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1. HEJIb OCBOEHUA AU CHUITJINHBI

Jucuumimza «[lapamnensHoe M paclpeneneHHOe IPOrpaMMHPOBAHUE)» BXOIUT B
nporpamMmy  OakanmaBpuata  «VICKyCCTBEHHBIH  MHTEIUIEKT:  pa3paboTka ©  0OOydeHue
MHTEJUICKTYaJbHbIX CHUCTEM» MO HampaBieHusM noAroroBku 02.03.02 ®yHpameHTaIbHAs
uHpopmatuka u wuHpopmarmonusie TexHoimormu u 09.03.03 Ilpuknanxas uHpOpMATHUKA, U
m3yvaercs B S5 cemectpe 3 kypca. Jucnmmimny peanmsyer Kadeapa mnpukimamHoro
UCKYCCTBEHHOT'O MHTEJUIEKTa. J[MCUUIIIMHA COCTOMT U3 4 pa3fesoB U 26 TEM M HalpaBjicHA Ha
U3yYEHUE NMPHUHLUIIOB U TEXHOJOTMH MapajuleIbHOTO U PACIpPENeIEHHOIO MPOrpaMMUPOBAHUS:
ApXUTEKTYp TMapauleJbHbIX BBIYUCIUTENBHBIX CUCTEM (MHOTrosjepHble mpoueccopsl, GPU,
KJIacTephl), Mojeneld mapamienusMa (motokw, mpomeccel, SIMD, SPMD), cpencTts
MHOT'OIIOTOYHOT0 nporpammupoBanus (threading, multiprocessing, concurrent.futures, asyncio),
TexHoyioruil pacrpeaenéuupix BerauciaeHuii (MPI, gRPC, odyepenu cooOiienmii), apXUTEKTYpPHBIX
NaTTEPHOB paclpeneéHHBIX cHcTeM (KiueHT-cepBep, MapReduce, MHUKpOCepBUCHI), a Takxke
IPUMEHEHMs MapajuIesIbHBIX M PACHpeles]€HHBIX IOAXOJO0B MJIs YCKOPEHUs OO0ydeHus U
uHpepeHca Mojene MalmIMHHOTO oOydeHus, Bkimodas data parallelism, pipeline parallelism u
pacrpenenéHnyo 00padoTKy JaHHBIX.

Lenbio OCBOCHHS TUCIUIUTMHEI ABISETCS (POPMUPOBAHUE Y CTYJCHTOB CUCTEMHBIX 3HAHUH U
IPAKTUYECKMX HABBIKOB IPOEKTUPOBAHMS W pean3allud MapajulebHBIX M paclpeienEéHHbIX
MPOTPaMMHBIX PEIICHUN Ui 3a/1a4 0OpaObOTKH JAHHBIX U CHCTEM MCKYCCTBEHHOT'O WHTEJUICKTA,
BKJIIOYAsl BJIQJICHUE CPEJCTBAMU MHOTOIOTOYHOTO M MHOTONPOLIECCHOIO IMPOrpaMMHMpPOBaHUS,
ACMHXPOHHOTO BBOJIa-BBIBOJIA, PACIpPEACIEHHBIX BBIYUCICHHUH, CHOCOOHOCTh aHATU3UPOBAThH
OTpaHWYCHUS  TPOU3BOJMTEIBHOCTH M MacImITaOupyeMocTH,  OOOCHOBBIBATH  BBIOOD
ApXUTEKTYPHBIX MMAaTTEPHOB U MPOEKTHPOBATH MH(PPACTPYKTYpPY IS MApaJUICTBHOTO O0YUYEeHUS U
pa3BépThiBanus Moaenen NN.

2. TPEBOBAHMA K PE3YJIBTATAM OCBOEHUA JUCIIUIIJIMHbI

OcBoenne guctuiuimHbl — «llapamiensHoe ®W  pacmpefelieHHOEe IMPOTrPaAaMMHPOBAHHEC)
HamNpaBICHO Ha (QOPMHUPOBAHHE Yy OOYYAIOUIMXCS CIEAYIOUIMX KOMIIETEHIMHA (4acTu
KOMITCTCHITHH )

Tabnuya 2.1. Ilepeuenv xomnemenyuil, Gopmupyemvix y o00VHaOWUxcs npu 0C80eHUU
OUCYUNIUHBL (PE3VTbMAambl 0C80EHU OUCYUNTUHDL)

I/IH}.II(]KZITO])L] JAOCTHIKCHHUS KOMIICTCHIIMU

Hudp Komnerenuust N
(B paMKax JaHHOM NUCITUTUIMHEI)

Crioco6eH MOHUMATh TIPUHITUATIBI
paboTHI COBPEMEHHBIX
WH(OPMALMOHHBIX TEXHOJIOTHI
MIPUMEHSTh KOMIBIOTEPHBIC
METO/IbI, COBPEMEHHOE
MpOrpaMMHOE 00CCIICUCHHE, B
TOM YHCJIC OTEYCCTBEHHOIO
MIPOUCXOKACHUS, U PEUICHUS
3a71a4 IpoQEeCcCUOHANTBHOM
JIeSITENIbHOCTH

OIIK-2.1 3HaeT mpUHIAIIEI pa0OTHI COBPEMEHHBIX
MH()OPMALMOHHBIX TEXHOJIOTUH, BKITIOYast TEXHOJIOTHH MAIIMHHOTO
00yd4eHust, 00JIauHbIX BHIYMCIICHNH, BEICOKOTIPOM3BOJUTEIILHBIX
BeryucieHnid (HPC) n napamiensHOro nporpaMMUpOBaHHUS;
OIIK-2.3 Bnageet HaBbIKaMU HCIOJIb30BAHMS BBIYUCIUTEIbHBIX
METOIOB, BKJIIOUasi MacCOBO-NapasuienbHble Beruucienus Ha GPU,
Jutst 00yueHus 1 pa3BEpTriBanus Moaenei UU;

