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1. HaumeHnoBanue AUCHHUIIIINHBI

«Texnonoruu napamieabHOTO MPOrPaMMUPOBAHUSD.

2. IlepeyeHb MIAHMPYEMBIX Pe3yJbTATOB OCBOCHHUSI 00pa30BaTe/JbHONH NMPOrpaMMbl

(mepeyeHb KOMIETEeHIHUil) ¢

YKazaHueM HUHIAHUKATOPOB HX JOCTHKCHHUA H

IVIAHUPYEMBIX PE3YyJIbTaTOB Oﬁy‘lEHl/Iﬂ o AMCIMIIJINHE

Kon HaumenoBanue HNupuxatopsl Pe3yabrarbl 00yueHusi (yMeHHs U
KoMIIeTe KOMIIETeHIIUH AOCTHKEHUS 3HaHH), COOTHECEHHBbIE ¢
HUIMH KOMIIeTeH U HHIMKATOPAMH J0CTHKECHUS
KOMIIETCHIHH
OIl «IIpukjgagnas uHpOpMaTHKA)»
[IKII-3 CnocobHocts  npu- | 1. JleMoHCTpupyeT 3HaHue | 3HATHL NPUHLUIBI OpraHU3alUU U
MEHSTh METOABI pa3- | Ha3HaueHUs: M (QYHKIMO- | (GYHKIMOHHPOBAHHS  KOPHOPATHBHBIX
pabOTKM  MpPUJIOXKE- | HAJl TUIOBBIX  MOJIYyJeH | MHPOPMAIIMOHHBIX CUCTEM C YUYETOM Ia-

HUll B cdepe 3KOHO-
MUKHU U (PUHAHCOB HA
mwiarpopme  Koprio-
paTuBHBIX HH(pOpMa-
IIUOHHBIX CUCTEM

KOpIIOpaTUBHBIX  MH(DOP-
MalMOHHBIX CHUCTEM, OC-
HOBHBIE METOABI pa3pa-
OOTKHM MPUIIOKEHUHN Ha HX
iatgopme

paJIeNbHBIX BBIYUCIICHUN, OCHOBHBIE
METO/1bl Pa3pabOTKU NPUIIOKEHUH Ha UX
mwiargopmMe ¢ MPUMEHEHHUEM TEXHOJIO-
Ml NapajIeIbHOTO I[POrpaMMHUpOBa-
HUS ¥ PacIpele]ICHHbIX BBIUNCIICHUM;
YMeTb NPUMEHATH COBPEMEHHBIE Me-
TOJbI pa3pabOTKU MPUIIOKEHUH Ha oc-
HOBE THUIIOBBIX MOJYyJIe KOpPIOpaTHB-
HBIX WH(POPMALMOHHBIX CHUCTEM C HC-
M0JIb30BaHUEM TEXHOJIOTMH Mapaiesb-
HOT'O NPOrpaMMUPOBAHMSI U paclpene-
JICHHBIX BBIYHCIIEHUI

2. Brnageer meromosioruei
pa3paboTKH MPUIOKEHHUN B
chepe dKOHOMUKH U (u-
HAaHCOB Ha IUardopme
KOPHOPaTUBHBIX  MH()Op-
MAaIMOHHBIX CUCTEM

3HAThL NPUHLUNBI [TOCTPOEHUS APXH-
TEKTYpPBbI IPOrPaMMHOTO 00eCTIeYeHUS C
YUeTOM TMapaIeJbHBIX BBIYMCICHUH B
cdepe 3KOHOMUKHU U (PMHAHCOB Ha IJIaT-
(opme KOpPIOpaTUBHBIX UH(POPMAITUOH-
HBIX CUCTEM; CTaHJApThl pacnapauieu-
BaHMs MPOTPaMM B CHUCTEMax ¢ oOmiei
NaMsTBIO U IIepeladk COOOIEHHH B CHU-
CTeMax C pacIpelesieHHON NaMAThIO,
JMPEKTUBBL, (YHKUIUH, TIE€PEMEHHBIC
cpenpl; cpeacta pazpadorku s GPU;
METO/bl U CPEICTBA MPOEKTUPOBAHUS
MIPOrpaMMHOT0 00ecrieueHus 1Jis BbICO-
KOIPOU3BOJMUTENIBHBIX M I'€TEePOreHHBIX
CHCTEM

YMeTh NPUMEHATh COBPEMEHHBIE MOJI-
XOZbl ¥ METOJOJIOTMM M3 00JacTu ma-
paJUIETbHBIX BBIYHCICHUN W MPOTPaM-
MUpPOBaHMs IpU pa3paboTKe Ha IUIaT-
(hopMe KOpropaTuBHbBIX HH(GOPMAIMOH-




HBIX CHUCTEM TMPHUIIOKEHUN B chepe 2Ko-
HOMHUKUA U (UHAHCOB; HCIOIH30BAThH
TEXHOJIOTHH W CYIISCTBYIOIIUE THIIO-
BbIE peIICHHUS s MPOSKTUPOBAHUS
MIPOTPAMMHOTO OOECIEYCHUSI C yIEeTOM
MapajuleNbHBIX  BBIYMCICHUHM, Takue,
kak OpenMP mns cucrtem c¢ oOmei
naMmsa- Tho, MPI gma cucrem ¢
pacnpeneieH- HOM MaMSTBIO,
PyOpenCl, PyOpenCuda

JUTSL pacriapajuieTMBaHus IPOIECCOB Ha
GPU

IIKTI-5

Croco6HOCTb

NpU- MEHSTh
TEXHOJIOTHH
pa3paboTKu
HACTOJIbHBIX, MO-
OWIBHBIX W Wweb-
MPUIIOKEHUN B
chepe IKOHOMUKU H
(uHaHCOB

1. JlemoHCTpUpYyeT 3HaHUE
TEXHOJIOTHH  pa3paboTKu
HACTOJIbHBIX, MOOMJIBHBIX
1 web- npunoxeHui

3HATh TEOPETHYCCKUE OCHOBBI MpUME-
HEHUS TEXHOJOTHH MapalljieIbHOTO
MPOrpaMMHUPOBAaHUS TIPH  pa3paboTKe
HACTOJBHBIX, MOOWJIBHBIX U Web- mpu-
Jo)XeHH B cdepe SKOHOMUKH U (u-
HAHCOB

