaMMHUPOBAHYS;
OLECHKH BO3MOIKHOCTEH, BpeMEHH Braneer:
Y TPYLOEMKOCTH pealn3aliy '
) © HABBIKAMHA COCTABJICHMS
Tpe6oBaHMM K IPOrpaMMHOMY -
‘ TpeGopanuil K mapayieabHOMY
obecnieueHuto, paspaboTku u
RJITOPUTMY
COINIACOBAHIS TEXHMYECKHX
® HaBLIKAMH
cneuuduKaii Ha MPOrpaMMHOe B an 01_1?““
obecrmeuenue, HOPMUPOBAHUS U 3(]){[13(:-:;131{0(:1‘1{ u
i oc’
NPeNOCTABNIEHNA OTIETHOCTH B TPYA Kh c”? p:nan:BE;m;
S —) - TapauieNIkHOro arOpPUTMa;
YCTAHOBJICHHBIMM periaMenTamy, | © HaBbIKaMi OTnanKu
MPOEKTUPOBAHUS CTPYKTYP Hapaﬂﬂeﬂ“rlli:x HPOFPaMM,
JIAHHBIX, 633 IAHHBIX, ® HABBIKAMH IIPOCKTHPOBAHMSI
TPOrpaMMHEIX HHTEPEHCOB, CTPYKTYP JAHHBIX, 6a3
1 [apALIEIBHRIX CTPYKTYD
| JAHHBIX;
4. OFBEM U CTPYKTYPA JIUCITUAIJIMHBI
TpynoemkoeTs quCHUIITHEEL cocTaBIseT 6 3a4eTHLIX ¢AUHMIL, 216 yacos
TemaTuvyeckuit mian
(popma o0yueHH — OYHAN
Konrakrhan pabota 00y4aoimxes DopMEl
% C MEHArorHYeckiM patoTHHKOM § TEKYLIETO
E’ 8 2 v 3 B KOHTpONA
Ne || HaumeHoBarue TeM WrITH pasnenos/rem 2 B @ 5 4 y 8 E E § YCNEBAEMOCTH,
n/n JAHCLIMTHHEL 2 = = 24 E E E ] g E S (opma
o 7 2 5 5 g9 | 888 8° MPOMEKYTOUHOM
:g = 8 8 e | o &R 3 aTTeCTALNH
= = § = O (no cemecmpam)
1 OCHOBBI NapalIeILHEIX 7 1-6 | 12 - 8 8 30 peiTunr-




BBRIMHCIICHUH., MHOromnotouHoe KOHTpOIb Nel
IpOrpaMMHpPOBaHUE.

2 CTangapTel 4 TEXHOJIOTHU W 7- 12 - 20 20 57 peliTiar-
paspaboTKH HapajieabHbIX 12 KOHTPOJIb No2
IporpaMm

3 Ipo6nemHbIe BOPOCH 7 13- | 12 - 8 8 30 peiTHHr-
MapaJUIeIbHOTO 18 KOHTpPOJIBL Ne3
[pOrpaMMHUPOBAHUS

Bceero 3a 7 cemectp: = - 36 - 36 - 117 3K3aMeH,27

Hamiupe B guicommmmune KIT/KP - - ~ = - - — =2

Hroro no pucumriabe - - 36 — 36 - 117 9K3aMeH,27

ConepikaHne JeKIMOHHBIX 3AHATHI 10 ANCIUILIHAHE St

Pazgen 1. OcHOBBI Hapa/uiebHBIX BLIMHCIeHAA. MHOrONOTOYHOE OpPOrpaMMHPOBAHHE,

1) [IpousBonuTenpHoCTS BEMUCIINTEIBHBIX CHCTEM Enunanier M3MEpEHHS
IPOU3BOJUATENLHOCTH. CIIOCOORI OLIEHKH,

2) Knaccuukanys BEMUCIATENBHBIX CHCTEM

3) Meronel  yBenMuEHHS NPOM3BOAUTENHHOCTH BHIUMCIUTENBHEIX CHCTEM. Bekropnas
obpabotka. Kouseltepras o6paGotka. [Tapannensnas o6paGoTka.

