MuHucTepcTBO HayKH U BhIcIIero oopasoBanus PO Dopma
VYIIbSHOBCKUI rOCyJapCTBEHHBII YHUBEPCUTET P
®-Pabouast mporpaMma IHCHHUILUIHHBL

pemeHreM Y4€HOro coBera (axyinbTeTa MaTEMaTHUKH,
I/IH(i)OpMaIII/IOHHI)IX 1 aBUAlIUOHHBIX TEXHOJOTHH

——
t

: QT«IG» ;iag 2023 r., npotokon Ne 4/23

’ Sray ) » _.:,: ° 7
Hpe{j;g‘e_:izar'u;b._“ Fo -;;,/// / M.A. Bonxkos
1 225\ s Sa g3l «16» mast 2023 r.

PABOYASA ITPOI'PAMMA JTUCIHIAIIVIMHBI

Jucrunnuxa [TapannenpsHO€ MPOrpaMMUPOBAHHUE

®DaKkynbTeT ®dakynbTeT MaTeMaTUKU, HH()OPMAITMOHHBIX M aBUAITMOHHBIX TEXHOJIOTHUI
Kadenpa TeneKoOMMYHUKAIITMOHHBIE TEXHOJIOTUH U CETH

Kypc 4

Hanpasiienne (cienmanpHocTh) 09.03.02 MHGOPMAITMOHHBIE CHCTEMBI U TEXHOJIOTHN
K00 Hanpaeienus (C”l@l/ﬂ/laﬂbllOCmu), noJiIHoOe HauMeHosaHue

Hamnpasnennocts (mpoduns/criennanuzanus) Pa3zpaboTka nHPOPMAITMOHHBIX CUCTEM

noJiHoe HaumMeHosdaHue

dopma 00ydeHUsT OUHAsI, 3a0YHAs

O4Has, 3ad04HAsl, OYHO-3A04YHAA

JlaTa BBeneHus B yaeOHbIH miporiecc Yal'Y: «1» centsa6ps 2023 r.
[Iporpamma akTyanH3HpoOBaHa Ha 3aceJaHHH KadeJpbl: poTokom No_ 1 or 09 2024 r.
IIporpamma akTyaHM3HpOBaHA HA 3aceJaHUH KaeJphl: IPOTOKOI Ne oT 20
IIporpamma akTyaHM3HpOBaHA HA 3aceJaHUH Ka(eJphl: IPOTOKOI Ne oT 20

Ceenenus o pa3paboTUUKax:

0JDKHOCTH
015(0) Kadenpa A ’
yueHasi CTeTIeHb, 3BaHHE
bynaeB Anekceill AnekcaHIpoBUY TTC K.T.H., JOLECHT

COI'JTACOBAHO

3aBeayroUnii BeIMycKatomen kapeapoi
TEJICKOMMYHUKALIMOHHBIX TEXHOJIOTUH U

ceTen
=
/ /’f:p /[  Cwmarun A.A /
Tloonuce DUO
«16» mas 2023 r.

®dopma 1uz 21



MuHucTepcTBO HayKH U BhIcIIero oopasoBanus PO

o o Dopma
VYIIbSHOBCKUI rOCyJapCTBEHHBII YHUBEPCUTET

®-Pabouast mporpaMma IHCHHUILUIHHBL

1. HOEJIX U 3AJAYU OCBOEHUA JUCHUIIJIMHBI:

Llesin ocBOeHUs AUCUMILINHBI: (OPMUPOBaHHE OOIIEKYIbTYPHBIX U PO(HECCHOHATBHBIX
KOMIETEHINH, HEOOXOAMMBIX Ui peain3alud WH(OOPMAIMOHHO-aHATUTUYECKOH W Hay4YHO-
HCCIIEI0BATEIIBCKON JEATEIbHOCTH.

3agaum ocBOeHUsI JMCHUILVIMHBI: IPHOOPETEHNE B paMKaX OCBOEHHUS IIPETYCMOTPEHHOTO
KYPCOM 3aHSTHH CIEAYIOIINUX 3HAHWUN, YMEHUN M HABBIKOB, XapaKTEPHU3YIOIIUX ONPEICIEHHBIN
YpOBEHb C(HOPMUPOBAHHOCTH IEJIEBBIX KOMITETEHIIMHN (CcM. oapoOHee 11.3):

1) 3Harte:
— CTPYKTYpPBI IPOTPaMMHOT0 00ECTIeUeHUs;
— QJIropuTMbl 00pabOTKN YMCIIOBOW U TEKCTOBON MH(OpMAIINH;
— CpeAcCTBa peaju3alyy AITOPUTMOB Ha SI3bIKE IPOTPAMMHUPOBAHHS;
— HOBEMILIMX HaIlpaBJIEHUN B 00JIaCTH TEXHOJOTUN POrPaMMHUPOBAHUS;
—  SI3BIKM IPOTPaMMUPOBAHUS U METO/IbI Pa3pabOTKH aIrOpUTMOB

—  COCTaBIIATH AJITOPUTM PELIEHUS 3aJa9H

— TpaBWIbHO (GopMyIHpoBaTh TpeOOBAHUS K MapalljieIbHbIM U paclpeieIeHHbIM
MIpOrpaMMaM B COOTBETCTBHH C aIIIapaTHBIMHU PECYPCAMH;

— MPOU3BOJIUTH IEKOMITOZHIIUIO 3aa4H;

—  pealn30BBIBATH MapalIeIbHbIE aITOPUTMBL;

3) BIaaECTh:

— HaBBIKAMH PabOTHI C PA3JIMYHBIMH HH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIMU
TEXHOJIOTUSAMU;

—  HaBBIKAMH [IPOrPaMMHPOBAHMS B COBPEMEHHBIX Cpejiax.

2. MECTO JUCIHMUIIJIMHBI B CTPYKTYPE OIIOII:
Jucnunnuna «IlapamiensHoe MporpaMMUPOBaHUE» OTHOCUTCS K YHCTY JTUCIUTIIIAH
omoka b1.B.1./1B.07.02, npeaHa3Hauye€HHOTO /ISl CTYJACHTOB, OOYYaIOIIUXCS 10 HAMPAaBICHUIO:
09.03.02 MadopManioHHbIE CUCTEMBI U TEXHOJIOTHH.
JI1s1 yCTenrHOro 3y4eHHs TUCIUIUIMHBI HEOOXOAMMBbI 3HAHUS U YMEHHUSI, TPUOOPETEHHBIC
B pe3yJbTaTe OCBOCHHs KypcOB «JIMCKpeTHass MaTreMaTWKa W MaTeMaTH4eCKas JIOTHKay,
«MHpopmMaTHKa U MPOrPaMMHUPOBAHNE» U TTOJHOCTHIO MJIM YaCTUYHO C(POPMHUPOBAHHBIE
kommnerenuu [1K-6.
OcCHOBHBIE OJIOXKEHHS AUCHUTUTMHBI UCTIOIB3YIOTCS B JAIbHEUIIIEM ITPU U3YYECHUH TaKUX
JTUCIUTLINH KakK: «ba3bl qaHHBIX», « TEXHOJIOTHH MPOTPaMMHUPOBAHUS.

3. NEPEYEHDb IIVIAHUPYEMBIX PE3YJBTATOB OBYUEHUS 11O
JUCHUIIIMHE (MOAYJIIO), COOTHECEHHBIX C
MJIAHUPYEMBIMH PE3YJBTATAMU OCBOEHUSI OCHOBHOM
MPOP®PECCHUOHAJIBHOMN OBPA30OBATEJIBHOMN ITPOTPAMMBI

Ilepeyens MIaHUpPyeMbIX pPe3yJIbTATOB 00y4eHHS 10
AUCHHUILINHE (MOIYJII0), COOTHECEHHBIX C MHANKATOPAMH
JMOCTHIKEHUS KOMIIeTEeHIINH

Koa n HammeHoBaHue
peaan3yeMoii KOMIEeTEeHIIUH

I1K-3 3HaTh:

CnocoOeH HCHONB30BaTh| — CTPYKTYPHI IPOIPaMMHOTO 00ECTICUEHHS;
MareMaTHYECKUEe METOJbI| — aJIrOpuTMbl  OOpaOOTKM  YHCIOBOM ¥ TEKCTOBOU
00paboTKH, aHaIu3a U uHdopmanuy;
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Koa n HammMeHOBaHMe
peaiu3yeMoii KOMIeTeHI MU

Ilepeuens MIaHUpyeMBbIX pPe3yJIbTATOB 00y4eHHS 10
AUCHUILINHE (MOIYJII0), COOTHECEHHBIX ¢ MHAUKATOPAMH

JOCTHKEHHA KOMIIeTEeHIIUi

CHUHTE3a pe3yabTaToOB
HUCCIIEJOBAaHUN

YMmers:

Bmagers:

CpEeIACTBA  peanu3anuu
IIPOrpaMMHUPOBAHUS;
HOBEHIINX HANPAaBJICHUM B
IIPOrpaMMHUPOBAHUS;

A3BIKA IIPOTPAMMHUPOBAHUS W METOJBI
AITOPUTMOB;

AJITOPUTMOB Ha SI3BIKE

00JJIaCTH  TEXHOJIOTHUH

pa3paboTKu

COCTaBJISITh AJITOPUTM PELICHUS 3a/1a41

MPaBUILHO dbopMynHpoBaThH TpeboBaHUS K
napayieIbHBIM M PACIpeeIeHHbIM TMporpaMMaM B
COOTBETCTBHUH C almapaTHbIMU PeCcypcamu;

MIPOU3BOIUTH JICKOMIIO3HUIIHIO 33/1a4H;

peaTn30BhIBATh MapajuIeIbHBIC aJTOPUTMBI;

HaBbIKAaMU pPa0OThl C pPa3IUYHBIMH HHPOPMAIMOHHO-
KOMMYHHKAIIUOHHBIMU TEXHOJIOTUSAMU;
HaBBbIKAMHU IIPOTPAaMMHUPOBAHMSI B COBPEMEHHBIX Cpelax;

4. OBIIASA TPYAOEMKOCTD JUCHUIIJINHBI
4.1. O0beM IUCHUIJIMHBI B 3a49€THBIX eIMHUIAX (Bcero) 4
4.2. O6beM TMCUMILUTHHBI 110 BUAAM yueOHO# padoThl (B yacax)

dopma 00ydeHus: ouHas

Bup y4yeOHoii padoThI Kosan4yecTBo yacos
(hpopma 00yueHns1 0UHAA)
Bcero no miiany B T1.4. o
cemecTpam
7
1 2 3
KonraktHas padota oOyuaronuxcs ¢ 36 36
npernojaBaTesieM B coOoTBeTCTBUH ¢ YII
AyIUTOpPHBIC 3aHITHS: 36 36
Jlexkuu - -
CeMuHaphbl U IPAKTUYECKUE 3aHATHS 18 18\18*
JIaGopaTopHble pabOThI, IPAKTUKYMBI 18 18\18*
CamocrostenbHas paboTta 36 36\36*
dopma TeKyIlIero KOHTPOJs 3HaHUN 1 KOHTpoJs | TecTupoBaHue, TectupoBanmue,
CaMOCTOSITENILHOM paboTHI oTpoC oTIpoC
Kypcogas pabota - -
Buer mpoMexxyTO4HOM aTTecTanuu (IK3aMeH, 34T 3a4€T
3a4er)
Bcero yacoB no agucuumuinHe 72 72
dopma o0ydeHus: 3a09Hast
®dopma 3m32l
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Bua yueOHo# padoTbl

KoauuecTBo yacos
(hopma 00yuenus 3a04uHas)