YMeTh NPUMEHATh TEOPETUICCKUE OC-
HOBBI TEXHOJIOTHH MapalljIeIbHOTO MPO-
IrpaMMHPOBaHHS  TNpuU  pa3paboTke
HACTOJBHBIX, MOOWJIBHBIX U Web- Mmpu-
JoxkeHnid B cepe SKOHOMUKH U (Pu-
HAHCOB

2. Brnaneet HaBbIKamMu pas-
pabOTKK HACTONBHBIX TPHU-
JOXKEHUH B cdepe IKOHO-
MHKHU ¥ (UHAHCOB

3HAaTh TEOpPETUYECKHE OCHOBHI MpHUMe-
HEHHUs TEXHOJIOTMH  MapajiesIbHOro
IpPOrpaMMHUpPOBAaHUs TpU pa3paboOTKe
HACTOJIbHBIX NMPUIIOKEHHH B chepe KO-
HOMUKH M (pHAHCOB

YMeThb NPUMEHATh TEOPETUYECKHUE OC-
HOBBI TEXHOJIOTUI MapaJIEIbHOIO MPo-
rpaMMHpOBaHUS ~ Ipu  pa3paboTke
HACTOJILHBIX TPUIIOKEHHH B chepe KO-
HOMUKU U (pUHAHCOB

3. Bnageet HaBbIKaMu pas-
paboTK MOOWIBHBIX TpHU-
JIOXEHUH B cdepe IKOHO-
MUKH U (PUHAHCOB

3HaTh TEOpPETHYECKHE OCHOBBI IpHUMeE-
HEHHUs TEXHOJIOTMH  mapajiesIbHOro
MIPOrpaMMHUpPOBAaHUSA TpHU pa3paboTKe
MOOMJIBHBIX MPUJIOKEHUH B cepe KO-
HOMHWKH U (PTHAHCOB

YMeTh NPUMEHATh TEOPETUUYECKHUE OC-
HOBBI TEXHOJIOTUH MapajlieIbHOrO Mpo-
IrpaMMHpOBaHUsl TpU pa3pabOTKe MoO-
OMJIPHBIX TPUIIOKEHUH B chepe IKOHO-
MUKH ¥ (PUHAHCOB




4. Brageer HaBBIKaMU pas-
pabotku web- mpunoxe-
HUH B cepe SKOHOMUKHU U
¢uHaHCOB

3HATh TEOPETUYECKHUE OCHOBBI MpUMe-
HEHUS TEXHOJIOTMHA  MapaJyIeIbHOIrO
IPOrpaMMHPOBAaHUS TpH  pa3paboTke
web- npuinoxeHuit B cepe SIKOHOMUKH
1 GUHAHCOB

YMeThb TPUMEHSTh TEOPETUYECKHE OC-
HOBBI TEXHOJIOTHH MapalieIbHOTO Mpo-
IrpaMMHUpPOBaHUS TIpHU pa3paboTke web-
NpUIOKEeHUH B cdepe SKOHOMHUKH H
(huHaHCOB

OIl «nxkenepus nanubix», OII «IIpukiaagnsie nHGpop™M

bunancax»

AIIMOHHBIC CUCTEMbI B JKOHOMHUKE U

[1KH-3

CriocobHOCTh POECK-
TUPOBATh U Peam30-
BBIBaTh APXUTEKTYPY
U JIM3aiH MporpamMm-
HOM  CHCTEMBI B
COOT- BETCTBUU C
aHaJM- 30M 3a/1a44 U
TpeOO- BaHMI K HEH

1. JleMmoHCTpUpyeT 3HaAHUE
OCHOBHBIX aJTOPUTMOB H
CTPYKTYp JIlaHHBIX, WHC-
MOJIb3yeT Ha MPaKTUKE
MPOCThIE CTPYKTYpPHI JlaH-
HBIX, OIICHHBAET CJOXK-
HOCTh QJITOPUTMOB

3HATBL COBPEMEHHBIE NOJXO/bl, TEXHO-
JIOTHH U CPEJICTBA pa3pabOTKH i pea-
JU3alKA AITOPUTMOB U CTPYKTYp JaH-
HbIX METOJaMHu NapajyieIbHOr0 IIpo-
IrpaMMHUpPOBaHUS

YMeTb NPUMEHATH COBPEMEHHBIE IOJ-
XOJIbl, TEXHOJIOTMH U CpEICTBA paspa-
0O0TKU UIsl peanu3aliy aJlrOPUTMOB U
CTPYKTYp [JaHHBIX METOJaMM Iapaj-
JIIBHOTO MPOTPaMMHUPOBAHUS

2. Cobwupaer, Qopmyu-
pyeT, cucTeMaTusupyer u
aHalM3upyer  (pyHKIHMO-
HaJIbHBIE M HE(QYHKIHO-
HaJlbHbIE TpeOOBaHUS K
WH- hopmarmoHHOH
CUCTEME, BbIOMpaeT
apXUTEKTYpHbIE pPELICHUs
Ha UX OCHOBE

3HaTh TPUHIWIBI OPraHU3ANHHA U
(GbyHKIIMOHATbHBIE U HE(YHKIUOHAIb-
Hble TpeOOBaHUS K MH(YOPMALMOHHBIM
CUCTEMaM C YYETOM MapaiieNbHbIX BbI-
YHUCIICHUH, TIPUHIIATIBI BBIOOpA
apXUTeK- TYpHBIx pEHIeHHH Ha UuX
OCHOBE C MPHU- MEHEHHUEM TEXHOJIOTUI
napajuieIbHOTO TPOrpaMMUPOBAaHUS U
pacrpeieNleHHbIX BBIYMCIICHUH;