OIIK-2

CriocobeH pa3pabaTsiBaTh
ITOPUTMUYECKAC U
MIPOrPaMMHBIE PELICHUS B
0071aCTH CUCTEMHOTO 1

OIIK-3 TIPUKIIATHOTO
IPOrPaMMHPOBAHHUSI,
MaTeMaTHYECKUX U
WH(POPMAIMOHHBIX MOJETICH, 0a3
JTAHHBIX, CPEJICTB TSCTHPOBAHHUS,

OI1K-3.3 Bnageet HaBBIKAMH CO3JIaHUS, TECTUPOBAHUS 1 OTIAJKH
aNTOPUTMUYECKHUX U MTPOTPAMMHBIX pelieHui yis cuctem U,
BKITIOUast pa3paboTKy ManIuIaifHOB 00paOOTKHU JaHHBIX U O0yYEHUS
MOJICIICH;




NupukaTopsbl 10CTHKEHHS KOMIICTCHITMA
Mudp Komnerennus A PeI N I
(B paMKax JaHHOW JMCIMIUIMHBI)
MPUTOJHBIE [l IPAKTUUIECKOTO
IIPUMEHEHUs
Crioco0eH aHaIn3upoBaTh
e00BaHM K IPOrpaMMHOM
» porp Y [IK-1.1 AHanu3upyeT BO3MOKHOCTH peanu3aluu
obecrieyennro cucteM MU, .
IK-1 (YHKIIMOHAJBHBIX U He(YHKIMOHAIBHBIX TpeboBanuii k [10
pa3pabaThIBaTh TEXHHYECKHE
cucteM VU, BeIABISET NPOTUBOPEUUS U OTPAaHUUECHHUS,;
crenu(puKay 1 TEXHIIECKOE
3aJ]aHiE Ha CHCTEMY
Crioco0OeH poeKTHPOBATh
APXUTEKTYpy MH()OPMAIMOHHBIX K21 10
-2. OEKTUPYET apXUTEKT NC c xomnonenramu N
TIK-2 cHCcTEM ¢ KoMIroHenTamu VU, p pyer ap yPY L
BBIOMPAET apXUTEKTYPHBIE MATTEPHBI M TEXHOJIOTHUECKUH CTEK;
pa3pabaTbIBaTh MPOTOTHUIIBI U
0a3bl JaHHBIX TAKUX CHCTEM
Crioco6eH pOBOANTH MEPEIOBBIC
nCCIeI0BaHMs B 00IaCTH
FC-1 A FC-1.3 Pa3BuBaeT MeTObl YCKOPEHUsI 00YUCHUS;
ApPXUTEKTYp, anroputMoB MO,
ONTUMU3AIMY U MATEMATUKU
CriocoOeH NPUMEHSITH SI3bIK
PL-1.3 PazpabarsiBaeT 1 NOJJIEP)KUBAET CUCTEMBI 00pab0TKH
PL-1 nporpammupoBanus Python must N
OOJIBIINX JAHHBIX Pa3JINYHON CTENECHH CJIOKHOCTH;
peleHus 3a1a4 B obmactu A

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

Hucuunnuna «[lapamnensHoe u pacmpeneieHHOEe MPOrpaMMHUPOBAHKME» OTHOCHTCS K
o0s3aTenpHOM yacTu Omoka 1 «/lucuurmmmael (Moaysn)y» 00pa3oBaTeIbHON MPOrPaMMbl BBICIIIETO
oOpa3oBaHMUs.

B pamkax o0pa3zoBaTeNbHON MpOTrpamMMbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TaKXKe
OCBaWMBAIOT JIPYI'He€ JWCHUIUIMHBI ~W/WIA  TPAKTUKH, CIIOCOOCTBYIOIIHME  JIOCTHKCHHIO
3aIJIAaHUPOBAHHBIX PE3yJIbTATOB OCBOCHUS TUCHUIUIMHBI «llapannenbHoe W pacmhpeesieHHOe
MIPOTPAaMMHPOBAHUE.

Tabauya 3.1. Ilepeuenv xomnonenmos OI1 BO, cnocobcmayrouux 00CMUICEHUIO
3ANl1AHUPOBAHHRbLX pe3)1bmamoe OC60€E€HUA OMCI/[I/U’UZMHbl
IIpenmecrByomue Hocaenywomue
Mudg Haumenosanue uﬂcﬁnl:mlmuyMol; JIN Hﬂcul/ll'l.l'llflll-ll)l:l/;luOZ[ JIN
P KOMIIeTeHIHH * o, * o,
NPAKTUKH NPAKTUKH

CriocobeH moHNMaTh
TIPUHITAITEI Pa0OTHI
COBPEMEHHBIX

MaccoBo-napamieabHbie
nH()OpPMALMOHHBIX Hcropust u Teopust
TEXHOJIOTHI U IPUMEHSTh MPOrpaMMHPOBAHUS; BBIMHCIICHIA B MAITHHHEOM

> . o00yuennu (GPU);

KOMITBIOTEPHBIE METO/IbI, BBejieHue B HCKYCCTBEHHBIH

OcHOBBI ITyOOKOT0 00Y4EHHUS;

OIIK-2 COBPEMEHHOE NPOTPAMMHOE | MHTEJJIEKT;

MeTo/1p1 MAIIMHHOTO
oOecrieueHrE, B TOM YHCIIC IMporpamMmmupoBaHUe Ha A3bIKE 0BVUCHS:
OTEYECTBEHHOTO Python; M ’

Heiiponssie cetw;
MPOUCXOKACHHUS, IS
petieHust 3a1a4
npodeccrnoHaTbLHOM
JIeSTeIbHOCTH
CriocobeH pa3pabaThiBaTh TexHonoruueckast (MpOESKTHO- MeTo1bI MAITUHHOTO
AITOPUTMHUYECKHE U TEXHOJIOTUYECKasT) TPAKTUKA 00yueHus;
MPOrpaMMHEBIE PEIICHHS B (yueOHnas); HetipoHHnsie cetu;