4) Meromel  paspaGoTKe  IapalUIeNBHBIX  IPOTPaMM. Pacnapamnenusanne  maHHEBIX
Pacniapannenmpanme KoManI. el

5) XapakTepucTHKH HapaulefbHBIX aNrOpuTMOB. CTeleHb napaueNu3mMa. Y cKopeHue:
OddexTHBHOCTE.

6) 3axon Ammana

7) Muorozaza4asocTs. [Iponecch! 1 mOTOKY.

8) Peanuzanust MHOr03a1aqHOCTH B ONEPAIIHOHHEIX CHCTEMAX, ITOPUTMBI INTAHUPOBAHHS.

9) PaspaboTka MHOromorounsIx nporpamm. POSIX/Windows Threads

10) MHOronoOTOYHOCTE B COBPEMEHHBIX  S3BIKAX nporpaMMupoBaHusg.  OOBEeKTHO-
OPHEHTHPOBAHHBIH ITOIXOL.

11) Ilymer noToxoB

12) JlokansHoe xpanmwmme motoxa (Local Thread Storage)

2N

Paspest 2. CranaapThl M TEXHOIOTHH PazpaGoTKH MAPALIIeaLHBIX nporpamm

13) Crannapr OpenMP. Hasnauenue, moanepkka B KOMIUIATOpaX. IIepemennsie oxpyxenus;
(bYHKIUH, TUPEKTUBEL .

14) PaspaboTka mapauieNbHEIX IPOrpaMM Ha OCHOBE OpenMP

15) Beenenue B BRICOKONIPOU3BONUTENBHEIE H PACHPEACIEHUbIE BEMHICICHHS, Crannapt MPI

16) PaspaGotka mapamienbHex nporpamMM Ha ocnoBe MPI, Basopsie GYHKIMHU, TOYEUHBIH
o0MeH Mex Ty ImpoleccaMu

17) KonnexTHBHBIH 06MEH MeXIy TPOIIECCaMH.

Paznen 3. IIpoGaeMHbIe BONPOCH! Mapa/LIeILHOTO NIpOrpaMMHupoOBaHHSA

18) Ilpo6nembl B3anMOnEHCTBHS 3a/24 B IIAPAIUIENBHEIX IporpaMmax. IToHKH 1 TYIHMKH.
19) OObexTE CHHXpOHU3AIMH B3aUMOIEHCTBYIOMAX 33189 Ha OCHOBE GIoKupOBOK

20) AnropuTMBI HEGTOKUPYIONIEH CHHXPOHU3AIIHH, aToOMapHBbIe OllepaIiy

21) IlapamrensHble CTPYKTYPHI JAHHBIX

22) AcHHXpOHHOE IPOrPaMMUPOBAHHUE

23) OcoGeHHOCTH MapayIeIbHBIX IPOTPaMM TS IpadHUecKuX nporeccopos (GPU)

Conep:xanne 1aG0paTOPHBLIX 3aHATHI O JUCHHTLIHHE

JlaGopaTopHasi paGora Nel Pazpa6oTka MHOrOIOYHEIX nporpaMm.

Oynxnun WinAPI s cosganus morokos. Kiace std::thread. Tumosas MOJIENIEb HapajuIETbHOM
IporpamMMel. O3KHIaHHe 3aBEPIICHHs PaGOUNX OTOKOB. V3MepeHHe XapaKTepHCTHK
TI0C/Ie/[OBATENHHOTO ¥ NapajuIeIbHOTC AITOPUTMA.,



Jlaboparopuas pabora Ne2 Texnonorus OpenMP

W3zyuenne Gpynkumii u gupextus OpenMP. Mojens BbIIONHEHNS OpenMP-nporpammer.
Pemenne 3anau mmeltnoit anre6psi cpepcraamm OpenMP.