YMerb cobupats, GopMyIHpoBaTh, CU-
CTEeMaTH3UpOBaTh M  aHAJIU3UPOBATH
(byHKIIMOHATbHBIE U HE(YHKIMOHAIb-
Hble TpeOOBaHUS K MH(YOPMAILMOHHBIM
CHUCTEMaM C YYETOM MapaieNbHBIX BbI-
YHUCIICHUH, BBIOMPATh APXUTEKTYPHBIC
pellieHusl Ha UX OCHOBE C UCMOJIb30Ba-
HUEM TEXHOJIOTUW MapajuieIbHOTO Mpo-
TPaMMHUPOBAaHUA W  pacIpelelIeHHbIX

BBIYMCIICHUN




3. Co3nmaer 0OBEKTHO-OpH-
C€HTUPOBAHHBIA KOJ, WH-
KaIlCyJIUPYIOIINN yCIOBHS
3aJauM, TPOU3BOJAUT Jie-
KOMIIO3UIMIO  3aJa4u |
MPOEKTUPYET CHCTEMY B
npenenax OJHOW  IUIaT-
(hOpMBI U TEXHOJIOTUHU

3HATbL TPUHIUIBI CO3JaHHSI OOBEKTHO-
OpPUECHTUPOBAHHOTO KOJIa C y4eTOM Ia-
paJIENbHBIX BBIYUCICHUH, JEKOMIIO3U-
UK 33Jla4d W TIPOCKTHUPOBAHUS CH-
CTeMBbI B MpejeniaX OJHOU MIaTdOpMBI
WJIA TEXHOJIOTHH; CTAaHIAPThI pacrapall-
JIeNIMBaHUS POTPAMM B CUCTEMaX C 00-
el maMsAThIO U TIepeaadn cooOImeHui
B CHCTEMax C paclpeaeleHHOW mams-
TBIO, JIUPCKTHUBBI, (YHKIMH, TIEpEeMEH-
HBbIE CPEJlbl; CPeACTBA Pa3pabOTKHU s
GPU; meroasl u cpeactBa mpoOeKTHPO-
BaHUSl TPOTPAMMHOTO  OOECIeYCHHUS
JUISS  BBICOKOIIPOM3BOJTUTEIBHBIX U
reTepo- TeHHBIX CUCTEM

YMeTh NMPUMEHSTh COBPEMEHHBIC TIO/I-
XOJbl U METOJOJIOTMH M3 O0JacTH TMa-
paJUICIBHBIX BBIYUCICHHA W TPOTpaM-
MUpPOBaHMS NpU pa3paboTke 0OBEKTHO-
OPUCHTUPOBAHHOTO KO, JIEKOMITO3H-
MU 3aJa4dl W TIPOCKTUPOBAHUS CH-
CTeMBI B TMpejesiaX OJHOHN IIaT(OPMBI
WM TEXHOJIOTUHU; UCTIOIh30BaTh TEXHO-
JIOTUM W CYIIECTBYIOIIAE THUIIOBBIE pe-
IIeHUsT IS TPOEKTUPOBAHUSA TIPO-
TPaMMHOTO OOECIIeYEeHHUsI C YIETOM Iia-
paJIENbHBIX BBIYUCICHUM, TaKue, Kak
OpenMP nnst cuctem ¢ oOmiel mamsi-
10, MPI 111 cucreM ¢ pacnpenesnen-
Hoit mamsTeio, PyOpenCl, PyOpenCuda
JUIs pacrapajleMBaHus MPOLECCOB Ha
GPU

3. MecTo AUCHUIIMHBI B CTPYKTYpe 00pa3oBaTe/ibHbIX IPOrpaMm

JucuunimHa

«TexHonoruu

HapasuIeIbHOTO

NporpaMMHUpOBaHUA»  SABJIACTCA

mucrutuinHon [{ukma npoduns (3mekTuBHBIN) 10 HampaieHuto moarotoBku 09.03.03 -

[IpuxnagHas
uH(pOpPMaTHKaY,

dbuHaHCax».

uH(popmaTHKa,

OIl «HMuxenepus

nanubix», OIl  «IIpuxknagHas

OIl «IIpuknagHple HHPOPMALMOHHBIE CHUCTEMBI B D3KOHOMHKE M



4. O0beM JUCUMILIIMHBI (MOXYJIsI) B 32a4€THBHIX €IUHUIAX U B AKA/IleMUYECKHUX Yacax ¢

Bbl/IeJICHUEM 00beMa ayJAUTOPHOM (JIEKIUH, CECMHUHAPBI) H CAMOCTOATEIbHON PadoThI

00y4Jarouuxcs

OIl «IIpukaannas uapopmaruka» / OIl «Mu:kenepust ranubix», OIl «IIpuknagnsie
HH(pOpMALMOHHBIE CHCTEMbI B JKOHOMHUKeE U (UHAHCAX)

Ounast popma oOydeHus

Buj yue6Hoii padoTsl 1o Bcero Cemectp 7/ 6
JAMCUMILIUHE (B 3/e m yacax) (B yacax)
O0mas Tpy10éMKOCTb

Has TpyA 3/108 108
JAUCHHUIIHHBI
Konmaxkmmnuasa paboma -

” 50 50
Ayoumopnbwie 3anamus
Jlexyuu 16 16
Cemunapbl, npakmuyeckue 3aHamus 34 34
Camocmosamenvuas paboma 58 58
KonTposnpHas KonTtponsHas
Bun Texyuiero KoHTposs
pabota pabora

Bun mpoMexyTodHoil arTecTanun 9K3aMEH / 3a4eT 9K3aMeH / 3a4eT

OIl «Ilpukaagnas uagopmatuxka» / OlIl «IIpukiaaanbie nHPOPMALMOHHbIE CHCTEMBI B
JKOHOMHKeE U PUHAHCAX)»

OYHO-3a04Has (hopmMa 00yUeHUS

Bup yueOHoii padoThI o Bcero CemecTp 8/7
JTUCHUILIMHE (B 3/e 1 yacax) (B yacax)
O0uas Tpy10éMKOCTb
Az TpyA 3/108 108
AUCHUIIHHBI
Konmaxkmmnuasa paboma -
P 34 34
Ayoumopnwie 3anamus
Jlexyuu 16 16
Cemunapyl, npakmuyeckue 3aHAmMus 18 18
Camocmosamenvnasa paooma 74 74
B KontposnbHast Konrponbsnas
U] TEKYLIEr0 KOHTPOJIS
pabora pabora
Bun mpoMexyTouHOil arTecTanun 9K3aMEH / 3a4eT 9K3aMeH / 3a4eT