OIIK-3 00J1aCTH CHCTEMHOTO H JlnckpeTHast MaTeMaTHKa; TexHonoruueckast (MpOESKTHO-
MPHUKIIAHOTO Hcropust u teopust TEXHOJIOTUYECKAs) TPAKTUKA
IpOrpaMMUPOBAHHUSI, MPOrpaMMHPOBAHUS; (pou3BOICTBEHHAS);
MAaTEMAaTUYECKHUX U [MporpammupoBanue Ha si3bike C++;




IIpenmecrByomue Hocaenywomue
HIngp HanvenoBanue uncﬁnl:mMHLJMol:ynn, uncunnnnl}ll)lillﬁlonynn,
KOMITETeHI[AH * ",
NMPAKTHKHA NMPAKTHKHA
WH(QOPMALMOHHBIX MOJICICH, | AJITOPUTMBI U CTPYKTYPHI JaHHBIX;
0a3 TaHHBIX, CPEICTB Beenenune B 0a3bl TaHHBIX;
TECTHPOBAHUS, IPUTOIHEIC [IporpaMmmupoBaHue Ha SI3BIKE
JUTSL IPaKTUYECKOTO Python;
MIPUMEHEHHUS MeTtonbl pa3paboTKH peleHui Ha
OCHOBE HCKYCCTBEHHOTO
nutemekra (Git, Docker);
OKcIuTyaTallMOHHAs IPaKTHKA
(Ipon3BOACTBEHHAS);
[IpenumioMHast IpaKkTHKa;
TexHonormyeckasi (POSKTHO-
TEXHOJIOTUYCCKAs) TPAKTHUKA
DKCIUTyaTallMOHHAS PAKTHKA (mpou3BOACTBEHHAS);
(yueOHas); MetobI MAaIIMHHOTO
TexHonormyeckasi (POCKTHO- 00y4eHus;
TEXHOJIOTUYCCKAs) TPAKTHUKA MaccoBo-napaieabHbIe
(yueOHnas); BBIYHCIICHUS B MAIIHHHOM
[IpaBoBeneHue; obyuennu (GPU);
Crioco0OeH aHAJIM3UPOBATh BBeneHne B MCKyCCTBEHHBIT OnrruMu3anys MoIenei
TpeOOBaHUs K HWHTEJUIEKT; MaITHHHOTO 00YYEHNS;
MIPOrPaMMHOMY HcKycCTBEHHBIM HHTEIUIEKT U OCHOBBI TNTyOOKOTO 00YYEHNS;
obecneuenuto cucrem 1, KOTHUTHBHAS TICUXOJIOTHSL, BezonacHocTh crcteM
IK-1 pa3pabaTbIBaTh Dtuka 1 6e30MacHOCTb HCKYCCTBEHHOTO MHTEIICKTA;
TEXHUYECKHE HCTIOJIB30BaHUS HCKYCCTBEHHOTO [IpakTuveckas MOArOTOBKA Ha
cnenuUKaI 1 HHTEJUICKTA; MPOEKTAaX OTPACIEBBIX
TEXHUYECKOC 3aJIJaHHe Ha HUctopus u Teopust WHTyCTPUAIBHBIX TAPTHEPOB;
cucTeMy MIPOrpaMMHPOBAHUS; Bonvuue saszvikosvie
[IporpammupoBanue Ha si3bike C++; | mooenu™*;
MeTtonbl pa3paboTKH pelieHu i Ha MLOps 1 npoMbITIIIEHHAS
OCHOBE HCKYCCTBEHHOTO pa3paboTKa cucTeM
nutesekra (Git, Docker); HACKYCCTBEHHOTO MHTEJIICKTA;
Bsenenue B 0a3bl JaHHBIX; Heiiponnsie cety;
IIpoexktupoBanue u
pa3paboTka cucteM
KOMIBIOTEPHOTO 3PCHUS;
[MpakTukym o odpadorke
ecTecTBeHHOrO s13b1ka (NLP);
MaccoBo-napaieabHbIe
BBIYMCIICHISI B MAIIHHHOM
obyuennu (GPU);
[IporpammupoBanue Ha s3bike C++; MLOps u npomsimerias
MeTtobl pa3paboTKH peleHu i Ha paspadoTka cucTem )
OCHOBE HCKYCCTBEHHOTO HCKYCCTBEHHOTO MHTEIJICKTA;
. ) [IpakTr4eckas NOATOTOBKA Ha
CriocoOeH IpOeKTHPOBATh mnrennexta (Git, Docker), | mpoekTax oTpacieBbIX
APXUTEKTYPY AJITOPUTMBI H CTPYKTYPbI MAHHEIX; WHTyCTPUAIBHBIX TAPTHEPOB;
[IporpaMmmupoBaHue Ha SI3BIKE
UH(QOPMALMOHHBIX CUCTEM C Python: [IpoekTupoBanue u
[K-2 koMmmonenramu 1N, ’ pa3paboTka cucteM

pa3pa6an,1BaT}, MPOTOTHUIIBLI
u 0a3bl JaHHBIX TaKUX
CUCTEM

Bsejaenue B 6a3bl JaHHEIX;
Texnonormyeckasi (POSKTHO-
TEXHOJIOTHYECKAs) TPAKTHKA
(yueOHnas);
DKCIUTyaTalldOHHAs MPaKTHKa
(yueOHnas);

KOMITBIOTEPHOTO 3pPEHUS;
[MpakTukym 1o oopadorke
ecrecTBeHHOTO s13b1Ka (NLP);
OCHOBBI TTyOOKOTO 00yYEHHS;
Baiibo-kooune**;
DKCIUTyaTalMOHHAS TIPAKTHKA
(Ipou3BOACTBEHHAS);
[peaaumioMHas MpakTUKa,
TexHonormyeckasi (POSKTHO-
TEXHOJIOTHYCCKAs) MPAKTHUKA