Jlaboparopuas pa6ora Ne3 Crangapr MPI

Bubmuoreunsie peanusanui MPL Tunosas crpykrypa MPI-niporpammsr. 3amyck MPI-
NpOrpaMMeL. Y THIIUTA mpirud(mpiexec., [TIpumenenne Gynkmun MPI 11 pactipeereHHBIX
BBIYMCTICHUH, i

Jlaboparopnast paGora ,N‘é4 Cunxponmzanus # 6a/IaHCHPOBKA MAPAILIC/IBHBIX 32124

PaspaGoTka MHOromoTouHoif Iporpammst va mardopme Net. Menomp3osanne ofImix NaHHbIX
B HECKONILKHMX NIOTOKAX. JIAHAMHUYECKOE PACIIPeIe/IeHUe BEIMUC/ICHII MeXTy [IOTOKAMH. Ouepenu
OXKHJIAHHS IIOTOKOB. |

5. OHEHOYHBIE CPEACTBA JIJISI TEKYIIEI'O KOHTPOJISI YCIHEBAEMOCTH,
MPOMEXYTOYHOM ATTECTAIMU 11O UTOI'AM OCBOEHHS AUCLUTTIAHbI
N YYEBHO-METOAWYECKOE OBECHIEYEHUE CAMOCTOSATEJBHOMN PABOTBI

| CTYJAEHTOB |

S.1. Texymmii KoHTPOIL yeneBaeMocTH
IIpumepHbIii nepeveHs BONPoOcoB K peliTHHI-KonTPOI0 Nal

1) Ouenxu HPOU3BOAUTENLHOCTH BEMHCIUTEIBHBIX CUCTEM (Bpems, IPS, FLOPS).

2) Knaccupukamms BEMHCIUTENBHBIX CHCTEM (IO QnUHEY ¥ O OpraHu3aliiy ONepaTUBHOI
namsTe). OcoOEHHOCTH KajI0r0 KITACCa CHCTEM.

3) Tonxoze1, HCHONB3yeMbIe [isl YBeTMUCHHS IPOH3BO/TEIFHOCTH BEIYHCITHTENEHBIX CHOTEM.

4) CiolicrBa napaUIeBHBIX AITOPUTMOB: CTEIIEHh MApAUIEU3Ma, 3EPHHUCTOCTb, YCKOPEHWE,
o dexTHBHOCTE. 3aK0H AMIAIS 1 €10 IPAKTHYECKHH CMBICIL,

5) Cpenusisi creneHs nmapamienu3Ma anroOpHTMA CIBAMBAHK, CKaNSPHOTO YMHOXCHHS BEKTOPOB,
YMHOXCHUS MaTpullbl Ha BekTop. Ilpumeps! anropurmos, o6mamaronmx UnealsHON CTEneHbio
napajLieu3Ma,

6) IMomxomel K pacuapaUIeNMBAHMIO AITOPHTMOB: HA OCHOBE Napanienu3Ma JaHHBIX U
napaiesmsma 3anad, [Ipeumynectra u neocratkn, cnocobI peanu3any.

7) Muoroszanaunocts. DOpMBI  peanH3anu MH()JrosanaquT:m: OPOIECCHl W MOTOKH, HX
ocobennoctu, CBoifcTBa 33mau.

8) I[lnanwpoBaume u UCHETYEPpH3AITHS. ATTOPUTMBL mtaavpoBanms 3aga4y OC.,

9) PaspaGorka mapaiieNbHBIX IPOrpaMM Ha OCHOBE MHOTOMOTOUHOCTH. Crarpapr POSIX Threads
(pthreads). ITpumep.