OII «IIpukaagHbie HHPOPMALMOHHBIC CHCTEMbI B JKOHOMHUKE M (PMHAHCAX»

WNHucTuTyT OHNANH-00pa3oBaHus, 3a09Hast (popma oOydIeHus

Bua y4eOHoii padoThI O Bcero Cemectp 8
JAMCUMILIHHE (B 3/e n yacax) (B yacax)
O0mas Tpy10éMKOCTb
py 3/108 108
JAUCHUIIHHBI
Konmaxmmnasn paooma -
” 12 12
Ayoumopnble 3anamus
Jlekyuu 4 4
Cemunapwi, npaxmudeckue 3aHsAmus 8 8
Camocmosamenvuas paboma 96 96
KontponbHas
Bun tekymero KOHTpois P Kontponbnas
pabora pabota
Bun npomexxyTouHOI aTTecTanuu 3a4er 3a4er

5. Copnpep:kanve JUCUMILUIMHBI, CTPYKTYPHUPOBaHHOe 1O TeMaM (pas3aesiam)
AUCHHUILIMHBI C YKAa3aHHEM X 00beMOB (B aKa/leMHYeCKHX 4acax) M BUIOB y4eOHbIX
3aHATHHI

5.1. Conep:kanue JTUCUMILTHHBI

Pa3nen 1. BBenenue B «TexHoJ10ruu napajuieibHOro NpOrpaMMHPOBAHUSD).

Uctopust pazsButusa napaiuienusma B apxurekrype OBM. Konseitepnas oOpaboTka
JTAHHBIX U KOMaH]l. MHOro(yHKIIMOHaIbHAs 00pa0oTKa nepudepuitHbIMU MPOIECCOPaMHU.
Bekropnas oOpabotka. CynepkommnbioTepsl. Kiaccudukanusi BEIYUCTUTENBHBIX CUCTEM
®nuHHA. BeraMcauTenbHble CUCTEMBI ¢ 00IIed M ¢ pacrhpeaesieHHON mamsaThio. O030p
3a1a4, TpeOYyIOIMX CYyNepKOMIbIOTepoB. TexHonoruu mnapauienusma. Mepapxuyeckas
OpraHu3anysi namsTH B KommbioTepe. JlokalbHOCTH 1O OOpalieHuio. AHanu3 3aJadu
YMHOKEHHSI MATPULI.

Paznen 2. OcuoBsl OpenMP.

Oco0OeHHOCTH MpPOTrpaMMUPOBAHUS Ui CHCTeM C oOuied mnamarbio. [lonHsTue
mpoiiecca, MOTOKa W MHOronotoyHocTu. TexHosmorusi OpenMP, ee ocoOeHHOCTH U
KOMIIOHEHThl. OCHOBHBIE CBeA€HMsS O crHenudukanusx Habopa cranpapra OpenMP.
JIMpeKTUBbI apaJlJIEIbHOTO NPOrpaMMHUpPOBaHua. Moenn maMsITH U KJIacChl IEPEMEHHBIX
B OpenMp. Pexumbl BBIIOJHEHUS MHOTOIMOTOYHBIX HporpamMm.  BiioxeHHBIH

napaJuiCiin3m.



Paspnes 3. JlupekTUBBI pacnpeaejieHus U CMHXpoHu3auuu padorsl OpenMP.

PacnapayienuBanue BBINOIHEHMs] LUKIOB. PacnpeneneHue paOoTbl Ha OCHOBE
HE3aBUCHUMBIX 3a1a4. CHHXPOHM3alMs BBINOJHEHMS Pa3IMYHbIX MOTOKOB. Pacnipenenenue
OIIEpaTOpPOB OJIHOTO CTPYKTYpPHOro Ojoka Mexay HHUTAMU. KommpoBaHHe 3HaYEHU

ITPUBATHBIX IICPEMCHHBIX.

Pasznen 4. OCHOBBI BEKTOPU3ALMH UCIOJHAEMOr0 Kogxa B OpenMP.
[Tpo6nembr BekTopu3anuu. CrocoObl BeKTOpH3aluu. JUpeKTHBBI sl pabOTHI ¢

napauiesiu3MoM o JaHHBIM (BekTopuzaius) B OpenMP 4.0.

Pazgen S. TexHooruu napasiieJibHOro NPpOrpaMMHUPOBAHUA JJIA IPaPUIECKUX
npoueccopon (GPU).

Bo3MoxkHBIE TperMyIIecTBa BBIYMCICHUNM Ha rpaduyueckoM IMpoleccope. 3aaaya
KOMITBIOTEPHON  BU3yaJIM3allUd TPEXMEPHBIX CIeH. ApXuTeKkTypa rpadudecKoro
nporeccopa (GPU). CpeactBa pazpabotku s rpaduueckoro mpoieccopa. Python B
padore ¢ GPU. OcHOBBl HEOJHOPOJHBIX (T€TEPOrE€HHBIX) BBIYHCICHUN. YPOBHU
napamuienbHocTu B apxutrekrype GPU. I'ereporennoe nporpammupoBanue Ha PyOpenCL.

[Toctpoenue npunoxennit mpu nomoiu PyOpenCL u PyCUDA.

Pa3nesn 6. OcHoBbl TexHosiornu MPL

OcoOeHHOCTH TPOTrpaMMHMPOBAHUSL JJISI CHUCTEM C paclpeelIeHHON MaMAThIO.
Texnonoruss MPI. OcnoBet MPI na Python. CuHXpoHHBIE ¥ aCHHXPOHHBIE MPUMUTUBBI
B3auMozencTeusa.  Onepauumu  TUma  TOYKa-Toyka.  Omnepanuu  KOJUIEKTUBHOTO
B3auMojieicTBUs. [lapasienbHblil aTOPUTM YMHOXKEHUS MAaTpUIlbl HA BekTop. Onepanuu
COYETaHUSl MNapaJUICIbHBIX PE3YJIbTATOB BbIUKMCICHUN. [IpUMUTUBBI CHHXpOHHU3AIUU
Mexay TmpoueccamMu. 3akoH Awmpjana. OLEHKM NOPEeAeabHO BO3MOXHOIO YCKOPEHHUS

INnapaJuiCJIbHbIX aJITOPUTMOB.