IIpeamecTByomue Hocaenywomue
Mudg HanvenoBanue uucﬁnl:IJIMHLJMol: JIN uucunnnnl}ll)lil/ﬁlon JIN
P KOMITETEH I 0 ynm, " yoiu,
NMPAKTHKHA NMPAKTHKHA
(mpou3BOACTBEHHAS);
Texnonormyeckasi (POSKTHO-
TexHonormyeckasi (POSKTHO-
TEXHOJIOTUYCCKAs) TPAKTHUKA
TEXHOJIOTUYCCKAs) TPAKTHUKA
(mpou3BOACTBEHHAS);
(yueOHast);
Crioco0eH IPUMEHSTH SA3BIK DKcIuTyaTaninoHHas MPaKkTHKa
IIporpammupoBaHue Ha S3bIKE
nporpamMMmupoBanus Python (Ipou3BOACTBEHHAS);
PL-1 Python; " s
JUTSI peIeHHs 3a/1a4 B ANTOPHTMBL 1 CTPYKTYPbI AAHHBIX: Baiibo-kooune**;
obmactn MU p PYKTYP ’ MeTo1pI MAIIMHHOTO
CraTucTH4ecKkrne MeTOIBI U
N o0OydeHus;
MIEPBUYHBIIN aHAIN3 JaHHBIX;
OCHOBBI TTyOOKOTO 00yYEHHS;
[penuruioMHas MpaKkTUKA;
Texnonormyeckasi (POSKTHO-
TEXHOJIOTUYCCKAs) TPAKTHUKA
(mpou3BOACTBEHHAS);
DKCIUTyaTallMOHHAS TPAKTUKA
MeToabl MalIMHHOTO
(yueOHast);
N 0o0ydeHus;
CriocobGeH poBOIUTh Jluneitnas anrebpa; N
o OnTuMu3anus MoaeIe
TIepeOBhIC UCCIEIOBAHNA B | MaTeMaTn4ecKuii aHajms; )
00JacTH apXUTEKTYP Teopus BeposTHOCTEH U MAIIHHHOTO 00y HCHH;
FC-1 ’ HetipoHnHsie cetu;

anroputMoB MO,
ONTHMU3ALNH U
MaTeMaTUKU

MaTeMaTHIeCcKasi CTATUCTHUKA;
BBenenue B HCKyCCTBEHHBIN
WHTEJJIEKT;

Yucnennas nuHeiHas anre0pa;

[TpakTHyeckas OATOTOBKA Ha
IPOEKTaX OTPACIEBBIX

WHJy CTPUAJIbHBIX [TAPTHEPOB;
OcHOBBI ITyOOKOT0 00Y4EHMS;
MaccoBo-napasuiesibHbIe
BBIYKCIICHHS B MALIMHHOM
o0yuenun (GPU);

* - 3aI0JIHSETCS] B COOTBETCTBUM ¢ Marpuueil komnerenimidi u CYII OIT BO
** _ JIeKTUBHBIC JUCIMILTAHBI /TIPAKTUKH




4. OFBEM JJUCIHUIIJIMHBI U BUAbI YYEBHOMN PABOTHI

Ob6mas Tpya0eMKOCTh AucuuIuiiHbl «[lapaniensHoe u pacipeeieHHOe MPOrPaMMUPOBAHKE) COCTABISET «3) 3a4ETHBIC €IUHHUIIBI.
Tabauya 4.1. Buowvl yuebHot pabomvi no nepuooam 0cC80eHUs 00pa308amenbHOU NPOcPAMMbL 8blCUlec0 00pa3z08anusi OJisi OYHOU (Hopmbl
00yueHus.

Bupa yueOHoii padoThI BCEI'O, ak.u. CeMecsT P(-bD)
Koumaxmmnas paboma, ax.u. 51 51
Jlekuuu (JIK) 0 0
Jlaboparopusie pabotsl (JIP) 0 0
[TpakTnueckue/cemunapckue 3ansrus (C3) 51 51
Camocmosmenvras paboma oby4arwuxcs, aK.u. 48 48
Koumponw (sx3amen/3auem c oyenkoil), ax.u. 9 9
Oo0masi TpyA0eMKOCTh ¥ CHMIIJIMHbBI aK.v. 108 108
3a4.e/l. 3 3