10) Muoronorousocts B coBpemennsx S (ma npumepe CH#): 00BEKTHO-OPHEHTHPOBAHHLIH
TOIXOT, CPABHEHHE MOZEIEH IPOrpaMMUPOBAHKS HA OCHOBE KIIACCOB System.Threading. Thread
u System.Threading. Task. | v

11) IMymer noToKOB: HasHaYeHHe, IIPUHIMI OpraHu3auuH. OTpaHIYerIs IPH MCIIONIB30BAHUM TIYHOB
TIOTOKOB B IAPATLTEBHBIX MPOrPAMMAX.

12) Jlokansnoe xpaHumme noToxa. HasHaueHue H IpuMep HCIONB30BaHuU,

HpnMep}Luﬁ [epeveHb BONPOCOB K PEHTHHI-KOHTPOI0 Ne2
1) Hasuadenwue crammapra OpenMP. Moziens BHMOMHeHHS OpenMP-niporpamMMeL.
2) PazpaGortka HapaJmenLHb& nporpamMM Ha ocHoBe crannapra OpenMP: ocHOBHEIE TepeMeHHbIE
OKpy xKeHus, QyHKImH 1 m/ﬂpeKTHBLL IMpumep.
3) Haznavenue cranmapra MITI. Monens Bemonsennss MPI-iiporpammet.
4) Ocrosrple ¢dyHkumuu MPI, npuem/mepenada JaHHBIX MEXJy OTHEILHBIMH npoueccaMI/i
briokupyromue u He6nomﬁyromne oneparun. [Ipumep. o
5) Komrexrusnnie Gynxmmm MPI: mmpokoBemmaTensHas pacchlika, pasjieieHue i c6op JIaHHBIX,
arperupoBaHue TaHHbIX. [Tpavep. o




. : |
IIpumepHEIii mepevyeHsb BOIIPOCo K peI/lTI/ITlI‘-KOHTpOJHO Ne3

1) Cunxponuzamus 3anay. I
3a/1a4. ‘

2) T'oHKY 1Ipy B3aMMOAEHCTBHN IApA/IIENBHBIX 31a4: ONPE/IENeHHE, IPAMEp, CIIOCOGH! PEILCHHUS.

3) TynukoBsle cuTyarmm: onl?e,ueneﬂue, TpuMep, CII0co0BI 00HAPYKEHHS U TIPEeI0TBPALLIEHNS.

4) OObeKTh! CHHXPOHM3AIMHA: OOLIH IIPHHIAI PAGOTE, THITHI 0GBEKTOB H HX 0COGEHHOCTH.

5) Hebnoxupyromas CHHXPOHM3ALMS: HAsHAYEHWe, NPEHMYINECTBA H HEJOCTATKH, CIIOCOOHI
peanu3anmmy,

60) [lapamienbHble CTPYKTYpBI JAHHBIX: PA3HOBHAHOCTH, NPUMEPHI TAKHX CIPYKTYp B SI3BIKaX
POrpaMMHUPOBAHKSL, TIPEUMYIIIECTBA M HEJOCTATKH.

7) ACHHXpOHHAs MOJIENh HPOrPaMMHPOBAHUS: HA3HAYEHHE, OTIHYNE OT MAPALIEIBHON MO,
BAPUAHTHI PEATH3allUY B A3bIKaX MIPOrPAMMHUPOBAHIL.