5.2. YuyeOHO-TEeMaTHYECCKUN TIVIAH

OIl «Mnxenepus JauHbix», OII «IIpukiaagnas nagpopmMaTuka,

OII «IIpuxkiaaanbie HHPOPMALMOHHBIC CHCTEMBbI B JKOHOMHUKE M (PMHAHCAX»

ouHas (popma oOydeHus

TpynoémMkocTs B yacax

KonrakTHas padora -

Ne HaunmeHnoBanue Camoct DopmMbI
AyautopHas pa6ora
i/ TeM (pa3aeJioB) OSITEeJIbH TeKyllero
Bcero Cemunapel,
1§ AUCHUTLTUHBI Ob6mas, | Jleki asi KOHTPOJIs
MIPaKTHYECK
B T.4.. umn He 3AHSITISL padora ycrneBaeMoCTH
CamocTosTeNnbHbIE
Beenenue B «Tex- paGoTsl. Yuactue B
1 HOJIOTHH Hapa- 12 4 ) ) 3 pelleHn 3a1a4d Ha
" | IenBpHOTO Iporpam- NPAKTHYECKUX 3aHsI-
MUPOBaHUD) tusix.  OOcyxieHue
PCIICHHBIX 33/1a4.
CamocTosITebHbIe
paboTEl. YdacTue B
CHICHWH 33/1a4 Ha
2. | OcrHoBs OpenMP 22 10 2 8 12 [P 8
NPaKTHYCCKUX 3aHs-
tusix.  OOcyxneHue
pEUIEHHBIX 33/1a4.
CamocTosTeNnpHbIE
JupexTuBsI pac- paboThl. YuacTie B
3 | TIPE/ICTenNs 1 CHH- 14 6 ) 4 3 pelIeHnH 3a1a4d Ha
| XpoHH3aLuK pa- NPAKTHIECKUX 3aHs-
0OTBI OpenMP tusix.  OOcyxaeHue
PEIICHHBIX 33/1a4.
aAMOCTOSATCIIbHBIC
C
OCHOBBI BEKTOPU3a- pabotsi. Yyactie B
CLICHUU 33/1a4 Ha
4. | wum ncronasiemoro | 14 6 2 4 8 P g
cona B OpenMP NPaKTHYECKHX 3aHs-
A p tusix.  OOcyxieHue
pEIICHHBIX 3a/1a4.
TeXHOJIOTHH Hapall- CaMoCTOSTEIbHbIC
JTETBHOTO TPOTPaM- paboTel. YuacTue B
CLICHUU 33/1a4 Ha
5. | MUpOBaHHUS JIS 24 12 4 8 12 P I
IMPAKTUYCCKUX 3aHsd-
rpaguueckux npo- tusx.  OOCyxIeHne
neccopos (GPU) PCIICHHBIX 33/a4.
AMOCTOSTCIIbHBIC
C
paboTel. Yuactue B
6 OCHOBBI TEXHOJIO- 2 12 4 3 10 pelIeHuH 3a1a4d Ha
" | run MPI NPAKTUYECKUX 3aHs-
tusix.  OOcyxaeHue
PEIICHHBIX 3a/1a4.
CornacHo 4ye0-
B nenom no 34
108 50 16 58 HOMY IUIaHY: KOH-
JTUCITUTUIAHE
TpoJibHAsi paboTa
Uroro B % 46 32 68 54




OII «IIpukinagHas HHGOPMATHKAY,

OII «Ilpukiaagnbie HHPOPMALMOHHbIE CUCTEMbI B JKOHOMHUKE M PUHAHCAX)

OYHO-3204Hast popMa 0OyUeHHS

TpynoémkocTs B yacax

Konrakthas pa6ora -

Ne HaumeHnoBanue Camocrt Dopmbl
AyautopHas pa6oTa
I/ TeM (pa3aesioB) 0AITEJIbH TeKylIero
Bcero CemuHapsl,
I JUCHHUILINHBI Oo6mas, | Jleki ast KOHTPOJIst
i MPaKTUYECK
B T.4.: umn e 3AHSTHS padora yCIeBaeMoCTH
CaMOCTOSITEITEHBIC
Bgenenne B «Tex- paboTsl. Yuactue B
| HOJIOTUH Hapa- 14 4 ) 2 10 peleHry 3a1ad Ha
" | IenpHOTO Imporpam- NPaKTHYIECKUX 3aHs-
MHUPOBaHUA» tisax.  OOcyxkaeHue
pEIICHHBIX 3a/1a4.
CamocTosITeTbHbIC
paboTEl. YdacTue B
CIICHWH 3a7a4 Ha
2. | OcroBs OpenMP 20 6 2 4 14 |P 8
MPAKTUYECKUX 3aHs-
tusix.  OOcyxaeHue
pENICHHBIX 3a/1a4.
CamocTosiTeTbHEIE
JMpeKTHUBEI pac- paGoTsl. Yuactue B
3 MpEETICHUs U CUH- 16 4 ) > 12 pelIcHUH 3a1a4 Ha
" | XpoHH3auK pa- MPAKTHYECKUX 3aHs-
6011 OpenMP tusix.  OOcyxmeHue
pEUIEHHBIX 3a/1a4.
CamocrosiTenbHbIE
OCHOBBI BEKTOpH3a- pabohi. YuacTie B
CIICHUM 3a/1a4 Ha
4. | UMM UCIIOIIHAEMOIO 16 4 2 2 12 P !
OpenMP MPaKTUYECKUX 3aHs-
KoAa B Upe tisax.  OOcyxkaeHue
pEIICHHBIX 3a/1a4.
TeXHOJIOTHH TIapaJl- CamocTosITeTIbHbIC
NTeTBHOTO TIPOTPaM- paboTel. Yuacthe B
CIICHWH 3a7a4 Ha
5. | MUpOBaHHS IS 22 8 4 4 14 P !
MPaKTUYECKUX 3aHs-
rpaguecKux npo- tusix.  O6CyxIaeHue
ueccopos (GPU) PEIIEHHBIX 3a/1aY.
CamocTosITeTbHBIC
paboTHl. YdacTue B
6 OCHOBBI TEXHOJIO- 20 ] 4 4 12 pelleHny 3a1a4 Ha
" | rum MPI NPaKTUYECKUX 3aHs-
tusix.  OOcyxieHue
pELIEHHBIX 3a/1aY.
CormacHo  yue0-
B uenom no
i 108 34 16 18 74 | Homy mmaHy: KOH-
y y
JUCIHILUTIHE
TpOJIbHAs paboTa
Hroro B % 31 47 53 69
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OII «IIpuxkiaagnbie HHPOPMALMOHHBIC CHCTEMBbI B JKOHOMHUKE M (PMHAHCAX»

