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1. HEJIX OCBOEHUA JUCHUTIIMHBI

1.1|®opmupoBaHue y 00y4aroliX 3HaHUSI OCHOBHBIX CTaHAPTOB MapauiebHOro mporpaMmupoBanus - OpenMP u MPI.

1.2|®opmupoBaHUs HABBIKOB pa3padOTKH, COOPKH, HHTETPALlMH M TECTHPOBAHHS PabOTOCIIOCOOHOCTH MOIYJIei apajuIeIbHOTO
HIPOTrpaMMHOTO 0OecHedeH s U IPOrPAMMHOTO TIPOILYKTA B IIETTOM.

1.3|®opmMupoBaHIe HABBIKOB CAMOCTOSATEILHOTO cOOpa U M3YYCHHS HAYYHO-TEXHUYECKOI NHPOPMALIUH, CBI3aHHOI ¢
TEXHOJIOTHSMH MapauieIbHOrO IPOrPaMMHPOBAHUSL.

2. MECTO JUCHUIITMHBI B CTPYKTYPE OOII

uxn (pazgen) OOIT: b1.B.01

2.1|Tpe6oBaHus K NpeBapUTEIbLHOI MOATOTOBKE 00y4aK0IIErocs:

2.1.1|OcHOBBI IPOrPaMMHUPOBAHUS

2.1.2|ndopmaruka

2.1.3| ANITOPUTMBI M METO/I5I IPOTPAMMHUPOBAHHS

2.1.4|TIporpammupoBanue Ha CU

2.1.5|Paspa6otka mporpammuoro obecreuenus B OC Linux

2.1.6|OnepaniioHHBIC CUCTEMBI

2.2|JucuMniInHbI H IPAKTHKH, VI8 KOTOPBIX OCBOEHHE JAHHON JTHCHHMIIMHBI (MOY.JI51) HEO0X0IUMO KaK
npeauiecTByolee:

2.2.1|TIpon3BoCcTBeHHAs NMPAKTHKA, HAYYHO-HCCIIe0BaTENbCKast paboTa

2.2.2|BbINoHEHHE U 3al[UTa BBITYCKHOW KBaTH(DUKAIHOHHON paboThI

(MOJYJIS)

3. KOMIIETEHIIMHX OBYYAIOIIEI'OCA, ®OPMUPYEMBIE B PE3YJIbTATE OCBOEHUS JTUCITUITJIMHBI

IIK-4.1: BoinoHsieT npoueaypsl CO0PKH NPOrPAMMHBIX MOy JIeii H KOMIOHEHT B IPOrpaMMHbBIi MPOAYKT

IIK-4.2: IIpoBoaUT OLIEHKY Pa60TOCOCOOHOCTH MPOrPaAaMMHOTI0 MPOIYKTA

IIK-4.3: Co3naeT 10KyMEHTAINI0, OMUCHIBAIOIIYI0 MPOrPaMMHbIe MOAYJIM ¥ UX B3aUMO/elicTBHe

IIK-3.1: PazpadaTsiBaeT NporpaMMHoe obecnedeHue, HCIOJIb3ysl COBPEMEHHbIE CPe/ibl NIPOrpaMMHUPOBAHUS

IIK-3.2: Pa3zpabaThiBaeT IPOrPaMMHBIIi KO NPOLeAYP HHTerPallii NPOrpaMMHBIX MOy 1ei

HH(POPMALMOHHO-KOMMYHMKALMOHHBIX TEXHOJIOTHI

IIK-1.1: CoOupaet n 00padaTbiBaeT HAYYHO-TEeXHHYECKYI0 MH(OPMANNIO ¢ HCI0JIb30BAHNEM CYLIECTBYIOIIMX

| K-1.2: Ananu3upyet u 000011aeT pe3yabTATHI H ONBIT MEePEeI0BBIX HCCIET0BAHNI B COOTBETCTBYIONIEH 00J1aCTH 3HAHUI |

B pe3yabTaTe 0CBOCHUA IUCHUIIIMHBI oﬁyqamnmﬁcsl JOJIZKCH

3.1|3naTn:

3.1.1|- ocHoBHEIE COBPEMECHHBIC HAYYHBIC o0Jyractu 3HaHI/II>‘I, B KOTOPBIX UCIOJB3YIOTCA MapalJICJIbHbIEC TEXHOJIOTUH;

3.1.2|- ocHoBHbIe ctanmaptsl (OpenMP, MPI), MeTobI U aITOPUTMBI MAPAJLICILHOTO MPOrPAMMHUPOBAHHS,

