MHHHUCTEPCTBO HAYKHU U BBLICIIETO OEPA3OBAHMUS POCCUUCKON
GEJIEPALIIU
(enepanbHOE rocy1apCcTBEHHOE aBTOHOMHOE 06Pa30BaTENBHOE YUPEKACHUE BEICIIETO
obpa3zoBaHus
"CAHKT-IIETEPBYPI'CKUI T'OCYIAPCTBEHHBIN YHUBEPCUTET
ABPOKOCMHUYECKOI'O ITPUBOPOCTPOEHU "

Kadenpa Ne 14

YTBEPXJAIO
PyxoBoauTens 06pa3oBaTensHOM IPOrpaMMBL

JIOIL K. T.H., JIOII

Jlucr cornacosanms paGoueil nporpaMMbl UCIY

IMporpammy cocraBun (a)

K.T.H.,JIOII, B.JL. OneneB

(ROMKHOCTD, yH. CTENeHb, 3BaHHE) (uHMIHANEL, damunus)

IIporpamma ono6peHa Ha 3acefanuu kadeapsr Ne 14

«19» deBpans 2025 r, nporokon Ne 6

3aBenyrowmii kadeapoit Ne 14

(RODKHOCTB, Y. CTEMEHD, 3BAHHE)

B.A. Henaies

/ }m,ﬂ: damumis)

K.T.H.,JIOIL B.JI. Onenen

(y4. cTenens, 3Banue) oun?, nara) (uunumans!, damunus)
3aMecTuTeNb AUPEKTOPA HHCTUTYTA Ne2 I eckoii pabote
JIOIL K. T.H.,JIOII, / H.B. MapkoBckas

W (/ (moxncs)
2 «20» (espans 2025 r

PABOYAS ITPOTPAMMA TUCLIUITJIMHEI

«ApaneKTypa IMapaJuICIbHBIX BEIYHCIIMTECILHBIX CHCTEM )
(HanveHoBaHHE AHCLHMTHHBY)

Koy HanpasiIeHust IOATOTOBKH/ 11.04.03

CIICIUAJIBHOCTH

HaumeHoBanue HarpaBJICHUA
MOATOTOBKH/ CIIENUATBHOCTH

KOHC’I‘pprOBaHPIG H TCXHOJIOTHA DJIEKTPOHHEIX CPEACTB

Haunmenoanue TTpoeKTHpOBAaHNIE ¥ KOHCTPYHPOBAHKME BCTPAUBAEMBIX
HalpaBIeHHOCTH CHCTEM /Il KOCMHYECKOTO M PaKETHOro 060pyA0BaHus
dopma oGyueHus OYHas

I'on npuema 2025

Cankr-IlerepOypr— 2025

(mOMKHOCTD, Y. CTENEHb, 3BaHUE) %ﬂ/}‘lcb, nata) . (HHUMAnbl, GamMumns)



AnHHOTAIUSA

JlucunminHa «ApXUTEKTypa MNapajuleNbHbIX BBIYMCIMTENBHBIX CHCTEM» BXOAUT B
00pa3oBaTeNbHYI0 IIPOrpaMMy BBICHIETO O00pa3oBaHUS — MPOrpaMMy MarucTpatrypsl IO
HampapieHuto moarotoBku/ crermansHocTd  11.04.03  «KoHcTpynpoBaHne # TEXHOJIOTHS
EKTPOHHBIX  CpeAcTB»  HamnpaBieHHOCTH  «IIpoekTupoBaHMe W KOHCTPYHpPOBaHHUE
BCTPaMBaeMbIX CHCTEM JJIsI KOCMHYECKOIO M pakeTHOro obopynoBaHus». JlucnuminHa
peanmsyercs kadeapoit «Neldy.

JlucuuruinHa HaneseHa Ha ()OPMUPOBaHKE Y BBITYCKHUKA CICAYIOIINX KOMITETCHIHN:

T1K-2 «Crocoben  paspabatrbiBaTh 3¢ peKkTUBHBIC aITOPUTMBI  PEIICHUS
c(hOpMyJIMPOBAHHBIX 3a/lad C MCIOJIb30BAaHUEM COBPEMEHHBIX SI3BIKOB IMPOrpaMMHPOBAHMS,
HCKYCCTBEHHOT'O MHTEIUIEKTa ¥ 00€CTIeUnBaTh UX MPOrPAaMMHYIO Peali3aiiiio»

CoznepxaHue AMCLUIUIMHBI OXBATBHIBAET KPYI BOIPOCOB, CBSI3aHHBIX aPXMTEKTYpaMu
MapaJuIebHBIX BBIYUCIUTENBHBIX CHUCTEM, aHAJIM3 MPOOJIEMHBIX CHTYAlMH, TEHACHIMSAMH HX
pa3BUTHS U IPUMEHEHHUSL.

IIpenonaBanne AMCLUMIUIMHBL IPEAyCMaTPUBAeT ciexyromme (GOpMbl OpraHu3aLuu
yueOHOro Ipolecca: JICKIHH, NPaKTHYECKHe/CEMUHAPCKUE 3aHATHS, CaMOCTOsATeNbHasl pabora
00y4aromerocs.

IIporpamMmoii JUCUMIUIMHBI TPEAYCMOTPEHBI CIECAYIOLIME BHIbI KOHTPOJS: TEKYIIUH
KOHTpOJIb YCIIEBAEMOCTH, IPOMEXYTOUHAsI aTTecTanus B hopme 3auera.

OOmiasi TpyIOEMKOCTh OCBOCHHUS IMCLMIUIMHBI COCTABISET 2 3a4CTHBIX CAUHUIIBL, 72
Jaca.