Bcero no niiany B 1.4. mo
ceccusiM
11
1 2 3
KonTakTHas paboTta 00ydarommxcs ¢ 8 8
MperoiaBaTeieM B COOTBETCTBUHU € Y1
AyYIUTOpHBIC 3aHSITHS: 8 8\8*
Jlexuun - -
CeMuHapbl U MPAKTUYECKUE 3aHATHS 4 4\4*
JIaboparopHbie pabOThI, TPAKTHKYMBI 4 4\4*
CamocTrosTenpHas paboTa 60 60
@dopma TeKyIero KOHTpoJIsd 3HaHUM U KOHTposs | TectupoBanue, TectupoBanue,
CaMOCTOSTEIBHOM PabOTHI ompoc ompoc
Kypcosas pabora - -
Buapl mpoMeXyTOUYHOM aTTecTanuu (IK3aMeH, 3a4éT 3a4ér (4)
3a4er)
Bcero gacos o gucrumninie 72 72

4.3. ConeprxaHue TMCUMILTHHBI (MoayJisi.) PacnpenesieHue 4acoB o reMaM U BUJaM

yueOHoii padoThI:
®dopma 00ydeHUS: OUHAs

Buabl yueOHbIX 3aHSATHH dopma
AyIuTOpPHBIE 3aHATHS 3ansn TeKyllero
JIa6opato | Taa B | Camocrto
Ha3Banue IIpakTue P KOHTPOJIst
Bcero pHbIe HHTEp ATeab 3HAHU
pa3/1esioB U TeM cKHe
Jlekunn padoThI, aKTHB Has
3aHATHS, N
MPAKTHKY HOI1 padoTa
CeMHHApPbI
MbI ¢opme
1 2 3 4 5 6 7
TMonsTue 8 - 2 2 2 4 Tectuposa
BBICOKONPOM3BOIUT HHe
eabHbIX IIBC Ol 0’ c
(BIIBC). P
IMapasienbHbie 8 - 2 2 2 4 Tectuposa
aJIrOPUTMBI. HHe
b
OIpoC
AaropurmMuzanus 8 - 2 2 2 4 Tectuposa
napauieJibHbIX HUE
BbIYMCJICHHUIA. ’
OIIpoC
CpencrBa 8 - 2 2 2 4 Tectuposa
pa3padoTku HUE
napajIebHbIX ’
. OIpocC
BbBIYHUCJIECHUH C
HCIIOJb30BAaHUEM
NMOTOKOB (HUTei)
Koj1a.
Cpencrsa 8 - 2 2 2 4 Tectuposa
pa3padoTKn HUE
pacnpejeJeHHbIX ’
®dopma 4n321
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BbIYMCJICHHUIA. OIIpoC
ITporokoa u 8 - 2 2 2 4 TectupoBa
oubauorexu MPI. HUE
b
OIIpoC
Cpencrtsa co3nanus 8 - 2 2 2 4 Tectuposa
H OTJIAAKHU HUE
napajieJbHbIX ’
ompoc
3aaad.
A3eik OCCAM, 8 - 2 2 2 4 Tectupon
KOHCTPYKIIUH aHUe
SI3bIKA, NOHSATHE ’
ompoc
MPOLIECCOB,
KaHAJIOB.
Yaanennsie 8 - 2 2 2 4 Tectupon
BBI30BBI POLIEAYP. aHue
b
ompoc
HToro 72 - 18 18 18 36 -
®dopma 00ydeHUs: 3a09Has
Buabl yueOHbIX 3aHATHIA dopma
AyauTOpHBbIE 3aHATHS 3ans TEeKyLero
i B | Camocto
Ha3Banue IIpakTue LU 20 KOHTpo.Is
Bcero pPHbIE HHTEP ATelb SHAHMI
pa3aesioB U TeM CKHe
Jlekunu padoThl, aKTUB Has
3aHATHS, .
NPAKTUKY HOM pa6oTa
CeMHMHAaPbI
MBI dopme
1 2 3 4 5 6 7
TousiTe 8 - 1 - - 7 Tectupora
BBICOKONPOU3BOIUT HUE
eabHbIX IIBC ol (;C
(BIIBC). P
MapannenbHble 8 - 1 - - 7 Tectuposa
aJITOPUTMBI. HUE
2
OIIpoC
AnropuTMH3anus 9 - 1 1 1 7 TectupoBa
napajieibHbIX HUE
o b
BbIYHCIEHUI.
OIpocC
Cpencrea 9 - 1 1 1 7 Tectuposa
pa3padoTkun HUE
napajieibHbIX ’
o OIpocC
BBIYMCJIEHUN C
UCTI0JIb30BAHUEM
MOTOKOB (HUTEH)
Koj1a.
CpencrBa 9 - - 1 1 7 Tectuposa
pa3paboTku HUE
b
pacrnpe/eieHHbIX
BbIYMCJICHHUIA. orpoc
ITpoTokoa u 9 - - 1 1 8 TectupoBa
oudsmorexu MPI. HUE
b
ompoc
Cpencrtsa co3ianus 8 - - - - 8 Tectuposa
U OTJIAAKH HUeE,
CD()pMa 5m 21
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napaJjuieJbHbIX OIIpocC
3aJa4.
S3bik OCCAM, 8 - - - - 8 Tectupos
KOHCTPYKIHUH aHue,
SI3bIKA, IOHATHE
OoIIpocC
IpoueccoB,
KaHaJI0B.
Y naneHnbie 8 - - - - 8 Tectupos
BBI3OBBI IpoOLeayp. aHue,
OIIpoC
Hroro 72 - 4 4 4 60 -

*B cnyuae Heo6x00uMOCmu UCNONb3068AHUSL 8 YUeOHOM NPoyecce YaCmMUuyHO/ UCKTIOUUMENbHO
OUCTNAHYUOHHBIX 00PA308AMENILHBIX MEXHOI02UT 8 MAbUYe Yepe3 Cleul YKA3bleaemcs KOIUYecmeo 4acog pabomuol
HIIC ¢ obyuarowumucs npu nposedeHuy 3aHamull 6 OUCMAHYUOHHOM QopMame ¢ NPUMEHEHUEM JJIeKMPOHHO2O
o0Oyuenusl.

**B unmepaxmueHou popme nposoosmcs 6ce nabopamopuvie pabomul. Tema u codepoicanue 3ausamust
npusedenvt 6 nynkme «JIABOPATOPHBIE PABOTHI (JTABOPATOPHBIH IIPAKTUKYM). Cmonbey «3ansmus 6
UHmMepaKmueHoll hopmey 8 noOcuéme UMo208 He ywacmeyem, m.x. oyoaupyem cmonbey «Jlabopamopuas pabomay.

5.COAEP)KAHUE JTUCLUJINHBI (MOJIYJIS)

Tema 1. Ilonamue evicokonpouszeooumenwvhuvix IIBC (BIIBC).

3amaun gucnuiuimHbL. Knaccudukanus mnapaiedbHbIX BbIYHCICHHN 1Mo DnuHHY n
Kpumnaamappu. CriocoObl TMOBBIMICHUS] MMPOU3BOAUTEIBHOCTH KOMITHIOTEpA: KOHBEHWEpHU3aIHs,
K3IIMPOBAHWE KOMaH] W JAHHBIX, YBEIWUYCHUE KOJIMYECTBA PETHCTPOB, CYNMEPCKAISIPHOCTH
MHKPOCYTEPCKAISIPHOCTh TPOIIECCOPOB. MoJeIn MHOTOIPOIIECCOPHBIX CHUCTEM (MEpPeXoj]; OT
RAM x PRAM), nokanbHast nmaMmsiTh, MOJYJIH C IMWHHOW CBSI3bIO, pasjeisieMas oOmias maMsTh.
Tononoruu MEXMO Ty IbHOM CBSI3U: IIWHA, IBYMEPHAs CE€TKa, TUIIEPKYO, 1epPEBbs (B T.4. TOJCTHIC
JEPEBhs), KOMMYTHUPYIOIIHA Tpad. ApPXUTEKTypa CYNEPKOMITBIOTEPOB. TpaHCIBIOTEPHBIE
CETEBbIE aAPXUTEKTYphl. PacmpenerneHHbIE CHCTEMBI: KJIacTepbl M CETH (IMHAMHYECKHE,
cTaTudeckue). MeTpudecKkne XapaKTepUCTUKH BBIYHUCIUTENBHOM ceTu: J(mamerp, CBS3HOCTb,
IIMPUHA CEYCHHUsI, TIOTOK Yepe3 CeUeHUe, CTOMMOCTh. OIEHKH METPHUK I Pa3IuvYHBIX CETCH.
Jlornueckast u pusmueckas opranuzanuu [IBC. CepuanuzyeMocTs, TpeOOBaHHs KOT€PEHTHOCTH,
CTOMMOCTb MEPECHUIKU B MapauIeTbHBIX cucTeMax. MapuipyTu3amusi.

Tema 2. Ilapannenvuvie anzopummol.

OTnuuus mapajulesbHBIX aJTOPUTMOB OT IOCJIEAO0BATENIbHBIX alropuT™MoB. IlocTaHoBKa
3aJjaul pacnapajieIMBaHus CYIECTBYIOLUX CepUaIbHBIX aropuTMoB. [Ipumep cymmupoBanus
MaccuBa. Peanu3anus mnapajieNbHbIX QJITOPUTMOB C HCIOJIB30BAaHUEM IpOLEcCOB. Bumbl
MEXIIPOLIECCHON KOMMYHUKalMu (CUrHanbl, ceMmadopbl, pasaensiemMas MaMsATb, KaHAJbI,
coobuienus). Onenka 3h(HheKTUBHOCTH aIrOpUTMa ¢ Y4eTOM BPEMEHHM JIOCTaBKH KOJ1a U JTAHHBIX
BBIUMCIIUTENILHOMY y31y. 3akoHbl Awmpana. llenecoobpa3HocTs pacnapauienuBanus. Kax
aHAJTM3UpPOBaTh 3aBUCHUMOCTh JAHHBIX W KOJa B IMocjenoBaTelabHON mnporpamme. Ilopsiox
BBIUMCIIEHUH, Tpad 3aBUcUMOCTU. Moaens «rpy0oii cuibsl». [lpumepst pemennii s PRAM, BSP,
LogP. IlpeoGpa3zoBanus mapauienu3aluu IUKIOB. JlocTaBka JaHHBIX, OTOOpa)X€HHE MacCcHBa
JIAHHBIX Ha pacHpeesIeHHYI0 CUCTEMY, U30BITOUHOCTE. BrusHue annaparHoii peanusaiun PRAM
Y IPOOJIEMBbI KOT€PEHTHOCTH JaHHBIX. MO/l KOHKYPEHTHOW M UCKJIIOUUTEIbHON MPUMHUTHUBHBIX
onepanuii ¢ namsateio (EREW, CRCW, CREW, QRQW).

Tema 3. Aﬂzopummwauuﬂ napauieibHblx ébIYUCTIeHUIL.

®dopma 6u3 21
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[Ipunnun «Pa3nensaii-u-pnacTByii». Buapl 1€eKOMIO3UIUH 3aa4y: 110 JAHHBIM, 110 KOy,
[0 BBINIOJHEHNUIO, KOMOWHUpOBaHHbIE. [IpuMepsl pa3nuyHbIX AexoMno3unmii. CopTHpOBKa,
BBIIYKJIbIE 00O0JIOYKM, MaTpUUYHBIE ONEpalUM: MPUMEPbl JEKOMIIO3UIUHU PEKYPCHBHOIO BHUJA.
Marpuussle onepanuu: IOpUMEP IEKOMIIO3MIMHM [0 JAaHHBIM, OJHO-, JBYX- U TpPEXMEpPHOE
pa3oueHwus.

Tema 4. Cpeocmea pazpabomku napanieibHbIX 6bIUUCTIEHUIL ¢ UCHOb3068AHUEM
nomokoe (Humeit) Kooa.