3.2|Ymerh:

3.2.1|— caMOCTOSTENBEHO U3y4YaTh HAYYHYIO U TEXHUYECKYIO JINTEPATYPY, CBA3aHHYIO C TapauIeIbHBIM POTPAMMHUPOBAHUEM, C
UCTIOJIb30BAHHUEM CYILECTBYIOIINX HHPOPMAITHOHHO-KOMMYHUKAIIHOHHBIX TEXHOJIOTHIA;

3.2.2|- pa3zpabaTbIBaTh napajuienbHOE IPOrpaMMHOE 0OecTieueHne, HCIIOIb3Ys COBPEMEHHBIE CPe/ibl IPOrPaMMHUPOBAHUS;

3.2.3|- pazpabateiBaTh IPOrPaMMHBII KO TPOIEAYP HHTETPAIMH TPOTPAMMHBIX MOYJIEH MapalIelbHOTO MPOrPAMMHOTO
obecrieveHus;

3.3|Baanern:

3.3.1{- HaBBIKaMu COOPKY U MHTErPaLlui MOAYJICH Mapaie IbHON IPOrPaMMbl U IPOBEJCHUH TECTOBBIX PAacUeTOB AJISI OLCHKU
paboTOCIOCOOHOCTHU MIPOrPaMMHOIO MIPOIYKTa;

3.3.2|- HaBbIKaMu CO31aHUsl JOKYMCHTAllUU, OHI/ICLIB&IOHICI‘/’I MOAYJIHU NapaJiuIeJIbHOTO IIPOrpaMMHOTO 06eCHe‘IeHI/Iﬂ;

4. CTPYKTYPA U COJAEPKAHUE JTUCIUIIJIMHBI (MOLYJIS)

Kon

HaumeHoBanue pa3iejioB U TeM /BUJ
3ansaTusa/

Cemectp /
Kvpe

Yacos

Komneren-
104071

JIntepaTtypa

IIpumevyanne

Pazgen 1. Cranpapt OpenMP




11

BBenenue B mapannensnoe
nporpammupoBanue. Hay4ansie n
TeXHUYECKUE 3a1a4H, Tpedyromme
HCTIONIb30BAHUS MAPAJLICIBHBIX
BerancieHnii. OCHOBHI cTaHAapTa
OpenMP. [Tupexrusa parallel. Mozens
namsitu OpenMP. [TupeKkTuBsI
pacnipenenenus padorsr: for, sections,
single. JIMpeKTHBBI CHHXPOHU3AIINH:
barrier, atomic, critical, master.
OyHKIUH 1 IepeMEHHBIE OKPY>KEHUS
OpenMP. 3amkn, GpyHKINH T pabOTHI C
3amkamu. Jlupextusa task. BexToprsie
HHCTPYKUUH, AupekTrBa Simd. Tumsl
MIepEeMEHHBIX [0 YMOIYaHHIO.
V3051pOBaHHEIC TUPEKTUBEIL.
TecTupoBaHUE U ONTHMU3ALNS
nporpamm OpenMP. /JTex/

32

IK-3.1 IIK-
42T1IK-1.2

JI1.1J11.2
J1.3J12.1
0102393

1.2

BBeneHne B apaiesibHOe
nporpamMupoBanue. Hay4nsie n
TEXHUYECKHUE 3a]1a4H1, TPeOyIomue
HCIIOJIB30BAHUS [TaPAJLICIBHBIX
BhIMcIIeHHi. OCHOBBI CTaHAApTa
OpenMP. upextusa parallel. Monens
namsitu OpenMP. JIupekTuBs
pacnpenenenus pabotsr: for, sections,
single. JIMpeKTUBBI CHHXPOHU3AIINH:
barrier, atomic, critical, master.
DYHKIUH U IEPEMEHHBIC OKPY)KCHUSI
OpenMP. 3amku, pyHKIMK 111 pabOTHI ¢
3amkamu. JlupextuBa task. BexToprsie
MHCTPYKIUH, TUpekTrBa Simd. Tunsl
MEPEMEHHBIX T10 YMOITYAHHUIO.
W3onupoBaHHbIE IUPEKTUBBIL.
TecTUpOBaHKE U ONTHMHU3ALHS
nporpamm OpenMP. /JT1a6/