5. COAEP)KAHUE JUCIIAITJIMHbI

Tabnuya 5. 1. Coodeporcarue oucyuniunsl (Mo0yis) no eudam y4ebHou pabomol

Bug | ®opmup
Homep | HaumenoBaHue pa3igena yueOHO# | yemble
HaumeHoBaHHE TeMBbI Copep:xaHue TeMbI
pa3nea JHCIMIIIMHBI padoThl | HHAUKA
* TOPBI
MortuBanus: 3akoH Mypa u cTeHa MOIIHOCTH, MHOTOSIepHas
apa. Knaccupukamus @mmuna: SISD, SIMD, MISD, MIMD.
Apxutexrypsl: MHorosgaepasie CPU, GPU (SIMT), kiactepsr
BBenenne B nmapamienbHbIe BEIYHCICHIS. p yp Aep > ( ), PEL, OIIK-2.1,
1.1 obOnadHble BeIYUCIeHUs. Moaenu namsaty: oomias (shared C3
APXHTEKTYPbI . . IK-1.1
memory), pactpenenénnas (distributed memory), rubpuanas.
3akon AMpana u 3akoH ['ycradcona: npenen yckopenus. Cesizb
¢ obyuenuem mojeined MU: nouemMy HykeH Hapajuiesin3m
Iporece vs. MOTOK: aapecHoe MPOCTPaHCTBO, overhead,
komMyHukanusi. Global Interpreter Lock (GIL) B CPython: uro
OJIOKUpYET, IT0YEeMy CYIIECTBYET, Kak 000HTH. Moyb OIK-23
1.2 |Ilotoku u nponeccs B Python. GIL threading: co3nanune noroxos, Thread, join, daemon. Monyns C3 OIK 3' 3’
multiprocessing: Process, start, join. CpaBaenwne: threading vs. ’
multiprocessing mst CPU-bound u 10-bound 3amau. Ipaktuka:
3aMepsl BpeMEeHH ISl 000MX MOIX00B
OCHOBBI TTapATIICITLHBIX [Tpobaemsl mapamrenu3Ma: TOHKA JaHHBIX (race conditions),
BBIYHCIICHUN H nennoku (deadlocks), livelock, starvation. [TpumuTHBBI
Paszgen 1 ..
MHOTOIIOTOYHOE cuaxporm3anuu: Lock, RLock, Semaphore, Event, Condition, OIIK-2.3,
1.3  |CuHXpOHHU3aLHKs TOTOKOB U TPOIECCOB . C3
MIPOrPaMMHPOBAHHE Barrier. Aromapnsie onepanuu. [latrepH producer-consumer ¢ OIIK-3.3
Queue. [IpakTuka: 1eMOHCTpAIVsI TOHKY JaHHBIX, UCTIPABICHHUE
¢ nomoursio Lock, peanuzanus producer-consumer
BricokoypoBHeBblit API: concurrent. futures —
ThreadPoolExecutor, ProcessPoolExecutor. Merozsl: submit, OIK-23
1.4 ITyBl IOTOKOB U MPOLIECCOB. map, as_completed, result. OOpaboTka HCKIIOYEHNUI B MyJIax. 3 OHK—3' 3’
' concurrent.futures Br16op uncna Bopkepos. [IpakTuka: napamiensHas oopaboTka FC-1 3 ’
Habopa MaHHBIX (3arpy3ka (aiioB, IpUMEeHEHUE ’
TpaHchopMaIii K n300paKEHUsIM) C 3aMEPOM YCKOPESHHSI
multiprocessing: Pool, map, starmap, apply async. Obmen
JMAaHHBIMA MeX Ty Tporieccamu: Pipe, Queue, Value, Array,
Manager. Shared memory (multiprocessing.shared _memory). OIIK-2.3
1.5 |MmuoromnporeccHas 00pa0doTKa JaHHBIX & ry ( p & = y) C3 ’
IIpakTuka: nmapayenbHas mpenoopadoTka gaTacera FC-1.3

(HOopMmanm3anums, ayrMenTanus) ¢ multiprocessing.Pool.
CpaBHeHue ¢ T0ciIe/I0BaTeIbHOM 00paboTKOM




Bupg | ®opmup
Homep | HammeHoBaHue pa3sgesa yueOHoOIi | yemble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JAVCHUTIIHHBI padéoThl | HHAHKA
* TOPbI
Bexropuzanus NumPy xak HesBHbIN napamnenusm (BLAS,
LAPACK, MKL). Hactpotiika umcia IOTOKOB:
OMP NUM THREADS, MKL NUM THREADS.
[MapannensHast 00paboOTKa JaHHBIX C = - —~ T FC-1.3,
1.6 [Mapannensusle onepanuu B Pandas: Dask DataFrame (0630p), C3
nomotnkio NumPy u Pandas . OIIK-2.3
modin (0630p), pandarallel. IIpakTuka: cpaBHeHHE CKOPOCTH
nukia, vectorized NumPy u mapamrensHoro Pandas Ha 3amade
00paboTKH OOJIBIIIOTO JIaTaceTa
CkBO3Has 3a7a4a; 3arpy3ka 00bmoro Habopa u300paxeHuii —
napajuielsHOe U3MEHEHHE pa3Mepa U ayTMEHTaIUs
NV (ProcessPoolExecutor) — mapaiensHOe BEIUHCICHHIE FC-1.3,
[IpakTukyM: mapajutenbHBIA TaiTIaiH . .
1.7 cratucTuk (multiprocessing.Pool) — coxpaneHne pe3ynbTaToB. C3 OIIK-3.3,
penoopadoTKu JaHHBIX 111 ML -
3aMep yckopeHus. AHaNM3: 3aKOH AMJana Ha IPaKkTUKe, y3KHUe IK-1.1
mecrta (I/O vs. CPU). [loxymeHTHpOBaHHE TpeOOBaHUH K
TPOU3BOJIMTEIEHOCTH
Monens cobbiTritHOTO IUKIa (event loop). KopyTuHsr: async
def, await. OTiInuMe OT IOTOKOB: KOOIEPATHBHAS
. |MHOro3aga4HoCTh. asyncio.run, asyncio.gather, OIIK-2.3,
2.1 | AcuHXpOHHOE NPOrpaMMHUpPOBAHUE: aSyNncio . C3
asyncio.create task. ACHHXpOHHBIE T€HEepaToOpbl 1 KOHTEKCTHBIC OIIK-3.3
MeHemkepsl. Korna ucmonb3oBath asyncio: 10-bound 3amaum,
CETEBBIC 3aMPOCHI, BeO-CepBePhI
bubnmoteka aiohttp: acuaxponusie HTTP-3ampocsr
(ClientSession, get, post). Cemadopsb! uTsl OTpaHUICHUS YUCIIA
. OJTHOBPEMEHHBIX 3ampocoB. OO6paboTKa OMMOOK M TalMayTHI. OIIK-2.3,
2.2 |Acuaxponnsiit HTTP u pa6ora ¢ API . C3
ACHHXpOHHOE p P [IpaxTrka: acHHXpOHHEIH c6op nanHex n3 REST API OIIK-3.3
Paznen 2 | mporpamMmupoBaHe U (mapasnnenpHas 3arpy3Ka JaHHBIX W3 HECKOJIBKUX HCTOYHHUKOB).
CETEeBOE B3aHMO/ICHCTBHE CpaBHeHHUE ¢ CHHXPOHHBIM requests
REST API: npunuumnst, HTTP-metoas1, JSON, FastAPI
(0030p). gRPC: Protocol Buffers, onpexnenenue cepBucos,
23 ApPXHUTEKTYpBI CETEBOTO B3aMMOJICHCTBHS: | TEHEpaLys KoJia, OTOKOBas nepenaya. Ouepean cooOMEeHHIA: 3 OIIK-2.1,
) REST, gRPC, ouepeau RabbitMQ, Redis Pub/Sub (0630p). [1aTTepHs!: 3anpoc-oTBeT, IK-2.1
My ONMKaLMs-IOANNCKa, oYepeb 3aaad. Kpurepuu BeIoopa:
JIATEHTHOCTb, IPOITYCKHAsI CITIOCOOHOCTH, HAIEKHOCTh
MOHOIUT VS. MUKPOCEPBHCHL: IPEUMYIIIECTBA U HEIOCTATKH.
MuxkpocepBucHas apxutexTypa mis M- pocep PeHMYIIL A IK-2.1,
2.4 cHeTeM Muxpocepsucs! a1 ML: cepBuC JaHHBIX, CEpPBHC O0yUYCHHUS, C3 OIK-2 1