HATHE ((KpPITPI‘-I@CKOﬁ CCKIUM» IIPOIrpaMMabl. Bzanmnoe uckmouenue

S.2. IIpome:kyTO4HAS ATTECTAIMSI 110 UTOTaM OCBOEHUS! JUCITHILIHHEI (IK3aMeH)
IIpamepHElii nepevens BONPOCoB K 3K3aMeHy
1) Ouenxy MPOM3BOUTENEHOCTH BEMICTUTEILHEIX CHCTEM (Bpems, IPS, FLOPS).
2) Knaccaukamms BBMHCIHTENBHBIX cucTeM (0 MIMHEHY M 10 OpraHu3aiym OLIePATUBHON
mamsi). OCOOEHHOCTH KajKIIOTO KIIACCa CHCTEM. 7
3) Tloxxompl, HCHONBE3YEMBIE JULS YBEIMYEHHS IPOU3BOIUTEIBHOCTH BEUACIATENBHEIX CHCTEM, 7
4) CeoiictBa NApaIebHBIX ATTOPHTMOB: CTENEHh APALIGNH3MA, 3¢PHUCTOCTD, YCKOpEHHeE,
s dexTHBHOCTE. 3aKOH AMIAJIS H €TI0 IPAKTHISCKHH CMBICIL G
5) Cpenusist crenenb napamienu3Ma airopurMa C/BANBAHMS, CKATSPHOTO YMHOMKEHHS BEKTOPOB,
YMHOKEHHSI MaTpHITbI Ha BEKTOP. Ilpumepsl anropuTMOB, OGIANANIMX HACATHHOM CTEeHER
napaule3mMa. ‘
6) lTlomxomer x pacnapa_nndnnBaHmo QIrOPMTMOB: HA OCHOBE TapalIeIn3Ma JAHHBIX U
napauieNu3Ma 3a/1au. HpenymeCTBa Y HEJIOCTATKM, CIIOCOORI peau3ariuHm.
7) MHOr03a/1a4yHOCTE. CI)oplvp)I peamM3allil  MHOTO3aJ[aYHOCTH: IPOLECCHl W TIOTOKH, HX
ocobenrocTH. CBoiicTsa 3aad.
8) Ilrammposauue 1 qucIeTYSpU3ALESL. ATOPATMBI IITAHUpoBatys 3anay OC,
9) PaspaGorka HapanneJILHLDi IIporpamMM Ha OCHOBE MHOFOHOTO%OCTH Crargapr POSIX Threads
(pthreads). [Tpumep. i
10) MuoromoTouHoCTE B corpeMenHbIX AII (Ha mpumepe C#)' 00BEKTHO-OPUEHTHPOBAHHBIH
TO0/IXOJI, CPaBHEHUE Mo,uenen IIPOrpaMMUPOBAHHUS Ha OCHOBG‘ KiaccoB System. Threading. Thread
u System.Threading. Task.
11) Ilyner moTokoB: Hasﬂaqune IIPUHIUI OpPTaHH3alyH. OrpaHﬁ'{eHH;I IIPU UCTIONB30BAHHUMI nyﬁoiﬁ
IIOTOKOB B IIApaJIEIIbHBIX riporpaMMax
12) Jlokanbroe Xpanmmte notoxa. Hasuauenve u IIPUME] MCIIOJE30BAHMAL.
13) Hasnauenwue cranmapra Op¢nMP Mogens Bemonnerrns OpenMP-IIporpaMMBL
14) Pazpa6oTka mapa/LTebHBIY IPOrpaMM Ha OCHOBE cTaHaapTa OpenMP: ocHOBHEIE MEPEMEHHBIE
OKpy>KeHusd, GyHKImy 1 upextussl [Ipuamep.
15) Hasnayenwe crannapra MPL Mozesns Beuiosmernns MPI-porpaMMet. 7
16) Ocnouble ¢ymxipm MPI, npuem/liepesiaua JaHHBIX MEXKAY OTICIbHBIME IIPOIIECCAMH.
broxupyronie u Hebnokupyomme oneparum. [Tpuvep.
17) Konnexruensie Gyrxmuu MPIL: mmpoxosernarensuast pacchiika, paszaeneHue u coop ﬂaHHLD%
arperupoBaHue JaHHbIX. [Ipumep. J N
18) Craxponusamms 3ana. IToHATHE KPUTHYCCKOH CEKIMUY TPOrpaMMBL. B3anMHOe HCKITIOUeHHE
3aJjau.
19) I'onxws ipu BSaHMOI[eI/ICTBI/IPI HapajiIe/bHBIX 3a/1a4; ONpeIeIeHIe, IIPUMED, CIIOCOGHI pelIeHHs.
20) TynmKOBBIE CHTYALIUH: onpfneneﬂne » TIPUMED, CIIOCOOBI 00HAPYKEHHS ¥ IIPEIOTBPAICHYS.
21) O6BHeKTH CHHXPOHU3AIMH: OOIIMH IPUHUMIT PaGOTHL, THIIE 00HEKTOB U KX 0COOCHHOCTH.
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22) Hebnokupyioras CHHXpOHM3aLMs: HasHAYEHHE, TPEHMYINECTBA M HEJOCTATKH, crrocoObt
pean Ay, hE