32

IK-3.1 TIK-
4.2

J1.1J11.2
JI1.3J12.1J13.1
2139233

1.3

BBenenue B napannensHoe
nporpamMmupoBanue. HayuHeie n
TEXHUYECKHUE 3a]a4H1, TpeOyrome
WCTIONIb30BAHUS MTapalIeIbHBIX
BbIuucieHuid. OCHOBBI CTaHJapTa
OpenMP. Tupekrusa parallel. Momens
namsitu OpenMP. [TupekTussl
pacnipenenenus pabotsr: for, sections,
single. JInpeKTHBEI CHHXPOHU3ALIUH:
barrier, atomic, critical, master.
DYHKIIUH ¥ IEPEMEHHBIE OKPYKSHHUS
OpenMP. 3amkw, GyHKIHA 1151 paOOTHI C
3amkamu. J{upexrupa task. BekropHbie
HHCTPYKUUH, qupekTrBa Simd. Tumnsr
MepEeMEHHBIX M0 YMOIYaHHIO.
W3011poBaHHbIC AUPEKTHBEL.
TecTupoBaHUE U ONITHMHU3AIIAST
nporpamm OpenMP. /Cp/

44

TIK-1.1 K-
1.2

JI1.1J11.2
J1.3J12.1
213233

1.4

Konrponbnas padota /KoHTp.pad./

IK-3.1 K-
4.21IK-1.1
MK-1.2

JI1.1 JI1.2J12.1
019233

1.5

3aueT /3auét/

IK-3.1 K-
4.21IK-1.1
IK-1.2

JI1.1J11.2
JI1.3J12.1
0102393

Pazpen 2. Cranpapt MPI

2.1

OcHoBsl cTangapta MPI. ®ynakimn
nepechuIKy cooduenuit. [modanbHble
KOMMYHHKALIUH. Y IpaBjIeHUE IPYHIIaMH
¥ KOMMYyHHUKaTtopamu. [Ipon3BoHbIe
tunsl MPI. Tononorun. /Jlex/

16

MK-3.1

J1.1J11.2
J1.3J12.2
0102393




2.2

OcHoBsl cTangapta MPI. ®ynakimn
nepechuIKy cooduenuit. [modanbHble
KOMMYHUKALIMH. Y IpaBjIeHUE IPYHIIaMH
¥ KOMMYyHHUKaTtopamu. [Ipon3BoHbIe
tunsl MPI. Tononoruu. /J1a6/

16

IK-3.1 IIK-
4.2

JI1.1J11.2
JI1.3J12.2J13.2
0102393

2.3

OcHoBsl crannapta MPI. @ynxuun
MepechUIKH coodiieHuit. ['modanbHbIe
KOMMYHHUKAIIUH. YTIpaBICHHE IPYIIaMH
1 KoMMyHHUKaTtopamu. [IponsBogHbIe
tunsl MPIL. Tononoruu. /Cp/

24

IK-1.1 TIK-
1.2

J1.1J11.2
JI1.3J12.2
0109233

2.4

KonrpomnbHas pabota /KoHTp.pab./

IK-3.1 TIK-
4.2TIK-1.1
IK-1.2

J1.1J11.2
JI1.3J12.2
019233

Paznen 3. IIpoexTupoBaHue
napaJjiieJbHOro NporpaMMHOro
obecneyeHus

3.1

[TapaniensHbie anropuTMBL. AHAITN3

3¢ PEKTUBHOCTH MapaJuIeIbHBIX
aNTOPUTMOB. AHAIH3
MPOM3BOTUTEILHOCTH MapaLIEIbHBIX
nporpamM. [IOHATHS yCKOpEHHUS U
s¢pexTrBHOCTH. 3aKOH AMana. 3aKoH
I'ycraBccona-bapcuca. PazpaboTka
rubpuaaeix OpenMP/MPI iporpamm.
Wuterparms OpenMP moayneii 8 MPI-
nporpammy. TecTHpOBaHUE
nporpaMMHOro obecnedenus. Onucanue
Y TOKYMEHTAIHS TS MapajjieIbHOTO
porpaMMHoro obecrnieueHus. /JIex/

16

IK-3.2 TIK-
4.1 TIK-4.2
IK-4.3

J1.1J11.2
J1.3J12.1
0109233

3.2

[TapamnensHbie anrOpuTMBL. AHAITN3

3¢ PEKTUBHOCTHU MapaJuIeIbHBIX
aIropuTMOB. AHANN3
IIPOU3BOIUTEILHOCTHU NapauIeIbHBIX
nporpamM. [loHsTHS yCKOpeHUs 1

s pexTrBHOCTH. 3aKOH AMana. 3aKoH
I'ycraBccona-bapcuca. PazpaboTka
rudpuaseix OpenMP/MPI nporpamm.
Wurterparms OpenMP monysneit 8 MPI-
nporpamMmy. TectupoBaHue
nporpaMMHoro obecneuenus. Onucanue
1 IOKyMEHTAIH I TapajlIeIbHOTO
porpaMMHoro obecrneuenus. /J1ad/