S13b1K 00y4eHMS 10 TUCIUIIIIMHE «PYCCKHUIA

1. IlepedyeHb MIaHUPYEMBIX PE3yIbTATOB O0YUECHUS 110 AUCIUIUINHE

1.1. llenu npemomaBaHus TUCIIMIUTHHBI

dopmupoBaHne 0a30BOH CHCTEMbl 3HAHMH B O0JIACTH APXMTEKTYpPbl NapalieIbHbIX
BBIYUCIIMTEIBHBIX CHCTEM Kak 0a30BbIX CPEACTB IIOCTPOCHUSI BBIYMCIUTENBHBIX ILIaTHOpM
MEePCHEKTHBHBIX BCTPOSHHBIX CHCTEM 00padoTku MH(popMauuu u ynpasieHus. Popmupyemble
IIPY W3y4YCHUH JUCLUIUIMHBI 3HAHMS M HABBIKU MO3BOJST KaK HPOBOJUTH MPOQECCHOHANBHBII
aHau3, COMOCTABICHUE M BBHIOOP MapaUICNIBHBIX aPXUTEKTYpP JUIS NMPUMEHEHHsS B PassIMYHBIX
BBIYUCIIMTEIBHBIX CHCTEMaX, B TOM YHCJIE BO BCTPOSHHBIX CHCTEMax 00paboTKu MHPOPMALMU 1
yOpaBlICHUS, TaK ¥ JaAyT OCHOBY KBaJM(UKAIMK I HPOEKTHPOBAHHMS  HOBBIX
MYJIBTUIPOLIECCOPHBIX ~APXUTEKTYP W MNEPCHEKTHBHBIX TEXHHYECKHX peLIeHHH 11 HX
peanuszanuu.

1.2. JlucuumiMHa BXOIUT B COCTaB 00sA3aTeNIbHON 4acTH 00pa30BaTeNIbHON IPOTrpaMMBbl
BeIciIero oopasosanus (nanee — OI1 BO).

1.3. TlepeueHb IIIAHUPYEMBIX PE3YJILTATOB O0YUSHUS 10 AUCLHUIUIMHE, COOTHECEHHBIX C
IUTAaHUPYEeMBIMH pe3yibTatamu ocBoeHust OI1 BO.

B pesynbrare n3ydeHus: QMCLMIUIMHBI OOYYalOIIMHCS JOKEH 00JaaTh CIEAyHOUMU
KOMITETEHIIMSMH WM UX 4YacTsAMU. KOMIeTeHIny 1 MHIUKATOPhI UX JTOCTHXKCHUS IIPUBEICHBI B
Tabumue 1.

Tabnuua 1 — IlepeyeHb KOMIETCHIMI W HHIMKATOPOB WX JOCTHKCHHUS

Kareropus (rpymnma) Kox 1 HaumeHnoBanue Koz 1 HauMeHOBaHUEe HHAMKATOPA
KOMIICTCHIIUH KOMIICTCHIIUH JOCTI)KCHHS] KOMIICTCHIIUH
IK-2 Cnocoben
a3pabaThIBATH
pasp I1K-2.3.1 3HaTh MeTOBI pa3pabOTKH
3¢ deKTUBHBIE
HHTEIUIEKTYaIbHbIX aITOPUTMOB PELICHUS
QIITOPUTMBI PEIICHHS
HAyYHO-HCCIIEJOBATENIbCKUX 3a1a4
chopMyITHPOBAHHBIX
saxad o [IK-2.Y.1 ymMeTb UCNOIb30BaTh AITOPUTMBI
PEIEeHHs NCCIIEI0BAaTENbCKUX 3a/1a4 C
UCIIONb30BaHUEM
IMpodeccuonanbHbe COBDEMCHHDBIX UCIIOJIb30BAaHUEM COBPEMEHHBIX S3BIKOB
KOMIICTCHIIUH ;{31,111103 IIPOrPaMMHUPOBAHUS, B TOM YHCJIE AITOPHTMBI C
HCIOJIb30BaHUEM HCKYCCTBEHHOTO MHTEIUICKTA
HIPOTPaMMHUPOBAHUS,
I1K-2.B.1 BnazieTs HaBbIKAMH pa3pabOTKU
HCKYCCTBEHHOTO
CTpaTeTHd U METOJOIOTHH HCCIEA0BAHNA
HHTCILICKTA 1 KOHCTPYKLHH 3JIEKTPOHHBIX CPE/ICTB U
obecrieynBaTh UX Py P P
TEXHOJIOTHUECKUX IIPOLECCOB
HPOrPaMMHYIO
peanu3aIuo

2. Mecro gucuumuHb B cTpykType OI1

JucuunivHa Oasupyercs Ha 3HAHMSAX, paHee MPUOOPETEHHBIX OOYyJaloIUMHUCS IIPU
U3Y4YEHHH CIEIYIOIMX AUCLUILINH:

— OBM u nepudepuiinsie ycTpoiicTpa

— CxeMoTexHHKa

— DIEeKTpOHUKA

— TlporpamMmupoBaHue Ha si3bikax Accembiepa

— IlporpamMupoBaHue Ha S3bIKaX BBICOKOTO YPOBHS

3HaHMA, TIONYYeHHbIC NPM H3YYEHMH MaTepHaga IaHHOH AUCLUIUIMHBI, MMEIOT Kak
CaMOCTOATENBHOE 3HAYEHHE, TAK U HCIIOIb3YIOTCS IIPU U3yUEHHU JPYTUX JUCLMIUIHH.

3. OOBEM H TPYAOEMKOCTh TUCIUIIITHHBI
Jannple 06 o0imemM 0o0beMe MUCUUILIMHBI, TPYJAOEMKOCTH OTHCIbHBIX BHIOB yueOHON
paboThI [0 AUCHMILIAHE (M PACIpeeICHUE 3TON TPYAOEMKOCTH II0 CEMECTPaM) IIPEICTABICHBI B
tabuune 2.




Tabmuma 2 — O6beM U TPYAOEMKOCTh JTUCIUIIIIHHBI

TpyaoeMKocTh o
Bun yue6Hol paboThl Bcero ceMecTpam
Ne3
1 2 3

Obowan mpyooemkocms oucyuniuHol, 272 272
3E/ (4ac)
U3 nux uacoe npaxmuueckoi no020mogKu 17 17
Ayoumopnuie 3auamus, BCero yac. 34 34
B TOM YHCIIE:

nexkuuu (J1), (vac) 17 17

npaktuyeckue/cemunapckue 3austus  (113),

(gac)

naboparopusie padotsl (JIP), (uac) 17 17

KypcoBo#i npoekT (padora) (KII, KP), (uac)

JK3aMeH, (Jac)
Camocmoamenvnasn paboma, Bcero (dac) 38 38
Buo npomesicymounoin ammecmayuu: 3ayer,
mapd. 3ader, sk3amen (3auer, Judd. 3ay, | Bauer 3ager
Dk3.*%)

e .
le/lMeanl/Ie: KaHIUJATCKUH 3K3aMECH

4. ConepxaHue TUCIUTLTHHB
4.1. Pacnpeznenenue TpyJO€MKOCTH AUCLUILIMHBI 110 pa3zesiaM U BUAaM 3aHITUH.
Paznensl, TeMBI AUCIUIUIMHEI U UX TPYJOEMKOCTb IIPUBEACHBI B Tabnuie 3.