23) Ilapannenshbie CTPYKTYphl NAHHBIX: PA3HOBHAHOCTH, MPUMEPH TAKHUX CIPYKTYp B S3BIKax
IPOrpaMMHPOBAHUSL, IIPEUMYTIIECTBA U HEJOCTATKH.

24) AcMHXpOHHas MOZENb NPOrPAMMHUPOBAHHUS; HA3HAYEHHE, OTIIMUHE OT HapauIeIIbBHOM MOy,
BAPHAHTHI peaIU3alliy B HZTBH(&X NPOTPAMMHUPOBAHKS.

5.3. CamocTosTe/ IbHAN paﬁojpa o0y4aromerocs.

CamocrosTelibHas paboTa CTyIEHTOB 110 IUCIHILTHHE BKIIOUAET B CeOs CIIe/yIONIAe B/
JeSTeIbHOCTH:

I) mpopaGoTky y4eGHOro Matepuaia o KOHCIeKTaM, yaeOHOI 1 HayuHOl JIHTeparype;

2) DOATOTOBKY K 1aG0paTOPHBIM 3aHITHSIM;

3) IOZArOTOBKY IO BCEM BUJIaM KOHTPOJBHBIX MEPONPHATHH, B TOM WHCIIE K TeKymemy
KOHTPOIIIO 3HAHUH M TTPOMEXKYTOYHOM aTTECTALUH.

Bomnpoce auist caMocTosTe IBHOM PaGoThI CTYAEHTOR
1) OcoGerrocTu anmapaTHON peanu3alltii MHOTONPOIECCOPHBIX BEMUCIHTENLHBIX CHCTEM M
cynep-2BM
2) XapakTepHCTHKH TOTIONIOTHH CETH Iepefadn JIaHHBX. AJTOPHTMBI MapIIpyTH3aImad. MeToms!
nepeadn qaHHBIX.
3) Metozp! NOrMYecKOro MPE/CTABIEHUS TOTONOIHH KOMMYHUKAITHORHOR cpensl. Otobpaxkemne
KOJIBLICBOM TOIIOJIOTMH M TOMOJIOTHH PEILICTKH HA THIIEPKYD.
4) Mozens napauienbHBIX BEMUCIERNE B Buae cety [letpu
5) Mogens napajmiebHbIX BEMUCIEHHIT B BUie rpada «ITPOLIECC-PECYPCH»
6) IlapannensHbIe AITOPHTMEI COPTHPOBKH
7) Tlapannenbnble YHCICHHBIC ATOPUTMEL TUHEHHOM anreGpsI ey
8) IlapamnensHple 4YHCIICHHBIE ATTOPUTMBI PEIITCHHES nuddepennuanbHbX YPaBHEHUN B YaCTHBIX
HPOU3BOIHBIX
9) TlapannesHple YHCIEHHBIG AJTOPHTMBEI MHOTOMEpHOIH MHOTO9KCTPeMalIHOW ONITHMH3AIIMN
10) Ornayika mapauieBHBX TPHIOKEHHI,
®onp oueHouHbIX MaTepranos (GOM) [yt npoBeeHns aTTeCTALMH YPOBHS
chopMHpPOBaHHOCTH KOMIIeTEHIA 06y Jaromumxcs o TUCIHILIHHE 0QOopMIIseTCs OT/IENBHEIM
JOKYMEHTOM.