16

I1K-3.2 TIK-
4.1 TIK-4.2
IK-4.3

J1.1J11.2
J1.3J12.1
J12.2J13.1 J13.2
013233

3.3

[MapannensHble aNMrOPUTMEL. AHAIN3

3¢ GEKTUBHOCTH MapauIeIbHBIX
aNTOPUTMOB. AHAJIH3
MIPOM3BOTUTEIILHOCTH MapaJUIEIEHBIX
nporpaMM. [ToOHATHST YCKOpPEHHUS 1

s dexrrBHOCTH. 3aKOH AMana. 3aKoH
I'ycraBccona-bapcuca. Pazpaborka
ruopuaaex OpenMP/MPI iporpamm.
Wuterpamus OpenMP moxayneii 8 MPI-
nporpammy. TecTupoBaHue
mporpaMMHoro obecneuenus. Onucanue
Y TOKYMEHTAIHS LTS TapajljIeIbHOTO
nmporpaMMHoro obecneuenus. /Cp/

20

IK-1.1 TIK-
1.2

J1.1J11.2
JI1.3J12.1 J12.2
0109233

3.4

DK3aMeH /Dk3amMeH/

32

IK-3.1 K-
3.21IK-4.1
I1K-4.2 TIK-
431IK-1.1
IK-1.2

JI1.1J11.2
J1.3J12.1 J12.2
013233

5. ®OHJ OHEHOYHBIX CPEJICTB

5.1. KoHTpoJibHbIE BONPOCHI U 3aJaHUS

Hpe,Z[CTaBJ'IeHO OTACJIbHBIM JOKYMEHTOM

5.2. Tembl nUCbMEHHBIX PadoT

Hpe,Z[CTaBJ'IeHO OTACIIBHBIM TOKYMEHTOM

5.3. ®oH/ OLICHOYHBIX CPECTB




Hpe,Z[CTaBJ'IeHO OTACIIbHBIM JOKYMECHTOM

6. YHEBHO-METO/MYECKOE H HHOOPMAIIMOHHOE OBECIIEYEHWE JTUCHUIIJIMHBI (MOAY JIS)

6.1. PekomeHyeMasi JuTepaTypa

6.1.1. OcHoBHas quTEpaTypa

ABTOPBI, COCTaBUTENHN

3arnaBue

W3narenscTBO, TO

Konnu-Bo

I'eprens B. I1.

Teopus U MpaKkTHKa MapaUIebHBIX BRIYUCICHHUH: YUeOHOe
nocobue

Mocksa: BUHOM.
JlabopaTopust
3HaHui, IHTEepHEeT-
YHusepcurer
HNHdpopmamoHHbIX
Texnonoruit
(MHTYUT), 2007,
3JIEKTPOHHBIN

pecypc

1

J1.2

®denoros U. E.

Moenu nmapauiebHOTO IPOTPaMMHPOBaHUS: yaeOHOE
mocodue

Mocxksa: COJIOH-
MMPECC, 2012,
3JIEKTPOHHBIN

pecypc

ABTODBI, COCTaBUTETHN

3arnaBue

H3paTenscTBO, IO

Konny-Bo

J1.3

denoros U. E.

[Ipuemsb! mapauienbHOTO MPOrpaMMHUpPOBaHUs: Y4yeOHOe
nocooue

Mockaa:
Poccuiickuii HOBBIH
yHuBepcurer, 2009,
3JIEKTPOHHBIN

pecypc

1

6.1.2. lonoHUTEIbHAS TUTEPATypa

ABTOpBI, COCTaBUTEIN

3armaBue

H3narenbcTBO, TOJ

Konnu-Bo

J12.1

Jlesun M. I1.

IMapaniensHOE MPOrpaMMHUPOBAHUE C UCIIOIBE30BaHUEM
OpenMP: yue6HOe mocodue

Mocksa: nrepHer-
YHuBepcurer
NudopmarmonHsIx
Texnonoruit
(MHTYUT), 2016,
3JIEKTPOHHBIN

pecypc

1

J2.2

Amnronos A. C.