Tabnuua 3 — Pa3nensl, TeMbl JUCHHUIUIMHBI, UX TPYAOSMKOCTh

Knaccudukauust apXuTekTyp NapaaieibHbIX BBIYUCIUTEIbHBIX
CHCTEM.

Hampasnenus pa3sutus apxuTekTyp mapauiensabix BC. Kimacest
napauiensHblx BC. CynepKoMITbIoTepbl.

ITapannenusm Ha ypoBHE MAIIMHHBIX KOMaH/I.

KougeliepHas opranuzanust MUKpOIIPOLIECCOPOB
CymnepckansipHble apXUTEKTYPbl MEKPOIPOIIECCOPOB
VLIW-apXuTeKTypbl MHKpPOIPOLIECCOPOB. MyNbTUTPEIOBBIE U
MHOTOS1/IEpHBIE MUKPOIIPOIIECCOPEI

SIMD napamienusm. Ilpunnunsr SIMD o6paborku. IIpumepsr
SIMD kommbtotepoB. SIMD apXUTEKTypbl MUKPOITPOIIECCOPOB.

[NapannenbHble  apXUTEKTYpBI ¢ 0o0mUM  aapecHbIM
HPOCTPAHCTBOM.

Apxurextypsl SMP. IIpoTokosns! mojnepxaHus KOT€pEHTHOCTH
Komei. ['eTeporeHHble MyJIbTUIPOIIECCOPBL. ACHMMETPHYHBIE
MYJIBTHIIPOLIECCOPEL.

DSM-apxutextypsl. Apxutekrypa NUMA u ccNUMA.

Paznen 5. IlapannenbHble apXHTEKTypbl C paclpeeIeHHOR
MIAMSTBIO.

Knacrepusie BC. JlaTeHTHOCTh Iepefaud HaHHBIX IO CETH.
OcoOeHHOCTH  TOHOJNOIMM KOMMyHuKanuoHHoil ceru IIBC.
Tononorus runepky6a. 2D-3D pemerku. FatTree. [Ipumepsr.
Texuonorus hadoop. Pacripenenénnas gaitnoas cucrema hdfs.
IMapagurma map reduce. Hadoop streaming. Aaroputmsl Ha map
reduce. 'padsi B map-reduce.

Paznen 6. [Tapannensusie apxutextypsl ¢ GPU.

I'mbpunnas monens Beruucnenuid. Apxutekrypa GPU. Unified
Virtual Addressing. Compute Capability. [Iporpammuas moaens
CUDA. . CUDA-noroku. HcnonszoBanue pinned-mamsru.
Paznenstemast mamsate. Tumbl mamsata B CUDA. Peructper u
noKanpHas mnamsath. Ontumusaims paboTel € pasaenseMoit
namaThio. [lapasuienbHas petyKuusi.

4.3. IlpaktHueckue (CEMUHAPCKHE) 3aHATUS
TeMbl IpaKTHYECKUX 3aHATHIA M UX TPYAOSMKOCTh [TPUBEICHBI B TA0IHIIE 5.

Tabnuia 5 — IIpakTuuecKue 3aHATHs U X TPYIOEMKOCTh

Ne
/1

W3 Hux Ne
Tewmsl npaktiueckux | Popmbl mpakTHUECKUX | TpPyIOEeMKOCTh, |MPaKTUIECKOH |pa3mena
3aHATHH 3aHATHI (gac) IIOJI'OTOBKH, | AUCLUI
(aac) JIUHBI

Pa3yensl, TeMbI TUCIUTIAHEL Jletwan | T13 (C3)| - JIP K CPC
’ (gac) (1ac) (gac) (1ac) (gac)
CewmecTp 3
Pasnen 1. Kimaccudukanms apXutektyp 2
MapaJUIeNIbHBIX BHIYUCIUTEIBHBIX CHCTEM.
Paznen 2. [Napaymuienusm Ha ypoBHE MAIIMHHBIX 5 3 6
KOMaH/]I.
Paznen 3. SIMD napasuienusm. 2 2 6
Pasnen 4. [TapajuienbHble apXUTEKTYPhI C OOIIHMM 2 4 8
aJIPECHBIM MIPOCTPAHCTBOM.
Paznen 5. [lapamiensHble apXUTEKTYPHI C 4 4 8
pacrpe/ielIeHHON MaMsIThIO.
Paznen 6. [TapaynensHbie apxutektypsl ¢ GPU. 2 4 10
Hroro B cemectpe: 17 17 38
Hroro 17 0 17 0 38

YueOGHbIM IUIaHOM HE MPEeSyCMOTPEHO

IlpakTuyeckas TMOJATOTOBKA 3aK/IOYAeTCS B HEMOCPEACTBEHHOM  BBIMOJIHCHUH
00y4aomMMHUCS ~ OMpPEACICHHBIX  TPYAOBBIX  (DYHKIMH,  CBS3aHHBIX € Oymaymiei
PO(ECCHOHANBHOMN ACSITETEHOCTBIO.

4.2. CopepxaHue pa3eioB U TEM JICKINOHHbIX 3aHATHH.
CopneprxkaHue pa3ieiioB U TeM JCKIMOHHBIX 3aHATHH MPHUBEACHO B Tabnuie 4.

Tabnuua 4 — Cogeprkanue pa3/IesioB M TeM JIEKIIHOHHOTO IIHKIA

Bceero

4.4. JlaGopaTopHble 3aHATUS
TeMmbl 1a00paTOPHBIX 3aHATHI U UX TPYAOSMKOCTh [IPUBEICHBI B TA0IHIIE 6.

Tabnuia 6 — JlJabopaTtopHble 3aHATHSI U X TPYJIOEMKOCTh

HOMCp pasaeia HasBanue u COACPIKAHUC Pa3aC/IOB U TEM JICKIIMOHHBIX 3aHATHI

Ne
/a

TpynoeMKkocTb, W3 Hnx Ne

HaumenoBanue 1a00paTopHbIX paboT .
(gac) NPaKTHYEeCKOH | pasnena




yueOnuk / A. U. I'ycea, B. C. Kupees. - M. :
Axanemusi, 2014. - 288 c.