[Tponeccer 1 motoku (HUTH) ynpasieHus. [loustue nporecca. [Iporieccsl ¢ moaaepKKoi
MHOTI'OIIOTOYHOCTH. I[I/ICHGTLIGPI/I?.aIII/If[ mponeccoB. I[I/IHaMI/I‘IGCKaSI U CTAaTUCTHUYCCKAA CBA3b
MEeXAy MpOLEcCOpoM M odepeabto. Beaymue u paznenseMble MJIAHUPOBIIUKHU IPOLIECCOB.
B3aumonelicTBue miIaHUPOBIIMKA CO CTPYKTYPaMU CUCTEMHBIX JIaHHBIX M MpUMHUTUBOB sifpa OC.
CoctaB M (QyHKIMM JUCHETYEpPa W CHUCTEMHBIX YIPABISAIOUIUX IPOTpaMM — MPOrPaMMBbI
MHANMAIA3AIUY, [IPOrpaMMbl TaUMUPOBAHUS, IPOrPaMMBbl YIPAaBICHUS BOCCTAaHOBJICHHUSIMU.
KpaTtkocpoyHoe miaHMpOBaHHME MPOLIECCOB M TOTOKOB B MHOIOIPOLIECCOPHOM cHucTeMe.
Cocrasnsromnue sapa u mosib3oBatess B mporieccax B UNIX. Curnansl kak mpocTeHIme cpeacTpa
KOMMYHHUKaIIUH. KOMMYHI/IKaI_[I/Ifl U CHUHXpOHHU3AIUA MOpOoHCcCCOB B MNECHTPAIU30BAHHBIX
aApXUTEKTypax, OCHOBHBIE TMOHSTUS W ONpeleieHusd. 3ajadya IMepeladyd JaHHBIX MEXKIY
MpoIecCaMy  «UWTaTeIb-TIucaTenby. [ynuku. Mojenu ajis aHajiu3a CBOWCTB aCHHXPOHHBIX
npoueccoB. Anroputm JuikeTpsl 1 3agaun 06 obenaronux punocodax. Ilonstue TynukoBoi
cuTyanuu U crnocoObl 60pwObI ¢ Hell. APl moTokoB BeIMosHEHUS (GUPMBI Sun U OMpeaeIeHUs
POSIX. CunaxpoHu3ainus MOTOKOB BBITIOJTHEHHUS: B3aUMOUCKITIOYAIOIINE OJIOKUPOBKH, YCIOBHBIC
nepeMeHHbIe, 0apbephl, OJIOKUPOBKH YTCHUSI-3AITHUCH.

Tema 5. Cpeocmea pazpadomiku pacnpeoeieHHbIX bI4UCTICHUIL.

CpencTBa pa3pabOTKU pacIpeCICHHBIX BBIYUCICHUH ¢ UCTIOIB30BaHUEM MapajlIeIbHOM
BUpTYyasbHOU MammHabl PVM. Ucnonb3oBanue pynknuii ondaunorexku Pvmlib. CoctaB ¢yHKIuUiA.
Kommwtsiiiust u 3armmyck nporpamm B cpeae PVM.

Tema 6. IIpomoxkon u 6uonuomexu MPI.

CoctaB  (yHKIMI, TUOBI JAHHBIX, OpraHu3anus oOMeHa JaHHBIMHU. [Ipumep
ucnonbp3oBanus Ouobmuoreku MPI. Cpena Bbemonnenus LAM. YcraHoBka, HCHOJB30BaHUE
(KOMITWJTSIIIMS ¥ 3aITyCK MPOrpaMM, KOH(MUTypaIyst BBIYUCITUTEIBHON CUCTEMBI).

Tema 7. Cpeocmea cozoanus u omaadKu napanilenbHulX 3a0ay.

Tpancasus, KOMIIOHOBKA, 3arpy3Ka 3ajad. SI3pIKH MapasiebHOTO IPOrpaMMUPOBAHUS U
cpelsl MpOorpaMMHpOBaHUs. PacuivpeHus cTaHAApTHBIX S3bIKOB MPOTPAMMHUPOBAHUS VIS
co3ganus napasmienabHbix nporpamM. CILK, mPC. JlononHuTtenbHbIE ONEpaTophl, UX CHHTAKCHC
U ceMaHTHKa. OCOOCHHOCTH peanu3alyii ¥ IpUMepsl IPOrpaMMHUPOBAHUSL.

Tema 8. A3eik OCCAM, Kkoncmpykuyuu azvika, nonamue npoyeccos, Kanaoe.

IIpoucxoxxaeHue s3bIKa U €ro NEPEHOC Ha HETPaHCIBIOTEpHBbIE cHUCTeMBI. lIpuMepsl
MIPOCTBIX MPHIIOKEHUH, 0TOOpaKaIOLINX KOHBEHepHYI0 00paboTKy HaHHBIX. [I[pumep yMHOKEHUS
MaTpuLbl Ha BeKTop. [Iporecc 1ocTaBKM JaHHBIX B BBIYMCIUTENBHBIN y3ei. [Ipouecchl-3armyniku.

Tema 9. Yoanennute 6v1306v1 npoueoyp.

BbICOKOYpOBHEBBI ¥ HHU3KOYpOBHEBBIH HHTepdeiic mnporpammupoBanusi. XDR-
npeoOpa3oBaHus, ayTeHTU(HUKAIMS, ITMPOKOBEIIATENbHbIN peskuM. Mcnonb30BaHue TeXHOIOTHI
DCOM u CORBA s co3aanusi pacnpeeeHHbIX TPUI0XKEeHUH. SI3bIK onucanust uHTepdeicon
IDL.
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6. TEMbI IPAKTUYECKNX U CEMUHAPCKHX 3AHATHUI

Tema 1. IlonsiTue BoicokonpoussoauteabHbix IIBC (BIIBC) (popma nposenenus —
ceMHUHap)
Bomnpocs! no Temam paszaena
1. 3amaun QUCHMIUIMHEL
2. Knaccudukanus mapajiesibHbIX BeraucieHui mo @nuany u Kpumaamapou.
3. CrocoObl OBBIMIEHHSI TPOU3BOIUTEIFHOCTH KOMITBIOTEpA: KOHBEHEpHU3aIlus,
K3UIMPOBAaHNE KOMaH/I U IaHHBIX, YBEJIMUYEHUE KOJIUYECTBA PETUCTPOB,
CYNEPCKAISIPHOCTh U MUKPOCYIEPCKAIIPHOCTD MPOLIECCOPOB.
4. Mojenu MHOTOIIPOIIECCOPHBIX CUCTEM
Tema 2. IlapajiesibHble aIropuTMbl ((popMa poBeeHUS — CEMHIHAP)
Bomnpocsl mo TemMam pasjaena
1. Ornuuus napasuieabHBIX AITOPUTMOB OT MOCIIEOBATENbHBIX AJITOPUTMOB.
2. TlocraHoBKa 3amauun pacmapauieTUBaHUsI CYIIECTBYIOMUX CEPUATBHBIX
AITOPUTMOB.
3. Peanmmzanus mapamienbHBIX aITOPUTMOB C UCTIOJIB30BaHUEM IIPOIIECCOB.
4. Bwuapl MeXIPOIIECCHOW KOMMYHHUKAIIUH.
Tema 3. AuiropurMu3anus napajjieJbHbIX BhIUYHcIeHUi (Hopma nmpoBeeHns —
CEMUHap)
Bonpocsl mo Temam paszaesia
1. Tlpunnun «Pa3nensii-u-BIacTBY».
2. Bujpl A€KOMIIO3ULIUY 33Ja4H: 110 TaHHBIM, IO KOJY, 10 BBIIIOJHEHHUIO,
KOMOMHHPOBAHHBIE.
3. CopTtupoBkKa, BBIIYKIIbIE 000JI0YKH.
Tema 4. CpeacrBa pa3padoTKu NapajiieibHbIX BHIYUCJIEHUH ¢ HCII0JIb30BAHUEM
NnoToKoB (HUTeH) Koaa (popma mpoBeeHUs — CEMUHAP)
Bonpocel mo remam pasjaesia
1. Tlpomecchl v MOTOKW (HUTH) YIIPABIICHHUS.
2. Tlonsartue nporiecca.
3. Tlpomuecchl ¢ MOAAEPKKONW MHOTOTIOTOUYHOCTH.
4. JlucrieTyepuzainus MpOIECCOB.
5. JluHamuyeckas M CTaTUCTHYECKAs CBSI3b MEXKY MPOLECCOPOM U OUYEPEIBIO.
Tema 5. Cpeacrsa pa3padoTku pacnpe/ejieHHbIX BblunciaeHuii (hopma mpoBeaecHUs
— CEMHUHAp)
Bomnpocsl o Temam pasjaeJia
1. CpencrBa pa3paboTKu pacnpeeeHHbIX BEIUMCIEHUH ¢ HCIIOJIb30BaHHEM
NapajuleJIbHON BUPTyanbHON MamnHel PVM.
2. Wcnone3oBanue ynkiuii oudnuorexu Pvmlib.
3. CocraB QyHKIHUI.
4. Kommunanus u 3amyck nmporpamm B cpene PVM
Tema 6. IIporoxos u 6udauorexkun MPI (popma npoBeneHns: — ceMUHap)
Bonpocsl mo remaMm paszaesia
1. CocraB ¢hyHKIMIA, TUTIBI JAHHBIX, OPraHU3aIHs 0OMEeHa JaHHBIMU.
2. Cpena eimonnenus LAM.
Tema 7. CpeacTBa co31aHus U OTJIAAKH NapaJLIeJbHBIX 32124 (popMa IPOBEICHUS —
CEeMMHap)
Bonpocsl mo remaMm paszaesia
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1. Tpaucnsuus, KOMIIOHOBKa, 3arpy3Ka 3ajiad.

2. SI3bIKM mapajieIbHOTO MPOTPAMMUPOBAHUS U CPEbl TPOTPAMMHUPOBAHHSL.
Tema 8. sI3pik OCCAM, KOHCTPYKIMH f3bIKA, IOHSTHE MPOLECCOB, KAHAJIOB

(popma poBeeHMsI — ceMUHAp)

Bonpocsl no Temam pasjeJia

1. TlpoucxoxxneHue A3bIKa U €ro NepeHOC Ha HETPAHCIIbIOTEPHBIE CUCTEMBI.

2. Tlpomecc 1OCTaBKHU TAaHHBIX B BBIYUCIUTEIBHBIA y3€ll.

3. Tlporecchi-3ariIyniKky.
Tema 9. Y nanennble BbI30BbI poueayp (popma npoBereHus — CEeMUHap)

Bonpocsl no remam pasaeiia

1. BbicOKOYpOBHEBBIN 1 HU3KOYPOBHEBBIN HHTEp(EIc TPOrpaMMUpPOBaHUS.

2. XDR-npeo6pa3oBanusi, ayTeHTH(HUKAIUS, ITHPOKOBEIIATEIBHBIA PEKUM.

3. HUcnonwzoBanne texnonoruii DCOM nu CORBA aiist co3manust pactpeneneHHbIX

MIPUIIOKEHHMN.

7.JABOPATOPHBIE PABOTHBI, IPAKTUKYMBbI

JladopaTopHas padora Ne 1

Ilenp — maTh mpejacTaBlIeHUE O TMOCTPOCHHWH TPOCTHIX TMapaUICIbHBIX MPOrpaMM Ha S3BbIKE
napajuieTbHoT0 TporpammupoBanus MPI; mpencraBieHne o TapaIeNbHBIX MPOTpaMMax,
HACTpaWBaeMbIX Ha pa3Mep BBIYHCIUTENBHON CHUCTEMBI, KaKk Ha [apaMmeTp; 3aKpemnuThb
MPAKTUYECKOE OCBOCHUE (DYHKIMI MapHBIX B3aUMOJICHCTBUN MEXIYy BETBAMH IapajuieIbHOMN
MIPOrPaMMBI.