cepBuc nH(pepeHca, cepuc MounTopunra. KonreltHepuzanus
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mukpocepsucoB (Docker). Opkectpauns (Docker Compose,
Kubernetes — 0030p). API Gateway. Service discovery. CBs3b
¢ marTepHamMu npombiiuieHHbIX M -cucrem
Peanu3zanus acHHXpOHHOTO BeO-cepBUca IpeCKa3aHuil Ha
FastAPI: 3arpy3ka monenu, endpoint predict (async), batch PL-13
25 IIpakTuKyM: aCHHXPOHHBII cepBHC predict. Harpyzounoe tectuposanue (locust / wrk). CpaBHeHHe 3 OHK-.3 %
’ nHpeperca MIPOU3BOIUTEIHLHOCTH: CHHXPOHHBIN VS. ACUHXPOHHBIHN K2 1 ’
obpaboTunk. OrpanndyeHue mapamienn3ma. O6padoTka onmdok ’
Y TaliMayThl
Omnpenenenne cepuca B .proto: PredictRequest,
PredictResponse. I'eneparus Python-koma (grpc_tools). PL-13
Peanuzanus cepsepa u knueHra. IlorokoBas nepenaua (server o
2.6  |IIpaxtuxym: gRPC-cepsuc ans mogemn ML all pBep penaua ( C3 OIIK-2.3,
streaming). 3amep narenrHocTH. CpaBaenue gRPC u REST no K2 1
CKOPOCTH M 00bEMY TepeaaBaeMbIX JaHHbIX. [IpakTuka: '
passépreiBanue B Docker-konTeiinepe
Celery + Redis: onpenenenue 3a1ad, 3a1ryck BOPKEpOB,
OTIpaBKa 3aj1a4, NOJyuYeHHe pe3yibTaToB. [IpakTuka:
ACHHXpOHHAsi 00pabOTKa 3aIpOCOB Ha 00yUYEHUE MOJIEIIH PL-1.3,
[Ipaktukym: ouepens 3agay 1iss ML-
2.7 N (3amaua craBHTCS B 04€pe/ib, BOPKEP BHINOJIHAET 00y4YeHue, C3 IK-2.1,
maiimaitaa
pe3ynbTat Bo3Bpaiaercs). Monuropusr 3aia4 (Flower, 0030p). OIIK-2.3
OO6cyxneHne: KOT/Ia NCTIONb30BaTh 0YE€PEIH VS. CHHXPOHHBIHA
BBI30B
Pacnipenenénnbie CUCTEMBI: Onpe/eeHre, CBOMCTBRA
i MIPO3PavHOCTh, 0TKA30yCTOMIMBOCTD, MAaCIITAOUPYEMOCTB).
Pacripenen€HnbIe BEIYUCIICHUS: MOJCITH U (1posp y Py ) OIIK-2.1,
3.1 Teopema CAP. Koncencyc (Raft, Paxos — 0030p koHIenImm). C3
MaTTePHBI IK-2.1
ITarrepr MapReduce: npunmum, stansr (Map, Shuffle, Reduce),
npumepbl. CBsi3b ¢ pacnpenesiéHHbIM 00yueHueM Mojeneit MU
Pacnipenenénnsie Monens nepenaun coobmenunii (Message Passing Interface).
Paznen 3 |BerumcieHus u o06padboTka mpidpy: nannmanuzanus (MPL.COMM WORLD), rank, size.
JTaHHBIX 32 MPI: 0OMeH COOOIICHUIMU MEKITY Toueunsie onepanuu: Send, Recv, send, recv. KomnexkTusHbie 3 OIIK-2.3,
’ mporeccaMu omepanuu: Beast, Scatter, Gather, Reduce, Allreduce. OIIK-2.1
[pakTHKa: napauielbHOE BEIYUCICHUE YHCIIA T METOA0M
Mounre-Kapno ¢ MPI
. Pacnpenenenue qaHHBIX MEXKIY IpolieccaMmu: Scatter st OIIK-2.3,
3.3 MPI mnst mapamiensHOM 00pabOTKH JaHHBIX pel A ALy ipon A M C3
paszouenust maccuBa. [lapamtensHas 00padoTKa (KaXK bl FC-1.3
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npouecc odpadaTbiBaeT cBoO 4acTh). COOp pe3ysbTaToB:
Gather, Reduce. IIpakTuka: napajuiensHOE BEIYUCICHUE
CTaTHCTHK (CpeHee, TUCIIEPCHS) 10 YacTsIM OO0JIBIIOTO
naracera ¢ MPI. 3amep yckopeHus ¥ 3 QeKTUBHOCTH
Dask: apxutekrypa (scheduler, workers, client). Dask Array:
napasuienbHbIi anagor NumPy. Dask DataFrame:
.. . napaensHblit ananor Pandas. Dask Delayed: nernBbie FC-1.3,
3.4 | Pacnpenenéunaz obpaborka fammbix: Dask BBIUHCIeHM, rpad 3amad. [Ipakruka: 00paboTka naTacera, He c3 OIIK-2.3
MOMEIIAOUIEroCsl B TaMATh OJHOTO y31a. Busyammsanus rpada
3amad. CpaBaenue ¢ Pandas
Ray: apxurekrypa (driver, workers, object store). Ray Core:
remote functions (@ray.remote), remote actors. Ray Data:
. . . . FC-1.3,
Pacnipenenénnast o0Opabotka naHHbeix: Ray | pacnpeznenénnsie natacersl. Ray Train u Ray Serve (0630p).
35 ) C3 |OIIK-2.3,
(0630p) Cpasuenne Dask u Ray: monenu Beinonnenus, API, PL-13
skocucteMbl. [IpakTuka: pacrpenenénnas npenpodpadboTka ’
JlaHHBIX ¢ Ray
CkBO3Hasl 33/1a4a; 3arpy3Ka JaHHBIX U3 HECKOJIBKUX
ucrounnkoB (Dask/Ray) — mapainienbHast O4MCTKa U
TpaxTiiym: pacnpeaendumbiii ETL- TpaHcdopmanus — arperanys — COXpaHEHHE Pe3yIIbTaToB. FC-1.3,
3.6 N N Pabota ¢ maHHBIMU, MPEBBIMAIONTUMHI 00bEM OTIEpATUBHOM C3 IIK-1.1,
WEV I EN:
aMsTH. 3aMepbl IPOU3BOAUTEIHLHOCTH. AHANIN3 Y3KUX MECT. IK-2.1
JIOKyMEHTHpOBaHHUE apXUTEKTYPHI MalIIaiiHa 1 TpeOOBaHUH K
pecypcam
Crparernu napamienpHoro ooydenus: data parallelism, model
parallelism, pipeline parallelism. Data parallelism: xaxmprit
GPU o6pabatsiBaeT cBO# 0aTd, rpaiueHTHl yCPETHIIOTCS FC-1.3
4.1 |[MapamensHoe oOyuenue: data parallelism | (AllReduce). PyTorch DataParallel (dp) n C3 P
S . . OIIK-2.3
DistributedDataParallel (DDP). CuHXpOHHBII 1 aCHHXPOHHBIH
IMapannensHoe 1 : .
N SGD. Macmrabuposanue learning rate. [Ipaktuka: o0yueHue
Pasnen 4 |pacnpenenéHnoe ooydeHue
voxencii UH CNN ¢ DDP Ha HeCKOJIBKHX Mpoleccax
A Hacrpoiika DDP: init_process group, DistributedSampler,
DistributedDataParallel. 3amyck: torchrun, FC-1.3
4.2 |PyTorch DistributedDataParallel: mpaktuka |torch.distributed.launch. O6y4enune Ha Heckonpkux GPU (v C3 OHK-é ’3