6. YAEBHO-METOIUYECKOE M HHOOPMAIIMOHHOE OFECITEYEHME
JTACHATLIAHBI

6.1. Kuuroo6ecneueHHoCTD

HaumenosanME IHTEPATYPLI: ABTOP, HA3BAHNE, BIA HIAAINH, HIIATILCTBO I'on KHUTOOBECOEME
HATAHUA HHOCTE Hasmuane
B ANEKTPOHHOM

katanore 96C

OcHoBHas nuteparypa*
Boraugs, K. FO. OCHOBBI mapauiesHOro TIPOTPaMMHPOBAHHUA : yaeOHoe nocobue / 2020 https://www.ipr
K. 1O. Borau&s. — 4-¢ u3z1. — Mocksa : JlaGopatopus 3HaHuii, 2020, — 343 ¢, — bookshop.ru/20 -
ISBN 978-5-00101-758-5. 1 702.html
[apanjie/ibHble BEIYHCTUTEIBHBIC CHCTEMEI : yueOHoe mocobue / H. 10, 2019 https://znanium. *
Cuporununa, O, B. HenoMusmmii, K.. B. Kopuiys, B. C. Bacunses. - KpacHospek com/catalog/pro
: Cub. pesep. yn-1, 2019. - 178 c. -[ISBN 978-5-7638-4180-0 duct/1816521
Antonos, A, C. INapannensHoe NpOrpaMMEPOBAHEE ¢ HCIIONB30BAHHEM 2021 | https://www.ipr
texHonoruu MPI : yueGHoe nocoGI%e / A, C. AHTOHOB. — 3-€ n31, — Mocksa bookshop.ru/10 |
Hurepper-Yuusepcuter Hudopmatonnsix Texuonoruit (MHTYHT), Aif ITn Ap 2043 html
Megua, 2021, — 83 ¢. — ISBN 978-5-4497-0934-9,
Bummnr, B. A. [apanne/bHble BRIYHCICHHS 1 MHOTOTIOTOYHOE 2021 hitps://www.ipr
TPOrpaMMHUpPOBaHKe : ydeOHUK / B, }A bunnur. — 3-e u3n. — Mockaa : bookshop.ru/10
Hureprer-VHausepenter Uudopmamuonnsix TexHonorusi (MHTYUT), Al [Tn Ap 2044 .html




Memua, 2021. —— 310 ¢. — ISBN 978-5-4497-0936-3. | |
JononyurensHas TuTepaTypa

Moje/iu pacripeseneHHbIX BEIMHCTEHHM [DnekTporHbLii pecype] / Tonopkos B.B. 2011 —

- M. : ®USMATIINT, 2011. - \

http://www.studentlibrary.ru/book/ISBN5922104950.html

®enoto, U. E. apannensHoe mporpamMmuposane. Mogaemi u npuemst / 1. E. 2018 https://www ipr

®enotoB. — Mocksa : COJIOH-TIPECC, 2018. — 390 ¢, — ISBN 978-5-91359- bookshop.ru/90

222-4, 420.html

Ieprens, B. I1. Teopus 1 NpakTHKA NapallIeNbHBIX BEMHCIEHMH | yaeGHOE 2020 https://www.ipr

nocobue / B. IL. I'epresnb. — 3-¢ u3n. — Mocksa, Caparos ;: HuTepHeT- bookshop:ru/89

Yuusepcurer MHpOpMaHoHHBIX TeXHOJIOI‘I/Iﬁ (MHTVYUT), At TTu Ap Menua, 478.html .

2020, — 500 c. — ISBN 978-5-4497-0389-7.