3amanwme 1. TIporpammupoBaHre KOHBEHEpA.

BetBb 0 nmepechuiaeT HEKOTOPHIE JaHHBIC BETBU 1, BETBb | MpUHSATHIC JaHHbBIC NTEPEIacT BETBU 2,
BETBb 2 MPUHSATHIC JaHHBIE TEepeAacT BETBHM 3 M T.JA. MO IIENOYKE yBEJIMYCHUS HOMEPOB. U,
HaKoOHeIl, BeTBb () MpUHUMAET NepechljlacMbIe TaHHBIC OT BETBH Size-1 ¥ BHIBOJIUT Ha KPaH CBOM
HOMEp U NPHUHATHIC AaHHBIC. T.e. mepechbulka HHPOPMAIMK MO KOJIbIY KOMIBIOTEPOB. B aTOM
puMepe MpoTrpaMMy ajJropyuTMa HY)KHO HalMcaTh HAaCTpaWMBAaEeMOW aBTOMATHYECKH Ha pa3Mep
BBIYUCITUTEIIBHOW CHCTEMBI, T.€. AJITOPUTM HE JO/DKEH 3aBHUCETh OT YHCJA KOMITBIOTEPOB M
MporpaMma J0JbKHA 3aIyCcKaThCsl Ha TI00OM JOIMYCTHMOM KOJIHUYECTBE KOMIIBIOTEPOB.

3aﬂaHI/I€ 2. HpOFpﬂMMI/IpOBaHI/IC KOJIBIICBBIX CABHUI'OB JAHHBIX

Bce BerBHM OJHOBPCMCHHO IICPCChLIAIOT HCKOTOPBLIC CBOM AAHHBIC BETBAM C HOMCpaMU Ha
CANHUIY 60JIBH_II/IMI/I, YeM IMCpecaaromunec BCTBH. T.e. MEpeChIIIKA I/IHq)OpMaI_II/II/I BJOJIb KOJIbIIa
KOMIIBKOTCPOB, CM. PUCYHOK HHIKC. B s>Tom npuMepe NporpamMmy ajiroputMa HY>KHO HAIIUCATb
HaCTpaHBaCMOﬁ ABTOMATHYCCKU HA Pa3sMEp BBIYHCIIMTEIIFHOM CUCTEMBI, T.C. AJITOPUTM HE NOJDKCH
3aBUCCTH OT YHCJIa KOMIIBIOTEPOB U IMPOrpaMMa JOJI’KHA 3aIllyCKaTbCs Ha T000M AOIIYCTUMOM
KOJIMYCCTBC KOMIIBIOTCPOB.

Y

A B

0] [t

B A
®dopma 9m321
A B




MuHucTepCTBO HayKH U BhICIIEro oOpa3zoBanust PO

o o Dopma
VYIIbSHOBCKUI rOCyJapCTBEHHBII YHUBEPCUTET

®-Pabouast mporpaMma IHCHHUILUIHHBL

OcHoBHble pyHkunu MPI

Cucrema MPI sBasieTcsi OCHOBHBIM CpEICTBOM IPOrPAMMUPOBAHMS TaKUX COBPEMEHHBIX
BBICOKOIIPOU3BOIUTENBHBIX MYJIBTUKOMIIBIOTEPOB, Kak Silicon Graphics Origin 2000, Cray T3D,
Cray T3E, IBM SP2 u muorux apyrux. MPl paGoTaer Ha cambIX pa3HBIX apXHTEKTypax
MYJIBTUKOMITBIOTEPOB, KaK C paclpe/eIeHHON NaMsAThIO, Tak U ¢ paszenseMoi naMmsrbio. Kpome
toro, MPIl paGoTaer Ha ceTsX KOMIIBIOTEPOB (KJIACTEpax) OJHOPOJHBIX U T'€TEPOTEHHBIX.
KonnuecTBo KOMIBIOTEPOB B CETU MOKET OBITH OT OJIHOTO U OoJiee. BaxHeilelh 0coOeHHOCThIO
MPI sBrisieTcs TO, YTO MOJIB30BATENb IPU HAIIMCAHUH CBOUX MapaljIeNIbHbIX IPOTpaMM He JO0JDKEH
YUUTBIBATh BCE 3TH apXUTEKTYpPHbIE 0COOEHHOCTH KOHKPETHBIX MYJIbTUKOMIBIOTEPOB, TOCKOJIBKY
MPI mpenocraBiser TONB30BATENI0 BUPTYAIBHBIM MYJIBTUKOMIIBIOTEP C pachpeneIeHHON
MaMSATHIO U C BUPTYAIIbHON CETHIO CBS3HM MEX]y BUPTYaJbHBIMH KOMIbIoTepaMH. [lonap3oBaTenpb
3aKa3bIBaeT KOJMYECTBO KOMIIBIOTEPOB, HEOOXOJUMBIX JUIsl PEIICHUS €ro 3aJa4yH, U ONpeaemseT
TOIIOJIOTHIO CBSI3€M MEeXIy 3TUMH KoMmmbrotepamu. MPI peanusyer 3TOT 3aka3 Ha KOHKPETHOM
¢dbuszuveckoit cucreme. OrpaHHYCHHUEM SIBIIETCS OOBEM OINEpPAaTUBHOW MaMATH (PU3HUECKOTO
MyJbTHUKOMITIOTEpa. TakuM o00pa3oM NOJIb30BaTENb PAa0OTAaET B BHUPTYaIbHOH Ccpele, 4To
obecreunBaeT MepeHOCUMOCTD €ro mapajuieabHbIX mporpamMm. Cucrema MPI npencrasisier coboit
OMOTMOTEKY CPEJCTB MapauIeILHOTO TporpaMMupoBanus i si3eikoB C u Fortran 77.

MeToabl pacnapajjieJIMBaHUs U MOJIeJIM NIPOrpamMm, noaaep:xusaemoie MPI

OpHolt U3 1enel, mpeciaeayeMbIX MPH PEIIeHUWU 337a4 Ha BBIUMCIUTEIBHBIX CUCTEMAaX, B TOM
yluclie U Ha NapajuleNbHBIX, — sBIsAeTCS 3(P(deKTUBHOCTh. D(P(HEKTUBHOCTh MapallieIbHON
MPOrpaMMbl CYIIIECTBEHHO 3aBUCUT OT COOTHOIICHHSI BpPEMEHHU BBIYMCIEHUNH KO BpEMEHU
KOMMYHHKAIMI MEX1y KoMIbloTepaMu (ipu oOMeHe JaHHbIMU). M 4eMm MeHbIle B IPOLEHTHOM
OTHOIIEHUHU A0Sl BpEMEHH, 3aTPau€HHOTr0 Ha KOMMYHHUKAIMHU, B 00IEM BpEMEHHU BBIYUCIICHUH,
TeM Ooutblie 3¢ hekTUBHOCTD. /11 mapasuieIbHBIX CUCTEM C Nepeiadeil COOOIIeHNn ONTUMaTbHOE
COOTHOIIEHUE MEXJAY BBIUMCICHUSIMH W KOMMYHUKAIUSAMH  OOECHEYHUBAIOT  METO/IBI
KPYIHO3EPHUCTOTO pacriapaieIMBaHusl, KOT1a MapaljielIbHbIe aITOPUTMBbI CTPOSTCS U3 KPYITHBIX
U peaKo B3auMoJecTByrouux O10koB [2—-8]. 3amauu nuHEHOW anreOphl, 3aJa4yM, periaeMbie
CEeTOYHBIMU METOJaMH M MHOTHE JApPYyrue, AOCTATOYHO 3(PPEKTHUBHO pacnapanrienusaomcs
KPYNHO3EPHUCIbIMU MEeMOOaMU.

MPMD - monens Bolumcienuii. MPl - mporpamma mpezacraBisieT co0oil COBOKYIHOCTh
aBTOHOMHBIX ITPOLIECCOB, (PYHKIIMOHUPYIOIIUX O] YIPABICHUEM CBOMX COOCTBEHHBIX IPOrpaMM
U B3aMMOJICHCTBYIOIIMUX TMOCPEICTBOM CTaHAAPTHOrO Habopa OMOIMOTEYHBIX MHPOLELYp IS
nepefayn M npuema coodOmenuil. Takum oOpazom, B camoM obmem ciyyae MPI - nmporpamma
peanmuzyer MPMD - mozens nporpammuposanust (Multiple program - Multiple Data).

SPMD - moznenb BeluuciieHHi. Bee npoiieccsl HCOMHSIOT B 001IEM cliydae pa3inyHble BETBU
OJTHOW M TOH ke mporpammbl. Takoil mojxox oOycClIOBJIEH TeM OOCTOSTEILCTBOM, YTO 3ajaua
MOJKET OBITh JJOCTAaTOYHO €CTECTBEHHBIM 00pa3oM pa3duTa Ha 10/13a/1auu, pelaeMble 0 OJTHOMY
anroputMy. Ha mpakTuke darie BCEro BCTpEYaeTcs MMEHHO 3Ta MOJENb NMPOrpaMMHUpPOBAHUS
(Single program - Multiple Data) [1,12].

[TocnenHiol0 MOJens MHA4Y€ MOXKHO HAa3BaTh MOJICNIBIO pACHAPANNENUBANHUs NO OAHHBIM.
Kpatko, cyre s3TOoro cmocoba 3akitodaeTcss B crieaywoouieMm. VIcxonHble aHHBIE 3a7ayM
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pacnpenensoTcs Mo IpoleccaM (BETBSAM IapajuIelbHOIO AJIrOPUTMA), a aJrOpPUTM SBISETCS
OJIHUM M TEM € BO BCEX IpOLECcCcaxX, HO AECUCTBUS 3TOIO aIrOPUTMa PaCHpElessItoTCs B
COOTBETCTBHMHU C UMEIOIIUMUCS B 3TUX IIpoLieccax oanHuimu. Pactipeaenenue AeicTBUMA allroputmMa
3aKJIFOYAETCs], HAIIPUMEp, B IPUCBOCHUH Pa3HbIX 3HAUEHUN IEPEMEHHBIM OJHUX U TEX K€ HUKIIOB
B Pa3HBIX BETBSIX, IMOO B UCIIOJIHEHUH B Pa3HBIX BETBSIX Pa3HOI'O KOJIMYECTBA BUTKOB OJIHUX U TE€X
XK€ IUKJIOB U T.I. [Jpyrumu cioBamu, mpouecc B KaxJ0W BETBU CIEAYET Pa3IU4HbIMU IYTSIMU
BBINOJIHEHUS HA TOM K€ CaMOM MPOTpaMMme.

VYka3aHHbIE MOJEIM, I[OMUMO TMOJJIEP)KKM Ha $A3BIKOBOM YpPOBHE, IOJIEPKUBAOTCS
apXUTEKTypaMH TaKHX CaMbIX cOBpeMeHHBIX cynepkomMibiorepoB kak: ASCI RED (6osnee 9000
Pentium PRO/200 o0beauHeHBI B €IMHYIO CHCTEMY, UMeeT ObicTpoaericTBue okojo 3,2 Tflops),
u ASCI WAIT (8192 -, umeer ObicTponeiicteue 12,2 Tflops), Cray T3D, Cray T3E, IBM SP2.

B nepBoii yacTu 1TaHO OIMCaHWE CUCTEMBI NapajuieabHOro nporpaMmmupoBanuss MPI. Jlansl
orepaTopbl KOMOWIALMY U 3amycka C-mporpaMm, NporpaMMHbIE€ CPECTBA 3a/laHUSI CUCTEMHBIX
B3aUMO/JICHCTBUI, BUpPTyalbHbIE TOMNOJOTMU. B KaxIoMm moapasziene NpUBOAATCA IMPUMEPHI
MPOrpaMM, 3aKpEIUISIONIMe MOHMMAaHHE M YCBOGHHME Marepuaja. JTH K€ MPUMEpPbl MOTYT
HCIO0JIb30BaThCA KaK 00pa3iibl AJIsl HATMCAHUs HOBBIX IPOTPaMM.