004 0O-66 Opnos, C. A. Opranunzaiust 9BM u cucrem.
OyHaaMeHTalbHBII KypC 110 apXHTEKTYpe U
CTPYKTYpE COBPEMEHHBIX KOMITBIOTEPHBIX
cpeacts [Tekc] : yueOHHK 115 OakaaaBpoB
maructpos / C. A. Opnos, b. 5. Lunekep. -
3-¢ u3n. - CII06. : [IMTEP, 2014. - 688 c.

HOJITOTOBKH, hiiviviing
(gac) JIUHBI
Cewmectp 3

1 | [Tapannenus3m Ha ypOoBHE MAlTMHHBIX KOMaH/I. 3 2

2 | SIMD napanienusm B apXUTEKType 3
MHPOIPOLIECCOPOB

3 | [NapannenbHble apXUTEKTYPHI C OOIINM 4 4
aJIPECHBIM IIPOCTPAHCTBOM.

4 | INapamienbHbIe apXUTEKTYPHI C PacIpeaeIeHHON 4 5
HaMATBIO.

5 | Mapannensusie apxutektypsl ¢ GPU. 4 6

Bcero 17

4.5. KypcoBoe nmpoekTrpoBaHne/ BBITOIHEHHE KYPCOBOH pabOThI
V4eOHBIM [UIAaHOM HE IPEAYCMOTPEHO

4.6. CamocrosiTenbHast paboTa 00y4aromuxcst
Buzsl caMOCTOATENIBHOM paboTH U €€ TPYIO0EeMKOCTh IPHBEIEHEI B Tabuie 7.

Tabmuua 7 — Buibl caMocTOsITeNILHON paboThl U €€ TPYJOeMKOCTh

. Bcero, | Cemectp 3,
Bun camocrosTesbHON padoTh
qac 4ac
1 2 3
H3ydeHne TeOpeTHIECKOro MaTepuaia 14 14
gucuumnabl (TO)
Kypcosoe npoekruposanue (KII, KP)
PacuerHo-rpaduueckue 3amanus (PI'3)
Bemonnenne pegepara (P)
IMoaroroBka K TeKyIIeMy KOHTPOIIIO 14 14
ycneBaemoctu (TKY)
Homaminee 3aganue (J13)
Kontposbabie pabotst 3a0unnkoB (KP3)
IloaroroBka k MpoMekKyTOUHOM 10 10
arrectaiuu (I1A)
Bcero: 38 38

5. TlepeueHb yueOHO-METOIUUECKOTO O0ECIICUCHHUS
JUTSL CAMOCTOSITENbHOM pabOoThI 00YYarOIIUXCsI 110 UCUHUILTHHE (MOJIYJII0)
VueGHO-METONMYECKHE MaTepUasbl [IJisi CAaMOCTOSATEIbHOH paboThl 00YyYaIOIMXCsl YKa3aHbI B
ma. 7-11.

6. IlepedeHb MeYaTHBIX U AIEKTPOHHBIX YYEOHBIX U3AaHHI
IlepeueHp neyaTHBIX M AIEKTPOHHBIX YUEOHBIX U3AaHUN IPUBEICH B Tabnuie 8.
Tabnuia 8— [lepeueHp MeYaTHBIX M JICKTPOHHBIX YUeOHBIX H3IaHHUI

681.3 T 18 | Tanenbaym, DHApIO. ApXHUTEKTypa
KoMIbloTepa. - 4-e m3a. - M. u nip. : [urep, 3
2005. - 698 c.

004.38(075) | Cnepanckwuit, B. C.  CurnanbHbie 20 3K3.
C171 MHUKpPOIPOLIECCOPHI M UX IPUMEHEHHE B
CHCTEMaX TEIEeKOMMYHHKALMI U
JNEKTPOHUKH: yueOHoe nmocodue/ B. C.
Crnepanckuit. - M.: ['opsiaast muHUs -
Tenexom, 2008. - 168 c.,

(004.4/J1 | Jlerun, M. I1.. [Tapannensraoe 10
36) POrpaMMHUPOBAHKE C UCIIOIB30BAHHEM
OpenMP: yue6Hoe nocobue/ M.: BMUHOM.
Jlaboparopus 3uanmuii, 2008. - 120 c.

Acrankony A.M., Hleitaun 10.E.
BerpoenHble cucteMsl yripaBieHus. Y 4ueOHoe
nocobue. / I'YAII, CII6., 2011 r., 221 c.

B.® .Menexun. BeraucauTeabHbIE MAIIUHEIL,
CHCTEMBI U CETH. YUEOHUK JUIsl CTY/I. BBICIII.
yue0. 3aBenenuii / B.®.MenexuH,
E.I'.IlaBnoBckmii. — M.: U3natenbckuii neHTp
«Axagemusy», 2006. — 550 c.

7. TlepedeHb 3MIEKTPOHHBIX 00pa30BaTEIbHBIX PECYPCOB
nH()OPMALIMOHHO-TEIEKOMMYHHUKALMOHHOI cetn «MHTepHeT»
[epeuenn INIEKTPOHHBIX 00pa3oBaTenbHbIX pecypcoB nH(popMaMOHHO-
TEICKOMMYHHUKALIMOHHON ceTH «VIHTepHeT», HEOOXOIMMBIX JUIi OCBOCHMS JUCLUILTMHBI
npHBesieH B Tabuuue 9.