WNuctuTyT OHNaitH-00pa3oBanus, 3a04Has opma 00yueHHs

TpynoémkocTh B yacax

KonrakTHas padora-

No HaumeHnoBanme Camoct DopmMbl
AyauTopHas padora
I/ TeM (pa3aesioB) 0AITEIbH TeKylIero
Bcero Cemunapel,
I AUCUMILIUHBI Ob6mas, | Jleki as KOHTPOJISA
i MIPAKTHIECK
B T.4.: umn S padora yCIeBaeMOCTH
CamocTosTeNnbHbIE
Beenenne B «Tex- paboTel. Yuactue B
1 HOJIOTHUHU rnapai- 15 1 1 0 14 pelIeHnH 3a1a4d Ha
" | JETBHOTO TpOTpam- NPAKTHYECCKUX 3aHs-
MUPOBAHUD) tusix.  OOcyxieHue
PEIICHHBIX 3a]1a4.
CamocTosITebHbIe
paboTEl. YdacTue B
CHICHWH 33/1a4 Ha
2. | OcroBs OpenMP 20 2 1 1 18 [P 8
NPAKTHYCCKUX 3aHs-
tusix.  OOcyxneHue
pEUIEHHBIX 33/1a4.
CamocTosTeNnpHbIE
JMpekTuBbl  pac- pa0oTel. YuacTue B
3. | IPeNeNenus u CHH- 19 3 1 > 16 pelIeHnH 3a1ad Ha
" | XpoHHU3aUU pa- NPAKTUYECKUX 3aHsl-
6ot OpenMP tusix.  OOcyxaeHue
PEIICHHBIX 33/1a4.
CamocTosTebHBIE
OcCHOBBI BEKTOpHU3a- paboThi. Yuactie B
CLICHUU 33/1a4 Ha
4. | MM HUCTOIHAEMOIO 15 1 0 1 14 p a
OpenMP NPAKTHYCCKUX 3aHs-
Koma B Up tusix.  OOcyxieHue
pEIICHHBIX 3a/1a4.
TeXHOMOTHH TapaJi- CamocTosITebHbIe
JIETBHOrO TIPOrPaM- paboTel. Yuacthe B
CHICHWH 33/1a4 Ha
5. | MupoBaHus JUIS 21 3 1 2 18 P 8
NPAKTHYCCKUX 3aHs-
rpauueckux mpo- tusix.  OOcyxaeHue
neccopos (GPU) pelIeHHBIX 3a/1aY.
CamocTosITeIbHbIC
paboThel. YdacTue B
6 OCHOBBI  TEXHOJIO- 18 2 0 2 16 peleHny 3amad Ha
" | rum MPI MPAaKTUYECKUX 3aHs-
tusix.  OOcyxieHue
pPEUIEHHBIX 33/1a4.
B 1res1oM 110 CormacHo  yu4e0-
108 12 4 8 96 HOMY IUIaHy: KOH-
JTUCIUIINHE
TpoJbHas paboTa
Uroro B % 11 33 67 89
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5.3. Conep:kaHue CeMMHAPOB, NPAKTUYECKUX 3AHATHH

HaumenoBanue TeM
(pa3nesioB)
JTUCHUILIHHBI

IlepeyeHb BONIPOCOB il 00CY:KIEHHUSI HA
CeMHHAPCKHUX, NPAKTHYECKUX 3aHATHSAX,
peKoMeHyeMble MCTOYHUKHU U3 pa3aesoB 8,9
(Yxa3bIBaeTcsi pa3zeJ M NOPSIAKOBBII HOMep
HCTOYHHKA)

@opmMbl IPOBEACHUS
3aHATHH

Beenenue B «Tex-

CynepKOMITbIOTEPHI.

IIpakTukym 1o peue-

npeaciicHuds MW CHUH-
XpOHU3AUK  PaOOTHI
OpenMP

Pacripenenenrie paboThl Ha OCHOBE HE3aBHCHMBIX
3ajay.

CHHXpOHU3AIUS BHITIOTHEHUS Pa3IMYHBIX TTOTOKOB.
Pacnipenenenue omnepaTopoB OAHOTO CTPYKTYpPHOTO
0JI0Ka MEX]Ty HUTSMHU.