Bo BrOopoii dacTu gaHbl 4YeThlpe J1a0OpAaTOpPHBIX PpabOThI, IOCTPOEHHbIE Kak
MOCJIEIOBATEIbHOCTh ~ [IarOB MO  HW3YYEHHUIO TMPOTPAMMHBIX CPEJICTB  MapajIeIbHOIO
MIPOrpaMMHUPOBAHMS U OCBOEHHIO OCHOBHBIX HABBIKOB HAIMCAHUs ApaUIETIbHBIX IPOTPaMM.

JlabopaTopHasi pa6ora Ne 2

Lenp — maTe mpeacTaBieHHWE O MOCTPOCHUU MPOCTHIX MapajlielbHBIX MPOrpaMM Ha S3bIKE
napajuieTpHoOT0 TporpammupoBanus MPI; mpencraBieHne o TapalIeNbHBIX MPOTpaMMax,
HACTpaWBaeMbIX Ha pa3Mep BBIYHCIUTENBHON CHUCTEMBI, KaKk Ha MapaMmeTp; 3aKpemnuThb
MPaKTUYECKOE OCBOCHHE (PYHKIMI TMapHBIX B3aMMOJCUCTBHI MEXIy BETBSIMHU MapajlIeIbHOU
MIPOrPaMMBI.

3amanme 1. IIpopaboTka npumMepoB u3 myHkTa "[IpuMepbl napaieabHBIX MPOTpaMM" ATOU ke
J1a00paTOPHOM.

BaumarensHo usyunth npumepst 2.1, 2.2, 2.3. [Ipumepsr 2.2 u 2.3 (YMHOXEHHE MaTpHIIBl HA
BEKTOp Ha TOMOJIOTHUSX "KONbLO" M "HONmHBINA rpad") OTKOMIUIMPOBATH U 3aMyCTUTh Ha 4-X
KOMIIbIOTEpaXx.

3ananue 2. [lapamiensHoe yMHOKEHHE MATPUIBI HA BEKTOP HA TOTIOJIOTHH "KOIBIIO".

PazpaboTarhk aaropuT™ HamucaThb M OTJIaJUTh HapajuIeIbHYIO IPOrpaMMy YMHOXEHHUS MaTPULIbI
Ha BEKTOp B Tonojoruu "koiaelo": A x B = C, npu ycinoBuu, 4To KOJIMYECTBO CTPOK MaTPHIIBI U
2JIEMEHTOB BEKTOPA HALIENO HE JIENUTCA Ha KOJMYECTBO KoMIbroTepoB. Hanmpumep, marpuna A
pasmepom [22x22] u Bektop B pazmepom [22] Ha 4eThIpex KOMIBIOTEpax.

3ananue 3. [lapamnenbHoe YMHOXEHHE MaTPHIIBI HA MAaTPUILy HA TONOJIOTMH "KOJIbLO".

Bapuanr 1.

PazpaboTarh aaropuT™ HamucaThb M OTJIaIUTh HNapajuIeIbHYIO IPOrpaMMy YMHOXEHUS MATPUILIBI
Ha MaTpuily B Tonosoruu "konsno": A x B = C, npu yciioBuu, 4TO KOJMYECTBO CTPOK MaTPHUILBI
A u cTon6uoB MaTpulsl B Halleno genurcs Ha KOJIMYecTBO KoMIbioTepoB. Hampumep, Matpuna
A pasmepom [20x20] u matpuna B pazmepom [20x20] Ha yeTbIpex KOMIIbIOTEPAX.
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Bapuanr 2.

PazpaboTarps aaropuT™ HammcaTh ¥ OTIAIUTh MAPAJUIETBHYIO IPOrPaMMy YMHOKECHHUS MATPHIIBI
Ha MaTpuily B Tonosioruu "konbuo": A x B = C, npu ycinoBuu, 4To KOJIMYECTBO CTPOK MATPUILIbI
A ¥ cTonO1oB MaTpuilsl B Halleno He AeAUTCS Ha KOJIMYECTBO KOMIIbIOTEpOoB. Hampumep, Mmatpuna
A paszmepom [22x20] u marpunia B pazmepom [20x22] Ha YeTbIpeX KOMIIbIOTEpaX.

3ananue 4. CpaBHMUTEIbHBIE BpPEMEHHBIE XapaKTEPUCTHUKU [BYX QJITOPUTMOB YMHOXKEHUS
MaTpHIlbl Ha BEKTOP Ha TOMOJOTUAX "KoIbLo" 1 "MOIHbIN rpad".

B kauecTBe napayuieIbHBIX IPOTPaMM B3STh puMepsl 2.2 1 2.3 (YMHOKEHHE MaTPHUIIBI HAa BEKTOP
Ha TomoJiorusax "koaplo" u "momHeii rpad"). s obenx mporpaMM MOCTPOUTH HEOOJbIINE
rpadMKy 3aBHCUMOCTH BPEMEHHM DEUICHHS 33/la4d OT Pa3MepoB Marpumbl U BekTopa. O6e
IPOTrpaMMBI 3allyCTUTH MociieaoBaTensHo st matpuil: A = [300 x 300], [500 x 500], [700 x 700],
[1000 x 1000] 1 cOOTBETCTBYIOIIMX 3TUM MaTpHUIaM BEKTOPOB. OTKOMIMINPOBATH U 3aIyCTHTh
Ha 4-X KOMITBIOTEPAX, 3ace€4b BPEMS M IOCTPOUThH YKa3aHHBIC TpadUKy.

JlabopaTopHasi pa6ora Ne 3

[lenp — nmaTe mpencTaBiI€HHE O MOCTPOEHMU MPOCTHIX MApPAUIENBHBIX IIPOrpaMM Ha S3bIKE
napaienbHoro nporpammupoBanus OpenMP; 3akpenuTh NMPaKTUYECKOE OCBOCHUE JTUPEKTHUB
SI3bIKA.

3amanwne 1. TIpopaboTka mpumMepoB u3 myHkTa "[IpuMepbl mapaiieabHBIX MPOTpaMM" ATOU ke
1a00paTOPHOM.

BaumarensHo n3yunts npumeps! 3.1-3.5. OTkoMmuaupoBaTh ¥ 3aITyCTUTh Ha 2-X MpoI1ieccax.

3ananue 2. [lapannenbHoe yMHOKEHHE MAaTPULIbI HA BEKTOP

Bapmanr 1.

Pa3paboTtare anroput™m HammcaTh U OTIAAUTH MapaIICNbHYIO IPOTPAMMY YMHOXKEHUSI MATPHUIIbI
Ha BEKTOP C UCIOJB30BaHUEM paclpeaeseH s padoT Il mapalieIbHBIX TPOLIECCOB AUPEKTUBOM
sections. Hcrosib30Bath anroput™ npumepa 3.5.

Bapmuanr 2.

Pa3paboTtare anroput™m HammucaTth U OTIAAUTH MAPAIIICIbHYIO IPOTPAMMY YMHOKEHUSI MATPHUIIbI
Ha BEKTOp C MCIIOJB30BAaHUEM paclpesieieHuss padoT A HapaiesIbHBIX MPOIECCOB C
HEMOCPEICTBEHHBIM 3a[aHieM paboThl («BpyuHYI0»). Mlcnoabp30BaTh allropuT™ npumepa 3.5.
3anmanue 3. [lapamienbHoe yMHOXKEHHE MaTPHIIbI HA MATPHUILY.

Bapuanr 1.

Pa3paboTarh aaropuT™ HamucaTh M OTJIAJUTh MapaUICIbHYIO IPOTpaMMy YMHOKEHHUSI MaTPUIIbI

Ha MaTpuly € UCIIOJIb30BAHUCM JUPCKTUBBI paciiapalyiICJIMBaAHUS UKJIA 110 BUTKaM.

Bapuanr 2.
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Pa3paboTtars anroput™ HammucaTh ¥ OTIAAUTH MAPAIUICIBLHYIO TPOTPAMMY YMHOXKEHUSI MATPHIIBI
Ha MaTpully C HCIOJIb30BAHMEM paclpeieieHuss paboT Julsl NapajljiesIbHBIX IPOLIECCOB C
HETIOCPEACTBEHHBIM 3aJaHueM PabOThI («BPYUHYIO»).

3ananue 4. CpaBHMUTEIbHBIE BpPEMEHHBIE XAPAKTEPUCTUKU JABYX aJITOPUTMOB YMHOXKEHMUS
MaTpuIsl Ha BeKTOp Ha si3bike MPI 1 si3p1ke OpenMP.

B kauecTBe napasuieapHbIX IPOrpaMM B3SITh HapajliedbHbIE IPOrPAMMBI: «YMHOXKEHUE MaTPULIbI
Ha BekTop B MPI| Ha Tononoruu "KoabI0"» U «yMHOXEeHHE MaTpuibl Ha BekTop B OpenMP (oaux
13 BapuaHToB)». [ 06enx nporpamm MnocTpouTh HEOObIINE TpapUKU 3aBUCUMOCTH BPEMEHU
pelIeHus 3a/1a4M OT pa3MepOB MaTpuIlbl ¥ BekTopa. O6e mporpaMMBbl 3aIyCTUTh HOCIIE10BATENbHO
s marpui: A = [300 x 300], [500 x 500], [700 x 700], [1000 x 1000] u COOTBETCTBYIOIIMX STHM
MaTpuliaM BEKTOpoB. OTKOMIMWIMPOBATh M 3ayCTUTh Ha 2-X KOMIIBIOTEpPAxX, 3aceub BpeMs U
MIOCTPOUTDH YKa3aHHbIE TPaPUKH.

OcHoBubie JupexkTnBbl OpenMP

Yro takoe OpenMP?

Wuatepdeiic OpenMP 3amymaH kak cTaHTapT sl TPOTPaMMHPOBAaHUS Ha MacmITaOMpyeMbIX
SMP-cucremax (SSMP,ccNUMA, etc.) B mojaenu obmeit namsaru (shared memory model). B
craagapt OpenMP BxomsaT cnenudukanuu Habopa AUPEKTHB KOMIUIATOPA, MPOIEAYpP U
MepeMEHHBIX cpefbl. [Ipumepamu cuctem ¢ oOmeil maMsaThio, MaCIITAOMPYEMBIX /10 OOJBIIIOTO
YHcIa MPOIECCOPOB, MOTYT CITYKUTH cynepkoMibioTepsl Cray Origin2000 (o 128 mporieccopos),
HP 9000 V-class (1o 32 mporeccopoB B 0JHOM y3iie, a B KoHbuUrypanuu u3 4 y3ios - g0 128
mporieccopoB), Sun Starfire (o 64 nporeccopos).

I'ne naiitu nadopmaruio?

OcCHOBHO HCTOYHUK HH(pOpManuu - cepsep http://www.openmp.org/. Ha cepBepe ocTymHbI
crien()MKAIMH, CTAaThH, Y4eOHbIC MAaTEPUAIIbI, CCHUIKH.

bazoBbIil TOTOKOBBIN MApATIIEIIU3M

OOIIeA0CTYIHBINA MPOIECC MAMSITH MOXET COCTOATh W3 MHOKECTBEHHBIX MOTOKOB, HECKOJIBKO
HUTEH YIpaBICHUs, KOTOPbIC HMEIOT 001IIee aJpecHOe MPOCTPAHCTBO, HO Pa3HbIC MOTOKH KOMAH/I
U pasjieibHble CTIKU. B mpocreiiniemM ciydae, mpoIecc COCTOMT U3 OJHOW HUTH. HuTh mHOTIA
Ha3BIBAIOT TaK)Ke TMOTOKaMH, JierkoBecHbiME mporeccamu, LWP (light-weight processes)..
OpenMP ocHOBaH Ha CYIIECTBOBAaHHU MHOYXECTBEHHBIX MMOTOKOB B OOIIEAOCTYITHOW MaMsITH,
POTrPaMMHUPYIOIIEH Mapaurmy.