Tabmua 9 — IlepedeHb 3JEKTPOHHBIX O0OpPA30BATENBHBIX PECYPCOB HMH(POPMAIIMOHHO-
TEJICKOMMYHHKALMOHHOH ceTH «MHTepHEeT

URL agpec ‘ HanmenoBanue
http://parallel.ru/ Jla6oparopus IlapaniensHbix HHOOPMALHOHHBIX

TexHosioruii Hayuno-uccnenoBareiabckoro
BBIUUCIINTENILHOTO LIEHTpa MOCKOBCKOTrO
TOCYy/IapCTBEHHOT'O YHUBEPCUTETa IMEHU
M.B.JIomoHocoBa

KommuectBo sKx3eMILISIpoB B
Mndp/
Bubnunorpaduueckas ccblika Oubnmoreke
URL anpec
(KpOMe 3JIEKTPOHHBIX SK3eMILIIPOB)
004 T 96 I'ycesa, A. W. BeraucnuTenbHbIE CHCTEMBI, 13
ceTH U TejaekoMmyHukaimu [Teker] :

http://coolfire.insomnia247.nl/ Maurice Herlihy, Nir Shavit. The Art of Multiprocessor
c&mt/Herlihy,%20Shavit%20- Programming. Morgan Kaufmann Publishers, 2008. 529
%20The%20art%200%20 p.




multiprocessor%20programming.pdf |

OrieHKa KOMIIETEHIN

8. TlepeueHp MHGOPMALIMOHHBIX TEXHOIOTHIA
8.1. IlepeueHp NPOrpaMMHOrO OOECIICUCHHMS, HCIOIB3yeMOr0 IPH OCYIIECTBICHHU
00pa30BaTeIbHOro IPOoLecca MO JUCIUILIHHE.
IlepeueHsb HcnoNb3yeMOro NporpaMMHOro obecrneueHus npeactasiex B tabmauue 10.

Tabmuna 10— Ilepedenp nporpaMMHOro odecredeHus

XapakTteprcTiKa c(hOpMHPOBAHHBIX KOMIIETCHIIVI
5-Ga/uTbHas IKaIa paKTep bopmp

Ne /it HaumenoBanue

He npexycmotpeno

— oOyuaromuiicss r1y00OKO M BCECTOPOHHE YCBOMJI IIPOrpaMMHBII
MaTepHa;

— YBEPEHHO, JIOTHYHO, II0CJIEJ0BATENIBHO U TPAMOTHO €0 M371araet;

— ONMpasCh Ha 3HAHHUS OCHOBHOH U IONOJHUTEIBHOM JIHTEPaTyphl,
TECHO MPHBSA3BIBAECT YCBOCHHbIC HAYUYHBIEC MOJIOKEHHS C MIPAKTHIECKON
JIeATEIbHOCTBIO HAIIPABIICHHUS;

— yMeno 000CHOBBIBaeT M apryMEHTUPYET BBIIBHTacMble UM HICH;

— JIeJIaeT BBIBOJIBI U 00O0OIICHHUS,;

— cBOOOJTHO BII4JICCT CHCTEMOM CHEIMaIN3HPOBAHHBIX OHATHI.

«OTJIMYHO»
«3a4TCHO»

8.2. Ilepeuenn MH(POPMAIMOHHO-CITPABOYHBIX CHCTEM,HCTIONIb3YEMbIX npu
OCYIIECTBIIEHHN 00pa30BaTEeIbHOTO MPOLecca 110 JUCIUIIINHE

Ilepeyenp ucmonb3yeMblXx HH(GOPMAIMOHHO-CIIPABOYHBIX CHCTEM IIPEACTABICH B
tabnune 11.

Tabauua 11— Ilepeuyenb HHGOPMALIMOHHO-CIIPABOYHBIX CHCTEM

Ne i/ HaumenoBanue

— 00yJarOLIMIACS TBEPAO YCBOWII IPOrPAMMHBII MaTepHall, TPaMOTHO H
[0 CyHIECTBY M3/araeT ero, OMNHPasCh Ha 3HAaHHS OCHOBHOW
JIUTEPATYPBI;

— HE JIOMYCKAeT CYIECTBEHHBIX HETOYHOCTEIH;

— YBSI3bIBACT YCBOCHHBIC 3HAaHHMA C MPAKTHYECKOW JESATEIbHOCTHIO
HaIpaBJICHUS,

— apryMEHTHUPYET Hay4HbIC MTOJI0KCHHS;

— JIeJIaeT BLIBOJILI U 0000IEHNS;

— BJIQJICET CUCTEMOM CIICMATIM3UPOBAHHBIX MOHSITHM.

«XOpOLIO»
«3a4YTCHO»

He npexycmotpeno

9. MartepuanbHO-TeXHUUYECKas 0a3a
CocraB  MaTepHaIbHO-TEXHMYECKOH 0a3bl, HEOOXOMUMOHW s  OCYIIECTBIICHHS
00pa30BaTeIbHOrO MpoLiecca Mo JUCLMILTHHE, IPEACTaBIIeH B Tabnuuel 2.

Tabmuma 12 — CocraB MaTepuaIbHO-TEXHHYECKON 0a3bl

— 00y4aroLMiACsl YCBOWII TOJIBKO OCHOBHOM MPOrpaMMHBII MaTepHa,
[0 CYLIECTBY H3JIaraeT €ro, OMHMpasich Ha 3HAHHS TOJIBKO OCHOBHOM
JIUTEPATYPBI;

— JIOIYCKaeT HEeCYILECTBEHHbIE OLINOKU U HETOYHOCTH;

— HCTIBITBIBAET 3aTPyIHEHHS B IPAKTHYECKOM NPUMEHEHHH 3HAHMI
HAIPaBIICHHUS,

— c1ab0 apryMEeHTHPYeT HaY4HbIE TTOJI0KEHUS;

— 3aTpyaHseTcs B JOPMYIMPOBAHUH BBIBOJIOB M 0000IICHHIT;

— YaCTHUYHO BJIAJICET CUCTEMOM CIELUATU3UPOBAHHbBIX MTOHSITHH.

«YIOBTICTBOPUTEIIHLHOM
«3aUTEHO»

Ne HanmMeHoBaHue COCTaBHOI YacTu Howmep aynuropuu
/o MaTepralibHO-TEXHUYECKOW 0a3bl (Tpr HEOOXOIMMOCTH )
MynpTHMeUHAS JIEKLIMOHHAS ayAUTOPHS 52-33a
2 | CneuuanusupoBaHHas sabopaTopust « BetpoeHHbIX 12-29

KOMIIBIOTCPHBIX CUCTEMY,
BKJIIOYas y‘{e6HO-I/ICCHeZl0BaTeHbCKI/Ie CTCH/IbI «BCTpaI/IBaeMble
MHOTOSIAICPHBIC U ITapaJUIC/IbHBIC BBIYUCIUTCIIbHBIC CUCTEMbBD)

— oOyyaronuiicss He YCBOWJI 3HAYMTEIbHOH 4YacTH MPOrPaMMHOIO
Marepuana;

— JOIyCKaeT  CYyLIECTBEHHbIC  OWIMOKM W  HETOYHOCTH  IIPU
paccMOTpeHHH PoGIIeM B KOHKPETHOM HAaIPaBICHHUIL,

— HCTIBITHIBACT TPYJHOCTH B IPAKTHYECKOM MPUMEHEHUH 3HAHHH;

— HE MOXKET apryMEHTHPOBATh HayYHbIC MTOJIOKCHHS;

— He OpMYIIHpPYET BHIBOAOB U 0000IICHHH.