nmuTtarys Ha CPU). CoxpaHeHue u 3arpy3Ka 4YeKIIOUHTOB B
DDP. 3amepsr: throughput (samples/sec), scaling efficiency.
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Tunuyable OIMOKK U OTJIAIKA
Model parallelism: pa3menieHue pa3HbIX CJIOEB Ha Pa3HBIX
GPU. IIpobnema: nociaeoBaTenbHOCTh CIOEB — MPOCTON
. . . PU. Pipeli llelism:
Model parallelism u pipeline parallelism GPU. Pipeline p aratielIsim. pasieieHHe MO/CIH Ha CTa UM, FC-1.3,
43 mukpobOarun. GPipe, PipeDream (0630p). Tensor parallelism: C3
(0630p) OIIK-2.1
pasnencHue oxHoro cios (Megatron-LM, 0630p). ZeRO
(DeepSpeed, 0630p): pactpeieieHne COCTOSTHUS
ontuMusaropa. Korzna kakoi noixo[1 MCOIb30BaTh
PyTorch Datal.oader: num_workers, pin_memory,
prefetch_factor. Y3koe ropmneimko: CPU-bound mpeno6paboTka
. GPU-00yu4e . DALI (NVIDIA Data Loading Library,
[Mapamnensusiit Dataloader u yckopenue fpH YHCHIH ( . & y FC-1.3,
4.4 0030p). WebDataset 11t mOTOKOBO¥ 3arpy3Ku OOJIBITHX C3
MOATOTOBKU JTaHHBIX OIIK-3.3
naraceroB. [Ipakruka: npoduimposanne Datal.oader
(torch.utils.bottleneck), onTumu3zarus num_workers, 3amep
BIIMSIHMSL Ha oO1iee BpeMsi o0ydyeHust
Wndepenc-cepep: napaenbHas o6padoTKa 3a1pocoB.
Barunposanue 3anpocos (dynamic batching). Triton Inference
Pa3BépThiBaHNe MOJIeNel ¢ mapaieNnbHON Server (06%0p): HOJLIEPIKKA MHOXECTBA §peiimBopios, PL-1.3,
4.5 060a6OTKOM 3A1DOCOR MOJICNIbHBIN aHcaM0ITb, MaciutadbupoBanue. TorchServe C3 K21
P p (0630p). ITpakTuka: FastAPI + asyncio + ProcessPoolExecutor )
JUT apaiensHoro nHpeperca. Harpy3zogHoe TecTipoBanue,
aHAJIN3 TIPOITYCKHON CTIOCOOHOCTH
duHaNbHAS HHTETpAIM: pacipeneiaéHaas npeaoopadoTka
nauabix (Dask/Ray) — mapamnensaoe o0yuenue moaenu (DDP)
— acUHXpOHHEIN cepBuc nHpepenca (FastAPI) — odepenn FC-1.3,
46 [TpakTHKyM: UTOTOBBIN MPOSKT — 3amayd (Celery). Docker Compose st BceX KOMIIOHEHTOB. 3 PL-1.3,
' pacnpenenéunsiit ML-naiinnaitn 3aMepbl IPOU3BOAUTENLHOCTH Ha KaXKJIOM JTalle. IK-2.1,
JlokyMeHTHpOBaHUe apXUTEKTYpPbl, 000CHOBaHHE BHIOOpa IK-1.1