SBHb1i [apannenusm

OpenMP wumeer sBHyr0 (HE aBTOMATHUYECKHI) MOJENIb TMPOrpaMMHUPOBAHUSA, Mpeiaras
IIPOrPaMMHUCTY IIOJIHOE YIPABIEHUE TI0 paclapaljieInBaHUIO.

Monens Fork-Join (Betsaenne — O0beuHEHNUE)
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OpenMP ucnonbzyer Fork-Join moienb napasuielbHOTO BBITIOTHEHUS:

Bce mporpammer OpenMP HaunHarOTCs Kak € JMHCTBEHHBIN MPOIIECC: IJIaBHBIN MOTOK. [ 1aBHBIIA
MIOTOK BBIMOJHIETCS IOCIEN0BAaTENIbHO, IIOKAa HE CTAJKUBAIOTCS C MEpBOiMl 001acThio
NapaJuIeIbHON KOHCTPYKIIMH.

Fork (BETBJIEHUE): rnaBHbIi MOTOK CO3/IACT PYIITY HapaJlIebHBIX TOTOKOB.

NHcTpyknmm B mporpamMme,  KOTOpbIE  BKIIFOUYEHBI  MAPAJUIEIBHOW  KOHCTPYKLMEHR
obnactu {*pernoHa* }, Torja BbIIIOJHEHbI APAJUIEIBHO CPEAU PA3IMUHbBIX TOTOKOB I'PYIIIBI

Join (OFBEJJVMHEHUE): Korma mOTOKM TpyNNbl 3aBEpIIAOT HHCTPYKIUH B 00JACTH
napajuleIbHOM KOHCTPYKLMH, OHM CUHXPOHM3HMPYIOTCS W 3aKpBIBAIOTCS, OCTaBJSAS TOJBKO
TJIABHBIN MTOTOK.

ey

T

3

—

master
thread

=

master
thread

S

master
thread

1

2. IupeKTHBBI

JupextuBsl OpenMP ¢ Touku 3penus si3bika C SBISIOTCS KOMaHAaMH MperpoIieccopa:
#pragma omp

(DopraHa ABJIAIOTCA KOMMCHTApUAMA U HAYUHAKOTCA C KOMGI/IHaI_II/II/I CHUMBOJIOB:
ISOMP.

®opmat nupektuBsl Ha C/C++:
<KOMaH/1a JiIs Tpernpoleccopa™> <uMs AUPEeKTUBb> <npeanoxeHue(klausa)>

#pragma omp parallel [clause clause ...]

{

JIMPEKTUBBI MOXKHO pa3JIeNIuTh Ha 3 KaTETOPUU:
- onpezieTieHne NapayliebHON CeKIIHH,
- pa3zenenue paboThl,
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- CHHXpOHU3aLUS.
Kaxxnast aupexkTuBa MOXET UMETh HECKOJIBKO JIONOJHUTENBHBIX aTpuOyToB - Kiay3. OTAenbHO
cnienupUIUpPYIOTCs KIay3bl Ul Ha3HAYCHHs KIACCOB MEPEMEHHBIX, KOTOPbIE MOTYT OBITH
aTpuOyTaMu pa3IMYHBIX TUPEKTUB.

8. TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®@EPATOB

He nmpenycmoTpensl.

9. HNEPEYEHD BOIMPOCOB K 9K3AMEHY (BAYETY)

=

3amaun TUCIUILINHEL.

Knaccudukanus napamienbHbix Beraucienuit no @nunny u Kpumnamapdu.

CrrocoOBbI MOBBIMIEHUS TIPOU3BOAUTEILHOCTH KOMITBIOTEpA: KOHBEHepHU3aIlus,

K3ITUPOBAaHNE KOMAH/I ¥ JIAHHBIX, YBEJIMYCHUE KOJIMYECTBA PETHCTPOB,

CYIEPCKATSIPHOCTh M MEKPOCYIIEPCKAISPHOCTH ITPOIIECCOPOB.

Mo1e;111 MHOTOITPOIIECCOPHBIX CHCTEM

OTruus mapauieTbHBIX aJITOPUTMOB OT TIOCIIEI0OBATEIIEHBIX aJITOPUTMOB.

[TocranoBKka 3a7aun pacnapaIeIMBaHUs CYIIECTBYIONMINUX CEPUATBHBIX AJITOPUTMOB.

Peanuzarus napanienbHBIX AITOPUTMOB C UCIIOJIH30BAHHUEM IMTPOIIECCOB.

Bubsr Mexpo1iecCHOM KOMMYHUKALIUH.

[Tpunnun «Pa3aensii-u-BnacTByi».

0. Buapl 1eKOMITO3UIIMY 3a7a49H: 110 JAHHBIM, TI0 KOY, O BBITOJTHEHUIO,
KOMOWHHPOBAHHBIE.

11. CopTtupoBKa, BBITYKJIbIE 000JIOYKH.

12. TIponiecchbl v MOTOKW (HUTH) YIIPABIICHUS.

13. TlonsTre mporiecca.

14. TIpouecchl ¢ MOAEPKKONW MHOTOITOTOYHOCTH.

15. JlucrieTuepu3zanusi MpoIieccoB.

16. JInHamMudeckas ¥ CTAaTUCTHYECKAs CBSI3b MEXKy IIPOIIECCOPOM H OUEPEIBIO.

17. CpencrBa pa3paboTKH pacnpeie/eHHbIX BBIYUCICHUH C UCIIOJIb30BAHUEM MapalIeIbHON

BUPTYyaJIbHOU MaluHbl PVM.

18. Ucnonb3oBanue Gpyukuuii 6ubmmoreku Pvmlib.

19. CocraB ¢yHKIHIA.

20. Komnunsanus u 3anmyck nporpamm B cpene PVM

21. CoctaB pyHKIUH, TUIIBI TAHHBIX, OpraHu3alys oOMeHa TaHHBIMH.

22. Cpena soinonnenus LAM.

23. Tpaucnauus, KOMIOHOBKA, 3arpy3Ka 3aad.

24. $I3p1ku mapauIeTFHOTO IPOTPAMMUPOBAHUS U CPEJIBI TPOTPAMMHPOBAHHUSL.

25. TlpoucxoxkaeHue sA3bIKa U €ro MEePeHOC Ha HETPAHCIBIOTEPHBIE CHCTEMBI.

26. IIporecc 1O0CTaBKH JaHHBIX B BHIYMCIUTENBHBIN y3e.

27. IIporuecchl-3ariaymKy.

28. BrICOKOYpPOBHEBBII U HU3KOYPOBHEBBIN HHTEP(EIC MPOrpaMMHUPOBAHHSL.

29. XDR-npeoOpa3oBanusi, ayTeHTU(HUKAIUS, ITMPOKOBEIIATEIbHBIA PEXKUM.

30. UcnonwzoBanue texuonoruit DCOM u CORBA 11 co3nanust pacrpeneaeHHbIX

MIPUIIOKEHUHN.

wmn

ROoo~NoOA
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10. CAMOCTOSATEJBHASA PABOTA OBYYAIOLIUXCS

dopma o0ydeHHsST OUHAS

Ha3sBanue pasjesioB u Bua camocTosiTeIbHOI padoThI Oo0bem ®opma
TeM (npopabomka yueonozo mamepuana, B yacax KOHTPOJIA
peuwienue 3adau, pegpepam, 00K1ao, (nposepka
KOHmMpOIbHAA padoma, n0020Mo6Ka K peuienusn
coaue 3auema, IK3ameHa u op.) 3a0au,
pechepama u
op.)
[ousTre YTeHHE OCHOBHOU U JOIOJHUTEILHON 4 OIpoc
BBICOKOIIPON3BOAUTEIIbHBIX
I1BC (BIIBC). JIUTEpaTyphl, CAMOCTOSATEIBHOC
U3yYeHUE MaTepraia 1o JUTePaTyPHBIM
HMCTOYHUKAM;
apannenbHbie YTeHHE OCHOBHOU U JOIMOJHUTEILHON 4 OIpocC
AJITOPUTMBI.
JUTEPATYPBI, CAMOCTOSTEIIEHOE
M3YYCHHE MaTepraa Imo JIUTePaTypHbIM
UCTOYHUKAM;
AnropuTMH3aLHs YTeHUE OCHOBHOU U JONOJHUTEILHOMU 4 OIpoC
fapayineIbHBIX JUTEPATYPHI, CaMOCTOSITEITLHOE
BBIYUCIICHUMH.
U3ydeHue MaTepHasa 1o JUTepaTypHbIM
UCTOYHUKAM;
Cpencrsa paspaGoTky YTEHUE OCHOBHOM U JIONOJHHUTEIBbHOU 4 [IpoBepka
T1apaylIe/bHEIX JIMTEPATYPHI, CaMOCTOSTEIILHOE peLeHus
BBIYHMCJICHUU C
U3y4eHUEe MaTepuaa 1Mo JUTepaTypHbIM 3a1a4
HCIIOJIB30BAHUEM IIOTOKOB
(sureii) Koma. UCTOYHUKAM;
Cpernctsa pa3paboTky CaMOCTOSITEJIbHOE BBITNIOJIHEHUE 4 ompoc
pacrpeeICHHbIX PaKTHIECKUX 3aJaHUN
BBIYUCJICHUH.
pPENpOAYKTUBHOTO THNa (OTBEThl Ha
BOIPOCHI, TPEHUPOBOYHBIEC YIIPAKHEHHUS,
3a/1a4M, TECTHI);
IIporokon 1 GHOTHOTEKH | CaMOCTOSTEILHOE BBINOJTHCHUE 4 [TpoBepka
MPI. MPAKTHYECKUX 3aJaHui peleHus
pPENpOAYKTUBHOTO THIa (OTBEThl Ha 3a1a4
BOIPOCHI, TPEHUPOBOYHBIE YIIPAKHEHHUS,
3a/1a4d, TECTHI);
Cpencrsa co3zanus 1 CaMOCTOSITCIbHOC BBINIOJIHCHHUE 4 ITposepka
OTIAJKH TapaJIIebHBIX HPaKTHYECKUX 3aJJaHui peuIeHus
3aaad.
% pPENpPOAYKTUBHOTO THMA (OTBETHI HA 3a1a4
BOIPOCHI, TPEHUPOBOYHBIE YITPAKHEHUS,
3a/1a4M, TEeCThI);
Szeik OCCAM, YT€HWE OCHOBHOW M JOIOJHUTEILHOMN 4 oTIpocC
KOHCTPYKIHH A3bIKA, JHUTEPATYPHI, CaMOCTOSITEITLHOE
HOHATHE TPOLECCOB, U3y4eHHEe MaTepHala 1o JUTepaTypHbIM
KaHaJIoB. M p patyp
UCTOYHUKAM;
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V naneHHsie BHI30BbI YTeHUEe OCHOBHOM W JOHNOJIHHUTEIBLHOU 4 OIpocC
TIpOHCAYP- JIMTEPATYPHI, CaMOCTOSITEIIbHOE
M3y4YeHUE MaTepuasa 1o JUTepaTypHbIM
HMCTOYHHUKAM;
dopma o0ydueHHs 3a049HAS
Ha3sBanue pasjesioB u Bua camocTosiTeIbHOI padoThI Oo0bem ®opma
TeM (npopabomka yueonozo mamepuana, B yacax KOHTPOJISA
peuwienue 3adau, pegpepam, 00K1ao, (nposepka
KOHmMpOIbHAA padoma, n0020Mo6Ka K pewenus
coaue 3auema, IK3amena u op.) 3a0au,
pechepama u
op.)
Howusitue YTEHUE OCHOBHOW U JIOTIOJTHUTEIHLHOM 7 ompoc
BBICOKOIIPON3BOANUTEIIbHBIX
I1BC (BIIBC). JIMTepaTyphl, CAMOCTOSITEIIBHOE
HM3y4YeHHe MaTepHraia Mo JIUTePaTypHbIM
HCTOYHHUKAM;
apannenbHbie YTeHUE OCHOBHOU U JOIOJHUTEILHON 7 OIpocC
aJITOPUTMBI.
JUTEPATYPBI, CAMOCTOSITENBHOE
M3y4eHUE MaTepHalla Mo JINTepaTypHbIM
VCTOYHHUKAM;
AJITOpUTMH3ALHS YTEHUE OCHOBHOM M JIONOJHUTEIBHOU 7 OIIpoC
TiapaJinenbHbIX JMTEPATYPHI, CaMOCTOSTEIILHOE
BOIAHCICHIH. M3y4eHUE MaTepuaia I0 JUTePaTypHbIM
MCTOYHHUKAM;
Cpencrsa paspaGoTky YTEHUE OCHOBHOM U JIONOJHUTEIBHOU 7 IIpoBepka
TiapaJinenbHbIX JMTEPATYPHI, CaMOCTOSTEIILHOE peLICHHS
BOFHMCIICHIT © U3Yy4YEHUE MaTepuala 1Mo JUTepaTypHbIM 3a1a4
HCIIOJIB30BAHUEM IIOTOKOB
(HuTeit) KO, MCTOYHHUKAM;
Cpencraa paspaOoTky CaMOCTOSITENIbHOE BBIIIOJIHEHUE 7 onpoc
pacrpeneCHHBIX HPAKTHYECKHUX 3a1aHu
BBIYUCJICHUH.
PENpPOAYKTUBHOTO THMa (OTBETHI HA
BOIIPOCHI, TPEHUPOBOYHBIE YIIPAXKHEHUS,
3a/1a4M, TEeCThI);
Iporokon i GHOTHOTEKH | cCaMOCTOSITEIILHOE BBITIOJTHCHHE 8 [TpoBepka
MPI. MPaKTUYECKUX 3a/1aHUI peuieHus
pPENpPOAYKTUBHOTO THNa (OTBEThl Ha 3a1a4
BOIIPOCHI, TPEHUPOBOYHBIE YIIPAKHEHUS,
3a/1a4u, TECTHI);
Cpencrsa co3anus 1 CaMOCTOSITCIBHOC BBINIOJIHCHHUE 8 IIposepka
OTIaJIKH TapaJlTeTBbHbIX NPaKTHYECKUX 3aJJaHui peuIeHus
Saat PENpPOOYKTUBHOTO THMA (OTBETHI HA 3a1a4
BOIIPOCHI, TPEHUPOBOYHBIE YIIPAXKHEHUS,
3a/1a4u, TECTHI);
Szeik OCCAM, YTEHHE OCHOBHOM U OIIOJIHHUTEIILHOMU 8 ompoc
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KOHCTPYKIIMH A3bIKA, JIATCPATYPHI, CaMOCTOSITCIIbHOC