«HEYIOBJICTBOPHUTEIIEHOY
«HE 32YTCHO»

10. OueHoYHBIE CpeaCTBA VIS IPOBEICHUS IPOMEKYTOUHON aTTECTALNH
10.1. CocTaB OLICHOYHBIX CPEICTBAJS MPOBEACHUS IPOMEXKYTOUHOM aTTecTaluu
oOyyaronmxcs o JUCHUIUIMHE NPUBEIeH B Taduie 13.
Ta6nuia 13 — CoctaB OLIEHOYHBIX CPEJCTB ISl TPOBEACHUS TPOMEKYTOUHOHN aTTECTAIMN

10.3. TumoBble KOHTPOJIFHBIE 33JaHUS WM UHBIE MaTEPHAIbI.
Bormpocs! (3anaun) aist 3Kk3aMeHa NpeJcTaBieHsl B Tabuune 15.

Tabmuma 15 — Borpocs! (3aaun) aist 9K3aMeHa

Bun HpOMC)KyTO‘IHOﬁ aTréCTalrun HepequL OLICHOYHBIX CPEACTB

DK3aMeH Crucok BOIIPOCOB K 9K3aMCHY;

10.2. B kauecTBe KpUTEPUEB OLEHKH YPOBHSA C(HOPMHPOBAHHOCTH (OCBOEHUS)
KOMIICTCHIMH OOYYAOIINMHUCS TPUMEHSIETCS S5-0ajuibHasi IIKana OLUEHKH CHOPMHUPOBAHHOCTH
KOMIETEHIIUH, KoTopasi IpuBesieHa B Tabauue 14. B TeueHne cemecTpa MOXKET UCIIONIB30BATHCS
100-6annpHast  ImKama — MORYIBHO-DEUTHHTOBOH  CHCTEMBI ~ YHHBEpPCUTETa,  IpaBHIIA
HCIIOJB30BAaHUSI KOTOPOH, YCTAHOBJIEHbI COOTBETCTBYIOIIMM JIOKAIBHBIM HOPMATHBHBIM aKTOM
T'VAIL
Tabnuua 14 —Kpurepuu oueHKH ypoBHst CHOPMHUPOBAHHOCTH KOMITETCHIMI

OrieHKa KOMITETEHINA

XapaKTeprucTHKa CPOPMUPOBAHHBIX KOMITCTCHIIMM
5-OajuibHast IIKaia paKrep (boppo

Ne /mt IIepeuens BonmpocoB (3amad) ajst 3a4eTa Kon
HHJHMKATOpa
Y4eOHBIM IUIAaHOM He IPEyCMOTPEHO
Bompocst (3amgaun) muist 3auera / audd. 3adera npeacTasieHs! B Tabnuie 16.
Tabmnuua 16 — Borpocs! (3amaun) jist 3auera / mudd. 3auera
Kon
Ne /i Ilepeuens Bompocos (3ama4) s 3ayera / audd. 3auera JHMKaTOpA
1 Knaccsl napamiensaeix BC [1K-2.3.1
2 Merozp! nokansHoro napauienusm. [lapamnennsm Ha yposae | [1IK-2.V.1
KOMaH/I.
3 KouBeiiepHast opraHu3arys BbIMUCICHHN.
4 KoHBeliepHoe pacnapauie/IMBaHUE BBITOJHEHUS] KOMaH/IL.
5 [IpuMepbl KOHBelepa BbIOAHEeHUsT koMan . Intel u MIPS. I1K-2.B.1
6 KoHn}uukTsl B KOHBeliepe.




[lepedyeHbp TeM KOHTPOJBHBIX PabOT MO MUCLMIUIMHE OOYYaIOI[MXCS 3a04HOH (HOpMBI
00y4eHusl, peICTaBIeHbI B Tabmuie 19.

Tabmuma 19 — [lepedueHb KOHTPOJIBHBIX paboT

Ne n/n [lepeueHb KOHTPOIBHBIX PAOOT

He npenycmotpeHo

7 O0paboTKa BETBJICHUIT B KOHBEiiepe KOMaH/I.

8 [Ipenckazanue BeTBICHUH B KOHBeliepax.

9 CynepckansipHoe pacnapajjIe]IuBaHusl BHITOTHEHHS KOMaHI.

10 CynepckasipHble apXUTEKTYPbl MEKPOIIPOIIECCOPOB

11 VLIW-apXureKkTypbl MUKPOIIPOLIECCOPOB

12 MynbTUTPEAOBBIE MUKPOIIPOLIECCOPEL

13 MHorosiepHble MUKPOIIPOLIECCOPBI

14 SIMD napamnenusm. [Tpunuunsr SIMD 06pa6otku. ITpumepst
SIMD koMIBIOTEPOB.

15 SIMD apXHTEKTypbl MUKPOIIPOIIECCOPOB

16 [NapautenbHble apXUTEKTYpBl € OOIIMM aJPECHBIM
POCTPAHCTBOM.

17 Apxurextypsl SMP. ['eTeporeHHbIe MyTbTHIIPOLIECCOPEI.
ACHMMETPHUYHBIC MYJITUIPOLIECCOPBI.

18 [IpoToKOBI MOAAEepPKAHUSI KOTEPEHTHOCTHU KAIIEi.

19 DSM-apxutektypbl. Apxutekrypa NUMA u ccNUMA.

20 [TapanyenbHble apXUTEKTYPHI C pacpeieIeHHON NaMsIThIO.