[MapannensHOe MPOrpaMMHUPOBaHKE C UCTIOJIb30BAHHEM
texnojoruu MPI

Mocksa: nrepHer-
YHuBepcurer
NudopmarmonHsIx
TexHonoruit
(MHTYUT), 2016,
JJIEKTPOHHBIHN

pecypce

6.1.3. MeTtoauueckne pa3paboTKu

ABTOpBI, COCTaBUTENN

3ariaBue

H3parenbcTBO, TOJ

Konnua-so

JI3.1

Paxosckuii A. B.

TexHonoruM napamuienbHOro nporpaMmupoBanus: CTanaapT
OpenMP

Cypryrt:
W3parenbckuii HeHTp
Cypl'V, 2015

40

JI3.2

Aobpamsta M. D.

[IpaxkTukyMm Mo napauieabHOMy IPOTrPaMMHPOBAHUIO €
HCIIOJIB30BAHUEM 3JICKTPOHHOT'O 3a/la4YHHKa Programming
Taskbook for MPI

PoctoB-Ha-/lony:
FOxHbI
(enepanbHbIH
yuuBepcutet, 2010,
JJIEKTPOHHBIN

pecypc

6.2. Ilepeyenb pecypcoB HHPOPMAMOHHO-TeJIeKOMMYHHKANOHHOI ceTn "UHTepHeT"

31

Hayunast snexrpoHHas 6u6noTeka

22

MsaoronpoduibHbli 06pa3oBarenbHblil pecypc « KOHCYIBTaHT CTyIEHTa»

33

IocynapcTBeHHas myOIuYHAs HAyYHO-TEXHUYecKas oubnmoreka Poccun

6.3.1 Ilepeyens MPOrpaMMHOr0 ofecredyeHnst




6.3.1.1

Oneparmmonnas cuctema Microsoft Windows, maker npuxmamasix mporpamm Microsoft Office.

6.3.1.2

Ornepaunonnas cucrema Linux (cBo6oHoe nporpamMmMuoe obecriedeHne)

6.3.1.3

Komnexuus komnunsaropos gcc (cBoO01HOE IpOrpaMMHOE 00ecIieYyeHHE )

6.3.2 Ilepevyenb nHGOPMALUOHHBIX CIIPABOYHBIX CHCTEM

6.3.2.1

«HanuoHnanpHas 3JIeKTpoHHAs OnOIHOTEKa» HA0.pd

6.3.2.2

IapaHT-uHpOPMAIMOHHO-TIPaBOBOI TTopTai. http://www.garant.ru/

6.3.2.3

Koncynerantllinroc — HagexHas mpaBoBas noagepskka. http://www.consultant.ru/

7. MATEPUAJIbHO-TEXHUYECKOE OBECIHEYEHUE JUCIUIIJIMHBI (MOIY JIs1)

7.1

YueOHble ayUTOPUU IS IPOBEJCHHS 3aHATUH JIEKIIMOHHOTO TUIA, IPYIIOBLIX U MHAUBUIYalbHbIX KOHCYIIbTAIUH],
YKOMIUIEKTOBaHHBIE CIIEIHATN3HPOBAHHON MeOETbI0 N TEXHUIECKUMH CPEICTBAMH 00YIEeHUS (TOCKA, SKPaH
(cranuoHapHBIH UM IEPEHOCHOIT), IPOEKTOP (CTallMOHAPHBINA UK IEPEHOCHOM)). YueOHble ayIUTOpUU

7.2

JUTSL TIPOBEICHHUS JIAOOPATOPHBIX 3aHITHH - KOMITBIOTEPHBIH KJlacc, 000pYI0BaHHBIH TEXHHUKOH (TIEpCOHABHBIC
KOMITHIOTEPBI, IOKATbHASI BHIYUCIUTENIbHAS CETh C BBIXOJIOM B INI00ATIBHYIO ceTh INternet u 1o0cTymnoM B SNIEKTPOHHYIO
UH(POPMAIMOHHO-00pa30BaTENILHYIO CPEY OPraHU3aIl|H) 3 pacueTa OJJUH KOMIIBIOTEpP Ha OJTHOTO 00Y4aroIIerocs, ¢
00YCTPOCHHBIM Pab0OYUM MECTOM NPEOaBaTENs.

7.3

Tomemenust 11 caMOCTOSATENbHON pabOTH 00YJYaIOIINXCS, OCHALIEHHbIE KOMIIBIOTEPHOHN TEXHUKON ¢ BO3MOXXHOCTBIO
noJIKoYeHns K cetu "MHTepHeT" 1 00ecnedyeHuns 10cTyna B 3JeKTPOHHYIO HH(OpMaIlMOHHO-00pa30BaTeNIbHYIO Cpeay
OpTaHM3AIIHH.