TIOHATHE TIPOLECCOB, U3yYCHHUE MaTepHaia Mo JUTEPaTypPHBIM

KaHaJIoB.
HCTOYHUKaM,

V najieHHBIE BEI30OBEI qyTeHHEe OCHOBHOM W JONOJHHUTEILHOU 8 OIpocC

TIpOLEAYD- JTUTEPATYPHI, CaMOCTOSITEITHHOE
HN3YUCHHUC MaTCpUalia 1o JIUTCPATyPHBIM
HCTOYHUKaM,

10. YHEBHO-METOANYECKOE U UTH®OPMAIIMOHHOE
OBECIIEYEHUEINCHOUIIJIMHBI

a) Cnmcoxk peKoMeH/1yeMoii JTMTepaTypblOCHOBHAS

1. Manssxko, A. A. TlapamiensHOe TpOrpaMMHUPOBAHKUE HA OCHOBE TEXHOJOTHUMA
openmp, cuda, opencl, mpi : yue6roe mocobue i By30B / A. A. MajsiBKo. —
3-e u31., uctp. u gon. — Mocksa : M3garensctBo FOpaiit, 2022. — 135¢. —
(Bwicmiee oopazoBanue). — ISBN 978-5-534-14116-0. — TekcrT :
anekTpoHHbIH // OOpa3oBarensHas mwiatdopma FOpaitt [caitt]. —
URL.: https://urait.ru/bcode/492127

2. ®wumaros, A. C. [TapamnensHoe mporpaMMupoBaHue : yaeoHoe mocooue / A. C.
®unaroB. — Mocksa : PTY MUPDA, 2021. — 46 c. — Tekcr :
ANEKTPOHHBIN // JIaHb : anexTpoHHO-0nbMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/218429

JlomoaHuTeNbHAS

1. JleBun, M. I1. [1apaymensHOE MPOTPaMMHUPOBAHUE C UCIIOJIB30BAHUEM
OpenMP : yue6Hoe mocobue / M. I1. JleBun. — 3-¢ u3a. — Mockaa :
Hurtepuer-Yuusepcuretr Undopmarnmonnsix Texnonoruit (MHTYUT),
A IIu Ap Menua, 2020. — 133 ¢. — ISBN 978-5-4497-0685-0. —
Tekct : anexrponnsiii // Lludposoii o0pazoBarenbHbIi pecypc IPR
SMART : [caiit]. — URL.: https://www.iprbookshop.ru/97572.html

2. Crykonos, C. B. [TapannensHoe nporpammupoBanue. [IpakTukym :
yuebHoe nocobue / C. B. Crykono. — Kemeposo : KemI'V, 2020. —
273 ¢. — ISBN 978-5-8353-2723-2. — Tekcr : aneKTpoHHbIN // JIaHb :
ANEKTPOHHO-0MOmMoTeyHas cuctema. — URL:
https://e.lanbook.com/book/173547

3. babenko, JI. K. IlapamnenpHbie anropuTMbl s pelUICHUS 3a7ad
3amuTel nHGopmanmu / badenko JI. K. , Mmrykosa E. A. , Cugopos U.
H. - 2-e u3a. , crepeotun. - Mocksa : l'opsuas nunus - Tenexowm,
2014. - 304 c. - ISBN 978-5-9912-0439-2. - TekcT : 2neKTpOHHBIHN //
ObC  "Koncymprant  crynmenra" @ [caiit]. - URL
https://www.studentlibrary.ru/book/ISBN9785991204392.html

yueOHO-MeToAuYeCcKas

1. bynaeB A. A.Metoauueckie peKOMEHAlUU JJIsi CEMUHAPCKUX
(MpakTHUECKUX) 3aHATUH, TAOOPATOPHOTO MPAKTUKYMa M CAMOCTOSITEIIbHOM
pabotsl «llapamienbHoe IporpaMMUpPOBaHUE» Ul CTYACHTOB HAIIPaBICHUN
09.03.02 «MH(popMaIMOHHBIE CUCTEMBI i TEXHOJIOTUNY (OakanaBpuar),
11.03.02 «MIH(pOKOMMYHUKAITMOHHBIE TEXHOJIOTUN U CUCTEMBI»
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(6akamaBpuar) / A. A. bynaeB; YalI'Y, ®DMUNuAT. - 2019. - 3ari. ¢ skpaHa;
HeonyGnnkoBanHbIN pecype. - DIeKTpoH. TeKcToBblie qaH. (1 daiin : 473
Kb). — URL: http:/lib.ulsu.ru/MegaPro/Download/MObject/9126

CoriacoBaHo: 73 ()
Cnermanuct Benymmit HB YAV Bo6posa H.A. [ /?[ Y / / 2023
JLOIKHOCTD COTPYIHHMKA Hay4YHOH OHOIHOTEeKH DUO Toamucs/ Jata

0) IIporpamMHoOe o0ecnieueHune

Microsoft Word

Web-cepsep Apache, PHP, CYBJI MySQL (open source).
3. OpenServer (open source).

N

4. XAMPP (open source).

B) IIpodeccnonanbHbie 0a3bl JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBbI:

1. D1eKTPOHHO-0UOJINOTEYHbIE CHCTEMBI:

1.1. ludposoit oOpa3oBarenpHblil pecypc [PRsmart : sanekTpoHHO-0HOIMOTEUHAS
cucrema : caiit / OOO Kommanus «Ai Ilu Ap Memua». - Caparos, [2023]. — URL:
http://www.iprbookshop.ru. — Pexxum mocryma: uist 3aperucTpyp. MOoab30BaTeei. - Teker
: DJIEKTPOHHBIM.

1.2. O6pasoBarenbuas miathopma IOPAMT : o6pasoBarenbHBbI  pecypc,
SNEeKTpOHHasT 6ubnnoTeka : caiit / OO0 DmekrponHOoe m3martenscTBo «IOPAWUT». —
Mocksa, [2023]. - URL: https://urait.ru. — Pexum mocryma: Juis 3aperucTpHp.
MOJIb30BaTelNel. - TEeKCT : ANEKTPOHHBIN.

1.3. basza panHbBIX «DnekTpoHHas OubmuoTexka TtexHuueckoro BVY3a (OBC
«KoHCynpTaHT CTyIeHTa») : DSJIEeKTpOHHO-OMOIMoTeuHass cucrtema : cabdt / OOO
«[Tomurexpecypc». — Mocksa, [2023]. — URL: https://www.studentlibrary.ru/cgi-
bin/mb4x. — Pexxum poctyma: it 3aperucTpup. Mojab30Bareneid. — TeKCT : SIeKTPOHHBIIA.

1.4. KoHcynbTaHT Bpaya. DNEeKTpOHHAs MEAUIIMHCKAs OubinoTeka : 0aza JaHHBIX !
caiit / OOO «Bpicuias mIKOJIa OpraHU3alUMU ¥ YIOpPaBIEHUS 3APaBOOXpPaHEHUEM-
KoMmIutekcHbIi ~ MEAMUIMHCKHM  KOHcanTuHr». —  Mocksa, [2023]. - URL:
https://www.rosmedlib.ru. — Pexum moctymna: 1yisi 3aperucTpup. mnojib3oBareineit. — TeKcT :
3JIEKTPOHHBIM.

1.5. Bonbinas MeauuuHCKas OMOIMOTEKA @ AIEKTPOHHO-OUONIMOTEYHas cUCTEMA :
caidt / OO0 «bykan». — Tomck, [2023]. — URL: https://www.books-up.ru/ru/library/ . —
Pexxum foctyna: uid 3aperucTpup. nojib3oBareneil. — TeKcT : 3JeKTPOHHBIH.

1.6. OBC Jlans : anekrpoHHO-0MOMMOTEYHast cuctema : caldT / OO0 OBC «Jlanby.
— Cankr-IlerepOypr, [2023]. — URL: https://e.lanbook.com. — Pexxum moctyma: mis
3aperucTpup. Mojib3oBaTeneil. — TeKCT : ANEeKTPOHHBIH.

1.7. 3BC Znanium.com : sneKTpoHHO-OMOIHOTeuHas cucrema : caiitr / OO0
«3Hanuym». - Mocksa, [2023]. - URL: http://znanium.com . — Peskum goctyna : ist
3aperucTpup. Nojb3oBatesel. - TeKCT : 3eKTPOHHBIM.

2. KoncyawsrantIliaioc [D1eKTpoHHBIN pecypc]: clipaBo4yHas IpaBoBas cucrema. /
OO0 «KoucynbTanT [limtocy - DekTpoH. naH. - Mocksa : Koncynerantllntoc, [2023].