KonupoBanue 3HaueHNI NPUBATHBIX IEPEMEHHBIX.
Pexomenoyemvle ucmounuxu. 8. 1-4

HOJIOTUH Napaj- HUIO 3a1a4y 1o
Knaccudukanus BeraucanTensHbeix cucreM OiauHHA.
JIEJIBHOTO TIpOrpam- TEMaTUKE 3aHATUS W
TexHosnornu napanienusma.
MHUPOBaHUSD» KOJLJIEK- TUBHOE
Hepapxuueckasi opranusanys naMaTu B KOMIIbIOTEPE. .
00CyX/1eHUe peleHnit
JlokanpHOCTH 1O OOpAITICHUIO.
Juckyccus «Cymep-
AHanu3 3a7ja4 YMHOXKEHHSI MATPHIL.
komnetotepsl — TOII
Pexomenoyemvie ucmounuxu: 8. 1-4
100: ananms»
OcHoBbl OpenMP OcHoBHBIE cBeleHHA O crenudukanusx Habopa | [IpakTukym 1o perte-
crannapra OpenMP. HUIO 3a1a4 o
JupeKTuBbI NapajljielbHOTrO NPOrpPaMMHUPOBAHHUS. TEMaTUKE 3aHATUS W
Mopnenu naMaTH 1 KJ1acchl nepeMeHHbIX B OpenMp. | KoJIek- TUBHOE
PexuMBbI BBHITIOJTHEHUS! MHOTOIIOTOYHBIX MIPOrpaMM. | 0OCYX/IeHHE peleHni
BiiokeHHBII mapaiienusm. BrinosiHeHNE TECTOBBIX
Pexomenoyemvle ucmounuxu. 8. 1-4 3a1aHAN
JupexTrBbI pac- | PacnapaniennuBaHue BBITIOJTHEHHUS [TUKIIOB. [IpakTukym 1o peiie-

HHUIO 3aaad 110
TEMATUKE 3aHATHA H
KOJIJIICK- THUBHOC

00CyXIeHUE PeIICHUI
BrimmonnHeHue TeCTOBBIX
3aJaHuN

copos (GPU)

I'ereporennoe nporpammupoBanue Ha PyOpenCL.
[loctpoenue npunoxxenuii npu nomouu PyOpenCL u

OcHOBBI  BEKTOpH3a- [IpakTukym 10 pere-
OMA  UcnojHsgeMoro | JMpeKkTuBsl st pabOThl C MapauieTu3MOM 10 HUIO 3a1a4 1o
koja B OpenMP naHHbIM (BekTopuzanus) B OpenMP 4.0. TEMaTUKE 3aHATUS W
Pexomenoyemvle ucmounuku. 8. 1-4 KOJIJICK- TUBHOE
o0cyxaeHue
peleHni
TexHonornu  mapan- | Python B pabote ¢ GPU. [MpakTukym 1o perie-
JaenbHOro  mporpaM- | OCHOBBI ~ HEOJHOPOAHBIX  (T€TEPOreHHbIX)  BBI- | HUIO 3a1a4y 1o
MUPOBaHHUS JUTSL | YUCIICHUH. TEMaTUKEe 3aHATUS W
rpaduyeckux mpouec- | YpOBHU MapajiebHOCTH B apxurekrype GPU. KOJIJIEK- TUBHOE

00cy>XJIeHUE pelIeHui
BeimonHeHne TecTOBBIX

MPI

CHUHXpOHHBIE UM ACHUHXPOHHBIE MPUMUTHUBBI B3aH-
MOJEHCTBHS.

Onepanuu TUNa TOYKA-TOYKA.

Onepanuu KOJJIEKTUBHOTO B3aUMOJEHCTBUSI.
[TapayienpHbId QITOPUTM YMHOXKEHUS MaTpPULIBI HA
BEKTOP.

PyCUDA. 3a/IaHUI
Pexomenoyemvle ucmounuxu: 8. 1-4
Ocuogsl Texuonoruu | OcHoBbl MPI Ha Python. IIpakTukym 1o peuie-

HHUIO 3aaad 10
TCMATHUKEC 3aHATHUA U
KOJIJIICK- THUBHOC

o0cy kJIeHUE pelIeHuit
BrlmoniHeHHE TECTOBBIX
U KOHTPOJIbHBIX 3aj1a-
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HUN

Omnepanuu coyeTaHus MapajlIeNbHBIX PE3yIbTaTOB
BBIYHCIICHUI.
[TpUMUTHBBI CHHXPOHU3AIMH MEXIY TPOIIECCAMH.
Pexomenoyemvre ucmounuku. 8. 1-4

6. Ilepeyenb y4eOHO-METOAUYECKOTO OOecmeyeHMsl JJIs1 CAMOCTOSITEIbHOM PadoThI

00y4arIuxcs no JUCUUIINHE

6.1. HepequL BOIIPOCOB, OTBOAMMBIX HAa CAMOCTOATEIbHOEC OCBOCHUE TUCIUITIINHDI,

(opMbI BHEAYTUTOPHOM CAMOCTOSTEIbHON PadoThI

HaumenoBaume TeM
(pa3aesoB) IMCUMILIUHBI

Hepeqem, BOIIPOCOB, OTBOAMMBIX Ha
CaMOCTOATEC/JIbHOC OCBOCHUC

®DopMbI BHEAYAUTOPHOM
CaMOCTOSITEJIbHOM PadoThI

Bsenenue B «Texnomornun
MapaieIbHOTO MPOrpaM-
MHPOBaHUSD)

HcTopus pa3BuTus napaiienu3Ma B apXu-
Tektype OBM.

KonseiiepHass 00paboTka AaHHBIX U KO-
MaH/I.

MHoro¢yHKIMOHabHast 00paboTKa rnepu-
(hepHuitHBIMU MPOIIECCOPAMH.

Bekropnas ob6paboTka.

BrraucnuTensHpie CHCTEMBI ¢ 00IIeH | C
pacrpeielleHHON NaMsThIO.

0O0630p 3a7a4, TPEOYIOMNUX CYNEPKOMITHIO-
TEpOB.

Pabora ¢ TexcToMm JeKIuw,
paz00p BOMPOCOB U 3aaHUM
0 TeMe 3aHSATHS;
W3YYEHUE  PEKOMEH]IOBaH-
HBIX K 3aHATHIO JUTEpaTyp-
HBIX UICTOYHUKOB.

OcHosbl OpenMP

Oco0OeHHOCTH TPOrPaMMUPOBAHUS ISl CU-
CTeM ¢ 001IIel mTaMsIThIO.

[TonsiTue mpouecca, MOTOKa U MHOTOIIO-
TOYHOCTH.

Texnonorus OpenMP, ee ocobeHHOCTH 1
KOMIIOHCHTHI.

PaboTta ¢ TEKCTOM JIEKIIMH,
pa3dop BOMPOCOB U 3aIaHUI
10 TEME 3aHATHS;
U3yYCHHE PEKOMEH]IOBaH-
HBIX K 3aHATHIO JIUTEPaTyp-
HBIX UCTOYHHUKOB.