21 Krnactepusie BC.

22 CynepKoMIbIOTephl

23 [poexThl neTadIoNoBbIX KOMIBIOTEPOB

24 JlareHTHOCTPH NIEpejaun AaHHBIX 10 ceTH. OCOOEHHOCTH
TOTOJIOTWU KOMMYHHKannoHHo# cetu [1BC.

25 Tomomoruu cuctem cBsizeit mapamutensabix BC Tomomorust
rurnepky6a. 2D-3D pewerku. FatTree. [Ipumepsr.

26 MeTtoapl KOMMYTallMK ¥ MapLIpyTH3alUU B IapauIeIbHbIX
BC

27 ['ubpunHbie apxuTekTyphl. PIM-apXutekTypsbl

28 Moenau MOTOKOB TaHHBIX

29 ApPXUTEKTypa NapaieabHOr0 BEIYUCIUTENS C yIIpaBIeHHEM
IIOTOKOM JAaHHBIX

30 Texuonorust hadoop. [Tapagurma map reduce.

31 Aunroput™el Ha map reduce. I'padsl B map-reduce

32 [TapamensHble apxutekTypsl ¢ GPU.

33 Apxutexrypa GPU.

34 CUDA-noroku. Tunst namsitu 8 CUDA.

Ilepedyenp TeM Ui KypCOBOI'O IPOCKTUPOBAHHS/BBIOJHEHHS KYpPCOBOH pPabOoThI
npeacTaBieHbl B Tabuie 17.
Ta6nuua 17 — [lepedenp TeM Uit KYPCOBOTO MPOSKTHPOBAHUS/BBIIIOIHEHHUS KYPCOBOH pabOThI

No /i IpumepHSIil HepedeHb TeM OIS KypPCOBOTO IIPOEKTUPOBAHNUS/BHIIOTHEHUS
- KypcoBoOii paboTEl

VYueOGHBIM IUIAaHOM HE NPEeyCMOTPEHO

Bonpocsl Ui npoBeleHUs IMPOMEKYTOYHOW aTTECTAllMM B BHAE TECTUPOBAHUS
mpezcTaBieHsl B Tabmuie 18.

Tabauua 18 — IIpuMepHslii nepeyeHb BOIPOCOB J1JIsl TECTOB

Kox

Ne n/n [IpumMepHbIii nepedeHs BOIIPOCOB ISl TECTOB
HHJIUKaTOpa

VYueOGHBIM IUIaHOM He NPEeTyCMOTPEHO

10.4. Meroguueckue  Marepuaigbl,  ONPEACIAIOMNE  HPOLEAYpHl  OLEHHBAHUSA
HWHJMKATOPOB, XapaKTepHU3YIOIIMX JTambl (OPMHUPOBAHMS KOMIIETEHLMH, coaepxarcs B
JIOKIbHBIX HOpMaTuBHBIX aktax [ YAII, pernaMeHTHUpYOMMX HOPSAOK M HPOLELYPY
MPOBEJCHUS TEKYIIEro KOHTPOJISl YCIEBAEMOCTH U MPOMEXYTOYHON aTTECTALMU O0YUaroIInXCs
I'VAIL

11. Meroauueckue yKa3aHus il 00yYarOMIMXCSI IO OCBOCHUIO TUCIIUTLIHHBI

11.1. Meroauyeckue ykazaHusi i OOy4YalOIIMXCS II0 OCBOCHHUIO JIEKL[MOHHOTO
MaTepHana.

OCHOBHOE Ha3HAYCHYE JICKI[MOHHOIO MaTepHala — JIOTHYCCKH CTPOMHOE, CHCTEMHOE,
rIy0oKoe M SICHOE M3IOKeHHe y4eOHOro Mmarepuana. HasHaueHHe COBPEMEHHOW IEKIWH B
pamMKax AWCLHMIUIMHBI HE B TOM, YTOOBI MOJYYHTH BCHO HH(MOPMALHMIO MO TEME, a B OCBOCHUH
(yHIaMeHTaJIbHBIX [POOJEeM JIMCUMIUIMHBL, METOJOB HAy4YHOrO MO3HAHMS, HOBEHIIHMX
TOCTIKCHHH HayYHOW MBICIH. B y4eGHOM mporiecce JICKIHS BBIMOIHSICT METOHOTIOTHYCCKYIO,
OPraHM3aLMOHHYI0 U HH(GOPMALHOHHY0 GYHKIMH. JICKIHsS pacKpbIBaeT HOHITHHHBIIN ammapat
KOHKPETHOI 00JacTu 3HaHus, e€ MPOOJIEMBl, TaeT LEeNIbHOE IMPEICTaBICHHE O AUCLHILIUHE,
MOKa3BIBACT B3aMMOCBSI3b C IPYTHMH JHCUUIUTHHAMH.

[lnaHupyeMble Pe3ysIbTaThl IPH OCBOCHUH 00YYAIOIMMHKCS JIEKIIMOHHOTO MaTepHaa;

— MONyYeHHE COBPEMCHHBIX, LICNIOCTHBIX, B3aWMOCBS3aHHBIX 3HAHHIl, YPOBCHb
KOTOPBIX OIPEIeIIsIeTCs LeJIeBON YCTAHOBKOM K Ka)K/10M KOHKPETHOI TeMe;

— MOJIyYCHHE OIbITA TBOPYCCKOIl paGOTHI COBMECTHO € MPEIIOaBaTeiieM;

— pasBuTHe NPOGECCHOHATBHO-ACIOBBIX  KauecTB, JIIOOBM K  [pEOMETYy H
CaMOCTOSTEILHOTO TBOPUYECKOTO MBILIICHHS.

—  HOSIBJICHHE HEOOXOIMMOr0 HHTEpeca, HEOOXOMMMOTr0 VIS CAMOCTOSTEIILHOM paboThl;

— IOJIyYeHHEe 3HAHHH O COBPEMEHHOM YpPOBHE pa3BHTHs HAyKH W TEXHUKH U O
MPOTHO3€ UX Pa3BUTHS Ha OJrOKaiIINe ropbl;

— HAYYUThCS METOJUYECKH 00pabaThiBaTh MaTepuai (BBIACIATH IJIABHBIC MBICIH H
MOJIOKCHHS, MNPHUXOANUTH K KOHKPCTHBIM BBIBOAAM, IIOBTOPATH KX B  PasIHYHBIX
(opmynupoBkax);

—  MOJIyYeHHE TOYHOTO IIOHMMAHMsI BCEX HEOOXOIUMBIX TSPMHUHOB U HOHATHH.