3. ba3bl JaHHBIX NEPHOANYECKUX U3IAHUI:

3.1. eLIBRARY.RU: nayunas snextpoHHas oubnuoteka : caiitr / OO0 «Hayunas
OnekrponHas bubmumoreka». — MockBa, [2023]. — URL: http://elibrary.ru. — Pexum

JIOCTYIIA : JJIsl aBTOPHU3. MOJIb30BaTENEH. — TEKCT : DIEKTPOHHBIN
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3.2. Dnextponnas Oubnmoreka «M3matenbckoro goma  «I'peOGeHHHKOB»
(Grebinnikon) : anekrponnas 6ubimoreka / OO0 U] «I'pedennukoB». — Mocksa, [2023].
— URL: https://id2.action-media.ru/Personal/Products. — Pesxxum noctyna : ajis aBTOpH3.
I10JIb30BaTeNed. — TEKCT : AJEKTPOHHBIM.

4. ®enepanbHas rocy/iapcTBeHHast HH(pOpMaALIUOHHASA cucremMa
«HanuonajibHasl JIeKTPOHHAs1 0MOJIMOTEKa» : SIEKTpOHHAs Oubnmoreka : caiit / @PI'BY
PI'B. — Mocksa, [2023]. — URL.: https://H30.pd. — Peskum mocTyna : i moJjib30BaTeseit

Hay4yHOU OMOIMoTeKku. — TEKCT : 37EKTPOHHBIM.

5. Poccuiickoe oOpa3oBanue : ¢enepanbHblii moptan / yupemutens OPIAY
«DOUILTO». — URL: http://www.edu.ru. — TekcT : 371eKTpOHHBIIL.

6. DuextponHasi OubauoTeyHas cucrema Yal'V : moayns «DJeKTpoHHAs
O6ubnroTeKka» ABUC Mera-[IPO / OO0 «/lata Oxcmopecc». — URL:
http:/lib.ulsu.ru/MegaPro/Web. — Pexum noctyma : i MOJIb30BaTeNied HaydHOH
6ubnroTeku. — TeKCT : AIEeKTPOHHBIH.

CornacoBaHo:

Lecerey pgincese j[/7/_ / ,/:l;/f);jc«fn /7/7 /

Y-

Jomknocts cotpyanuka YUTuT / MU0 / yaﬁnc nara

12. MATEPHUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUIIJIMHBI:

Aymatopuu Ijisl MPOBEIEHUS JICKITUH (JIEKIIMOHHBIE ayauTopuu 3 kopiryca Yal'y),
CEMUHAPCKUX 3aHATUM (JEKIMOHHBIE ayauTopun 3 kopryca Yul'V), s BBITOJHEHUS
a00paTOpPHBIX PabOT M MPaKTUKYMOB (aUCIUIeiHBIE Kiaccel 1 kopmyca Yul'Y), mis
MPOBEJICHUS] TEKYIIEro KOHTPOJs U MPOMEXKYTOYHOM aTrTecTaluuu (JEKIUOHHBIE
aynutopuu 3 kopryca Yal'y).

AyIuTOpUN YKOMIUJIEKTOBAHbI CIIELUATM3UPOBAHHON MeOebio, Y4eOHOM JOCKOM.
Aynutopuu A IpOBEACHUS JIEKUUH 000pyI0BaHBl MYJIbTUMEAUMHBIM 00OpYI0BaHUEM
JUIs  TpenocTaBiieHuss HUHQOpMalUK  OOJBIION  ayAUTOPHH. [Tomemenus  mmus
CaMOCTOSITENIbHOM pabOThl  OCHAIICHBl KOMIIBIOTEPHON TEXHHKON € BO3MOKHOCTHIO
noakimoueHuss kK ceru «MHTepHer» U oOecnedeHHeM JOCTyna K DJIEKTPOHHOMN
nH(pOMallMOHHO-00pa30BaTeNIbHON  cpele,  DJIEKTPOHHO-OMOIMOTEYHON  CUCTEME.
[lepeuenr oOOpyaOBaHUS, HCIOJB3YEMOTO B Y4E€OHOM TMIpoOIlecCe, YKa3bIBaeTcs B
COOTBETCTBUU CO CBEICHUSIMU 0 MarepHaJbHO-TEXHHMYECKOM OOECIeueHUu U
OCHAIIEHHOCTH 00pa30BaTEeIBHOrO MpOliecca, pa3MElIeHHbIMU Ha O(UIMATBHOM caiiTe
Ynal'V B paznene «CBenenust 00 oOpa3zoBaTenbHOM OpraHU3alum.

13. CIHEIMAJIBHBIE VYCJOBHUA [JIsd OBYYAIOIIUXCA C

OI'PAHUYEHHBIMHU BO3MOKHOCTSAMMU 310POBbs

B cnydae HeoOxommmocTH, OOydaromMMCs M3 4YMcia JIUI C OTPaHUYEHHBIMU
BO3MO’KHOCTSIMH 3/I0POBbSI (110 3as1BJICHUIO 00YYarOLIErocsl) MOTYT MpeaiaraThCsi OJHU U3
CIIEAYIOIIMX BapUAaHTOB BOCHPUATUS HHPOPMALUMM C Y4ETOM HX HWHAWBUIYAIbHBIX
HNCUXO(U3NUECKUX OCOOEHHOCTEM!:

— JUIs JMIl C HapylEeHUsIMH 3peHus: B (opMe 3JIEKTPOHHOTO JIOKYMEHTA;
WHAUBUIYAIIbHBIE  KOHCYIbTAllMM  C  TPHUBICUYEHHUEM  TUDIOCYPJIOTEPEBOTUHKA;
WH/IMBUTyallbHbIE 3aJIJaHUSI U KOHCYJIbTALIUY;

— 7S ML ¢ HapyIIEHUSIMHU CllyXa: B Ie4aTHOW Qopme; B Gopme dIEKTPOHHOTO
JOKYMEHTA; HWHJIUBUAYaJbHbIE KOHCYJIbTAllMM C TPUBJICUECHHEM CYpPJIOTNEPEBOTUHKA;
WH/IMBUTyallbHbIE 3aJJaHUSI U KOHCYJIbTALIUY;

— JUTSL TUI] C HApYIICHUSIMU OTIOPHO-/IBUTATENILHOTO arlliapaTta: B eyaTHOH ¢opme; B
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(opme 3IEKTPOHHOTO JJOKYMEHTA; MHUBUAYaJIbHbIC 3aaHUsI U KOHCYJIbTAIIH.

B cmydsae  HEOOXOOMMOCTHM  HCIOJB30BaHMA B y4yeOHOM  Ipolecce
YaCTUYHO/UCKIIIOYUTEIHHO TUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHA, OpraHu3aus
padoter IIIIC c¢ oOyuatommmucs ¢ OB3 uw wWHBamMAaMu NpeoycCMAaTPUBACTCS B
AJIEKTPOHHOW HMH(OPMaLMOHHO-00pa30BaTENbHOM Cpeie ¢ y4eTOM MX MHAWBHIyaJIbHBIX
MICUXO(HU3NIECKUX OCOOCHHOCTEH.

o
-~
Pa3pabotunk W noueHt kadenpel TTC bynaeB A.A.
on b

% JIOJDKHOCTD dUO
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11. YYEBHO-METOJANYECKOE 1 WTHO®OPMALIMOHHOE OBECIIEYEHUE
JUCHUIINHDBI

B) IIpodeccuonasibHbie 0a3bl JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBI:

1.1. Hudporoii obpazoBarenbHbiii pecypc IPRsmart : snexTpoHHO-0MOImoTeyHas cucrema :
caiit /OO0 Komnanwus «Ai [Tu Ap Menuay. - Capatos, [2024]. — URL:
http://lwww.iprbookshop.ru. — Pexxuim noctyna: uist 3aperucTpup. mojb3oBareiei. - Tekcr :
JJIEK-

TPOHHBIM.

1.2. O6pasosatenbHas miatdopma FOPANT : 06pa3oBaTenbHbIi pecype, SMeKTPOHHAs OHO-
nuoTeka : caiit / 000 DnekrponHoe u3gatensctBo FOPAUT. — Mocksa, [2024]. - URL:
https://urait.ru. — Pesxum moctyma: ajst 3aperucTpup. moJib3oBaresei. - TeKCT : 2JIeKTPOHHBIN.
1.3. baza gansbix «2nekTpoHHas Oudnnoreka Texuuueckoro BY3a (ObC «KoHncynbTaHT cTy-
JIEHTay) : AIEKTPOHHO-0nbnmoreyHas cucrema : caiir / OOO Ilonutexpecypc. — Mocksa, [2024].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pesxxum moctyma: ajist 3aperucTpyp. MoJIb-
30Batesield. — TeKCT : AIIEeKTPOHHBII.

1.4. KoHcynbTaHT Bpada. DIEKTpOHHAS MEIUITMHCKas OnOnmroTeka : 6a3a JaHHBIX © CalT /
OOOBBsIcHIas MKoJa OpraHUu3alyy U YIIPaBICHHS 31paBOOXpaHeHEM -KOMIUIEKCHBIN MeTUIIH-
CKuit KoHcanTUHT. — MockBa, [2024]. — URL: https://www.rosmedlib.ru. — Pesxum mocryma: s
3apEerucTpUp. MoJib3oBaresend. — TeKCT : ANEeKTPOHHBIN.

1.5. bonburas MmeauIuHCKass OMOIMOTEKA : DIEKTPOHHO-O0ubIMoTeuHas cucrema : caiit / OO0
bykan. —Tomck, [2024]. — URL.: https://www.books-up.ru/ru/library/ . — Pexxum moctyma: st 3a-
perucTpup. nojab3zoBateneil. — TEeKCT : 3JIeKTPOHHBIMN.

1.6. OBC Jlans : anekTpoHHO-O0MOMMOTEeYHas cucTema : cait / OO0 OBC Jlanb. — CaHKT-
IetepOypr,[2024]. — URL.: https://e.lanbook.com. — Pexxum gocTyma: 11 3aperucTpup. MOJIb30-
Bateneil. — TeKCT : 3MeKTPOHHBIM.

1.7. OBC Znanium.com : 3JIEeKTpOHHO-0nOMMoTeuHas cuctema : caidt / OOO 3HaHUyM. -
Mockasa, [2024]. - URL.: http://znanium.com . — PeskxuM J0CTyma : [J1s1 3apETHCTPHP. MMOJIb30BaTe-
JIer. - TeKCT : ANeKTPOHHBIN.

2. KoncynwrantlImtoc [ DnekTpoHHBIN pecypc]: cipaBouHas mpaBoBas cuctema. /000
«Koncynprant Imrocy - DiektpoH. aaH. - Mocksa : Koncynerantllmtoc, [2024].

3. eLIBRARY.RU: nHayunas snekrponHas oubmmoreka : cait / OO0 «Hayunas DaekTpoH-

Has bubaroreka». — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexxum poctyna : Uit aBTOpH3.
oJb30Barened. — TeKCT : 3JeKTPOHHBIN

4. ®epnepanbHas rocyaapcTBeHHas HHpopMalmoHHas cuctema «HamronanbHast 31ex-

TpOHHas1 OMOIMOTEKAy : ANIeKTpoHHas Oubnuoreka : caiit / ®I'BY PI'b. — Mocksa, [2024]. —
URL: https://u36.pd. — Pexxum noctyna : 11st moap3oBaTeneil HaydHoH 6ubianoTeku. — Teker :
3JIEKTPOHHBIM.

5. Poccuiickoe oOpazoBanue : penepanbubiii noprain / yupenutenb OI'AY «DULTO». —

URL.: http://www.edu.ru. — TeKcT : 3JIeKTPOHHBIIA.

6. DnexTpoHHas 6ubnuoreynas cuctema Yil'yY : Mmoaynb «DneKTpoHHast OMOINOTeKa

ABUC Mera-ITPO / OO0 «/lara Dxcnpeccy. — URL: http://lib.ulsu.ru/MegaPro/

CoraacoBaHo:
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