TEXHOJIOTHIA, aHAJIU3 OTPAaHIYCHHUIA MaCIITA0UPYEMOCTH.
IIpesenTanust

* - 3anmonasetcs Toiapko o QUHOMW dopme oOyuenus: JIK — nexyuu; JIP — nabopamopuvie pabomet, C3 — npaxmuueckue/CeMunapcKue 3ansamusi.
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6. MATEPUAJIbHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

Tabnuya 6.1. MamepuanbHo-mexHuueckoe obecneuerue OUCYUNIUHbL

Crnenuajau3upoBaHHOe
yueOHoe/1a00paTopHOE
odopynoBanue, I10 n
MAaTepHAaJIbI J1JI51 0CBOECHUS
AUCHMILINHBI
(mpu HeOOXO0AMMOCTH)

Tun aynuropun OcHaleHue ayauTopun

AynuTtopust Ui IpOBEACHUS 3aHITUI
CEMHHAPCKOT'0 THUIA, TPYIIOBBIX U
VH/IMBUYaTbHBIX KOHCYJIBTAIIUN, TEKYIIETO
JUBHILY YIRTEUIH, TCKYIIL IlepconanbHbie
KOHTPOJISI U TPOMEKYTOYHOM aTTeCcTalu,
CemuHapckas KOMIIBIOTEPBI,
OCHAIIEHHAs] KOMIIJIEKTOM

N neooxoaumoe 110
CHeIHaTN3UPOBAaHHON MeOeH 1
TEXHUYECKUMHU CPEACTBAMHU MYJIbTUMENA

MpE3EHTAaIH.

AynuTopHst Ui CaMOCTOSTEIIbHOW PaboThI
oOydJaroruxcs (MOXKET UCIIOIh30BaThCS IS

Hns o IlepconanbHbie
. | TPOBEIEHUS CEMHUHAPCKUX 3aHSATHH U
CaMOCTOSTCIIBHOU o KOMHLIOTGpBI,
KOHCYJIbTAITUH ), OCHAIIEHHAs KOMILIEKTOM
paboThl "eoboxoaumoe I10

CHEIMATN3UPOBAHHON MeOeH
KomnbroTepamMu ¢ goctynom B DMOC.

* - ayauTopHs Ul CAMOCTOATEIbHON paboThl oOydatoniuxcs ykaspiBaeTcst OBSA3ATEJBHO!

7.  YYEBHO-METOJUYECKOE 1 HH®OPMAIMOHHOE OBECIIEYEHHME
JUCIHHUIIVIMHBI

OcHoenas tumepamypa:

1. MansBko, A. A. TlapamienbHO€ TPOrpaMMUPOBAHUE HA OCHOBE TEXHOJIOTHUI openmp,
cuda, opencl, mpi: yueObHuK st By30B / A. A. MansBko. — 3-e u3a., ucrp. u nom. — MockBsa:
NznarensctBO FOpaiit, 2025. — 135 ¢. — (Bricmee o6pazoBanue). — ISBN 978-5-534-14116-
0. — Texkct: osnextpoHHbI // OOpazoBartenbHast miaatgopma IOpaiit [caiit]. — URL:
https://urait.ru/bcode/562821
Hononnumenvnasn numepamypa:

1. JIynun, C. A. TexHOJ0THH TTapauIeILHOTO MPOrpaMMHUPOBaHUS : yueOHOe Tocobue /
C.A. Jlynun, M.A. IlocbmmkuH. — MockBa : ®OPYM : MHOPA-M, 2026. — 206 c. —
(Cpennee mpodeccuonanpHoe oOpazoBanue). - ISBN  978-5-8199-0853-2. - Texkcr
anekTpoHHbIH. - URL: https://znanium.ru/catalog/product/2222136
Pecypcuvl ungpopmayuonno-menekommynuxkayuonro cemu « Anmepnemy:

1. ObC PY/IH u croponnue OBC, K KOTOPBIM CTYJEHTbl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHUH 3aKJIIOYEHHBIX JOTOBOPOB

- DNEeKTPOHHO-OMOIMOTeYHAs cucrema PYJH - OBbBC PVYJH
https://mega.rudn.ru/MegaPro/Web
- OBC «YHuBepcuterckas 6ubnuoreka onnaita» http://www.biblioclub.ru
- OBC «}Opaii» http://www.biblio-online.ru
- OBC «KoncynbranT crynentay www.studentlibrary.ru
- OBC «3nannym» https://znanium.ru/
2. ba3bl TaHHBIX U TIOUCKOBBIE CUCTEMBI
- Sage https://journals.sagepub.com/
- Springer Nature Link https://link.springer.com/
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- Wiley Journal Database https://onlinelibrary.wiley.com/

- HaykomeTpuueckas 6a3a nanueix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 051 camoCmosmenbHol pabomol 00YUAIOWUXCA NPU
0CB80EHUU OUCYUNTUHBL/ MO0V ™!

* - Bce y4eOHO-METOAMYECKUE MaTepUaibl JIJII CAMOCTOSITEIIBHOM pabOThl 00YUYaIOIMIUXCS
pa3MelarTCsl B COOTBETCTBUM C JEHCTBYIOIUM NOPSAAKOM Ha cTpaHule aucuuiiuHsl B TYHUC!
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