JIekMOHHBI  MaTepual MOXET CONPOBOXKIATHCA AEMOHCTpALMel  ClaiijoB U
WCIIONb30BAaHMEM pa3JaTOYHOTO MaTepraiga INPH [POBEACHHH KOPOTKHX MAHCKYCCHH 00
0COOCHHOCTSIX IPHUMEHEHHUSI OTJACIBHBIX TEMATHK 10 TUCLHILINHE.

11.2. Meroauueckue ykasaHusl Uil OOy4arOLIMXCS IO BBIMOJHEHUIO J1a00paTOPHBIX
pabor.

B xone BbINONHEHHS 11a0OpaTOpHBIX pabOT oOydwaromuiics [ODKEH YIIyOuTh H
3aKpenuTh 3HAHMS, NMPAKTHYECKUE HAaBBIKM, OBIAJETh COBPEMEHHONH METOJUKOW M TEXHHKOU
JKCIIEPUMEHTa B COOTBETCTBHM C KBAJU(PHUKAMOHHOW XapaKTCPUCTUKOH O00y4Yaromerocs.
BemonHeHne nadopaTopHbIX pabOT COCTOMT U3 IKCIEPHUMEHTAIBHO-IPAKTHYECKOM, pacueTHO-
AHAINTHYECKON YacTei U KOHTPOJIHBIX MEPOIPUSTHIH.

BeimonHenne 1abopaTopHBIX paboT 00ydaromMMCs SBISIETCS HEOTHEMJIEMOH YacThIO
W3Y4eHHS] JAUCLUIUIMHBI, ONpENeIseMOd y4eOHbIM IJTAaHOM, W OTHOCHTCS K CpEICTBaM,
00€eCreunBaIOIIM PELICHHE CIISYIOIMX OCHOBHBIX 3a1a4 00y4aloIerocs:




— [pHOOPETCHHE HABBIKOB HCCICJOBAHMS IMPOLECCOB, SBICHHH U  OOBEKTOB,
H3y4aeMbIX B paMKax JAHHOH AMCUMUITINHEL,

— 3aKpeIUICHHe, Pa3BUTHE M JCTAlM3allMs TEOPETHYCCKMX 3HAHWM, IMOJYYCHHBIX Ha
JICKLISX;

— TOJyYeHHE HOBOM MH(OPMAIMH [0 U3yIaeMOW TUCIMUILIHHE;

— mnpuoOpereHHe  HAaBBIKOB  CaMOCTOSTENBHOW  paboTel ¢ 1abopaTOpHBIM
obopymoBaHHEeM 1 IPUOOpaMHU.

11.3. Meroauueckue yKazaHus Ui 00y4arOIUXCs MO MPOXOKIACHUIO CAMOCTOSITEIIBHOM
paboTsI

B xoae BBINONHEHUS] CAMOCTOSTEIBHONW PaOOThI, OOYUYArOIIMICS BBINONHSAET paboTy IO
3a/IaHHI0 M [P METOJMYECKOM PYKOBOJCTBE IPEHojaBatess, HO 0e3 ero HernocpeiACTBEHHOTO
y9acTHs.

B mporecce BBIMONHEHHSI CaAMOCTOSTENBHOW paboThl, y oOydvaromerocs (hopMupyercs
Lesecoo0pasHoe IIIaHUpOBaHHE paboyero BpeMeHH, KOTOPOe MO3BOJISIET UM Pa3BHBATh YMEHUS
1 HAaBBIKM B YCBOCHHM M CHCTEMATH3alLMH HPHOOPETAEMBbIX 3HAHHUI, 00ECIeYnBACT BBHICOKHI
YPOBEHb YCIEBAGMOCTH B MEpPHOJ OOYYEHHS, MOMOraeT MOJYYUTh HABBIKH IOBBIILICHUS
poQeCCHOHATBHOTO YPOBHSI.

MeToauYecKUMH  MaTepHagaMd,  HAlpaB/SIOIMMH  CAMOCTOSTEIBHYHO  paboTy
00y4arOLIMXCSl, SIBISIOTCS y4eOHO-METOIMYESCKHE MAaTEPHAIBI 110 AUCLHUILIHHE.

11.4. Meroauyeckue ykazaHus Juisi OOy4aroUIMXCsS IO IPOXOXKACHHIO TEKYIIEro
KOHTPOJIS yCTIEBAEMOCTH.

Texyumii KOHTPOJIb YCIEBAEMOCTH MpeoyCMaTpUBaeT KOHTPOJb KadecTBa 3HAHUHN
00y4aroMXCsl, OCYLIECTBIIIEMOr0 B TEUEHHE CEMECTPA C LEIbI0 OLIEHUBAHHUS XO/a OCBOCHUS
JVICIUITIHHBIL.

11.5. Meroauueckue ykasaHusi A oOyqarolMXcsl MO0 MPOXOXKICHUIO MPOMEXYTOYHON
aTTeCTalUH.

IlpomexyTouHast ~ arrecTanust — OOy4YalONIIMXCA — NPEAyCMaTpUBAcT  OLIEHHUBAHHUE
MIPOMEXKYTOYHBIX U OKOHYATEIbHBIX PE3yJbTaTOB 00y4YeHHs IO AucHMILIMHE. OHa BKIIOYAET B
celst:

— 3aueT — 3T0 (opMa OLEHKU 3HAHHH, MOTyYECHHBIX OOYJaOIIUMCS B XOJ€ HU3YyYCHHSI
y4eOHOM TUCIUIUIMHBI B 11€JIOM MM IIPOMEXYTOUYHAas (10 OKOHYAHUU CEMECTPa) OLCHKA 3HAHUI
0o0y4aromumMes 110 OTAENBHBIM pa3/ieliaM JUCLUIUIMHBL C aTTECTALMOHHON OLEHKOH «3a4TeHO»
UITH «HE 3aYTCHOY.

Jluct BHeceHHUs] U3MEHEHHH B pabo4ylo MPOorpaMMy JUCIUTLIHHbBL

JlaTa BHECEHUS
M3MEHEHHUH 1
JIOTIOJIHEHHH.

Tloanucek BHECIIETO
W3MCHCHHUS

CoJiepkaHue U3MEHEHHH U JIOTIOJHEHHI

Jlata u Ne
IPOTOKOJIA
3ace/laHus
Kadeaps

IToanuce
3aB.
kagenpoit