Typanbuyk, K. A. TlapaiensHoe nporpaMMIpOBaHye ¢ OMOLIbIO si3bika C# / K. 2019 https://www.ipr

A. Typanpayx. — 3-e m31. — Mocksa : MHTepHeT-VHMBEpCHTET bookshop.ru/79

HUngopmanuonnrix Texuomoruii (MHTYUT), At ITu Op Menua, 2019. — [189 c. 714.html

— ISBN 978-5-4486-0506-2.

6.2. Uurepuer-pecypenl | 1

1. | JlaGoparopus TlapannensHbX HHpOPMALHOHHEIX TeXHonomei Hayuno-uccnenoparensckoro
BEIMMC/IUTENIBHOTO HeHTpa MI'Y http://parallel.ru

2.  The OpenMP API specification for parallel programming https://www.openmp.org/specifications ;

3. | MPICH: a high performapce and widely portable implementation of the Message Passing Interface:
(MPT) standard. https://www.mpich.org | o |

4. ' Opurusaisl crangapra MPI: http://www.mpi-forum.org/docs(docs.html.

7. MATEPUAJIIBHO-TEXHUYECKOE OBECHEYEHUE AUCIIATLIIMHBI
Jlist peanusanyu JaHHOM AUCIIUIUIMHEI HMEIOTCS CIICLHAIBHEIEC TTOMEIEHHUS IS
IIPOBE/ICHUs 3aHATHH JIEKIUMOHHOTO THIIA, 3AHATHIA IPAaKTHYECKOro/1abopaTopHOro TUIA,
TEKYIIEro KOHTPOJIA H IIPOMEKYTOUHOM ATTECTAIIMH, a4 TAKIKE TOMEIEHHS JUTS CaMOCTOSTENBHOM
paboTEhL. |
IlpakTHYecKkne 1 1aGopaTOPHbIE 3aHATHS IPOBOJITCS B a}J,I[I/ITOpI/II/I (KOMITBIOTEPHOM
Kiacce) 5116-3 (WM aHAIOTUYHOM KOMIIBIOTEPHOM KJIAcCe B 3aBUCUMOCTH OT CETKH
pacrmcanms). | |
[TepeyeHs HCIIONTB3YEMOTO, TUIEH3MOHHOTO HPOrPAMMHOTO ‘p6ecnequH;I:
1) MS Visual Studio Community Edition;
2) MS HPC Pack SDK (C?GOHHO pacpoctpansiemoe [10)
3) MPICH (cBoGoznHo pactipoctpansemoe I10)
4) MS Word;

Pabouyto nporpammy COCTaBI/IJJF poit. kad. PullM lonyGes A.C. e
(momxwocts, ®UO, moamucs )
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IIporpamma paccmoTpena u 01106peHa Ha 3aceIaHuH fgngéﬁpm OulIM

I[Ipotokosn Nel ot 30.08.2021 roma L

3asenyromuii kadeapoit

> ol C.M. Apaxensn
/" (®UO, noamwce)
PaGouas mporpamma paccMoTpeHa H ofiofpeHa Ha 3acefaHud y4eOHO-METOANUECKON KOMHACCHU
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[Tpotokon Nel or 30.08.2021 rona i-'-;_-;_',.;_,;:/""
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JIMCT IIEPEYTBEPKIEHWS
PABOYEI IIPOTPAMMOBI JUCIIATLINHBI

PaGouas nporpamma onobpena ga 20~/ /20-Y > y4eGHblil roxa
IIporokosn 3acenanns kadepor No [ ot / ! ¢ ¢ /rona
= 3 Oy 7 / : :
3aBenyromuii kadempoit CL/ LEp
/4
PaGoyas nporpamma onoGpena Ha 20 /20 yueOHEbI# rosa
IIpoTokon 3acenanus kadempbr No oT roga

3aBenyrouuii kageapoii

Pa6oyas nporpamma ono6pena na 20 /20 yueOHBIN roja

Iporokon 3acenanus xadenpsr Ne oT roja

3aBenytoummii kadeapoit