JvupekTuBbl pac-
MpeAesIeHNs U CHH-
XPOHU3AIUH paObOTHI
OpenMP

[Tpumepsl 3a1a4, JOMyCKAOIIUX pacHapa-
JIEJIMBAaHUE BBINOJIHEHUS LIUKIIOB.
CpaBaenue 3¢ (HEeKTUBHOCTH pacnapaiie-
JAUBaHUS LMKIOB (nupekTtuBa For) m pac-
npeseneHns padoThl HA OCHOBE HE3aBHCH-
MbIX 3a7a4 (mupektuBa Task) Ha mpumepe
pa3IMYHBIX 33]1a4.

PaGora ¢ TEeKCTOM JICKIIHH,
pa3bop BOMPOCOB U 3aJIaHUI
10 TEME 3aHSATHS;
U3yYCHHE PEKOMECH]IOBaH-
HBIX K 3aHATHUIO JINTEpaTyp-
HBIX HCTOYHHKOB.

OCHOBBI BEKTOpH3ALNH
UCTIOJTHSEMOTO KOJIa B
OpenMP

[Ipobnembl BEKTOpHU3aLny.
CrocoObl BEKTOpH3AIIHH.

PaGora ¢ TeKCTOM JIEKIIHH,
pa3dop BOMPOCOB U 3aJaHUI
10 TEME 3aHSATHS;
U3yYCHHE PEKOMEH/I0OBaH-
HBIX K 3aHATHUIO JINTEpaTyp-
HBIX HCTOYHHKOB.

TexHonorum mapain-
JIENBHOTO MPOrpaM-
MUPOBAHUS JIsI
rpaduyecKkux mpo-
eccopoB (GPU)

Bo3moxHBIE NTpeuMyIIecTBa BEIYMCICHUN
Ha rpau4ecKoM MpoLEeccope.

3amaya  KOMIIBIOTEPHOM  BU3yallU3allU
TPEXMEPHBIX CLIEH.

ApxutekTypa rpaduieckoro mnpoueccopa

PaboTra ¢ TeKCTOM JIEKIIHH,
pa300p BOMPOCOB U 3aIaHUI
10 TEME 3aHSATHS;

U3yueHHe PEKOMEHIOBaH-
HBIX K 3aHATHUIO JINTEpaTyp-
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| (GPU). HBIX HCTOYHHUKOB.

CpenctBa pa3paboTku ajisi TpadUIecKoro
poreccopa.

OcHosbl TexHonorud MPI | OcobeHHocTH porpaMMupoBanust uisi cu- | PaboTa ¢ TEKCTOM JIeKIuH,
CTEM C paclpeAeIeHHON MaMATBIO. pa3bop BOMPOCOB U 3aJJaHU
Texuonorus MPI. 110 TEME 3aHSTHUS;
3akoH Ampana. U3YyYEHUE PEKOMEH]IOBaH-
OneHku mpenenbHO BO3MOXKHOIO YCKOpPE- | HbIX K 3aHATHUIO JIUTEpaTyp-
HUSl TapAJUIEIbHbBIX AJITOPUTMOB. HBIX MICTOYHHKOB.

6.2. IlepeueHb BONPOCOB, 3a]aHMIi, TeM /ISl IOATOTOBKM K TeKYyIlleMY KOHTPOJIIO

IIpuMepHbIe 3a1aHUs KOHTPOJIbHOI PadoTHI

3amanue 1. Ilocne BBHINONHEHUS BBIACICHHOTO MMApPAJJIENIBHOTO YyYacTKa B
nporpaMMe MPOUCXOAUT HEsiBHAasi OaphepHas CUHXPOHU3AIUS MapauieibHO paboTarOIMKUX
noTokoB. MX nanbpHeililiee BBIMOJHEHUE MPOUCXOIUT TOJIBKO TOrAa, KOrja BCE OHHU
JNOCTUTHYT AaHHOW Touykd. Ecnum B momoOHON 3a7ep’KKe HET HEeOOXOAMMOCTH, OIS
nowait TMO3BOJISIET TOTOKaM, YK€ JOUIEAIIMM JI0 KOHIA Yy4acTKa, MPOJOIKUTH
BBITIOJIHEHWE 0€3  CHHXPOHHU3AIMM C  OCTalbHBIMH. PeanmusyiiTe mporpammy,
WJUTFOCTPUPYIOIIYIO OITMCAHHYIO CUTYALIHIO.

Peanuzyiite mnporpammy Ha C++ ¢ noxakiatoueHueM TtexHosnorun OpenMP, u
IPOBEPHTE MOIyIaeMbIid PE3yIbTaT, 000CHYHTE pe3yJIbTaT B BHIBOJAX.

MOKHO HCMOJIB30BaTh KOMIIMJIATOP g++ COBMECTHO C YCTAHOBJIEHHOW MJISI HETO
peanuzarueit TexHosoruu OpenMP, mu6o IDE MS Visual Studio Community c¢
HacTpoiikamu, paspemraronumu OpenMP, B cBoiicTBax mpoekTa, JTHOO HCIOJIB30BAThH
moOoit apyroi nmoctynHbii kommwisitop C++ ¢ OpenMP, B ToM uyucie oOiayHbIi,

HarpumMmep, https://www.codingame.com/playgrounds/54443/openmp/playground

[Ipumep peanuzanuu:
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#pragma omp parallel num_threads(4)
{

printf(“Mepes aupexkTHBoi single Bes nowait \n");
#pragma omp single

{

printf("B aupexkTuBe single \n");

1

printf("Mocne pupexkTuBsl single 6e3 nowait. 3To coofueHWe HUKOrAa He GYAET paHbwe npeasayuux \n");
#pragma omp barrier

printf("MNepen pupexTHBOiW single c nowait \n");
#pragma omp single nowait

{
printf("B gupexkTtuee single \n");

}

printf(“Mocne pupexTHesl single ¢ no-wait. 310 coobueHnwe mowxeT GbiTe paHble npeapayumx \n");

3aganme 2. BBIIOJHUTH YMHOXXEHHME MATpPHUL, HCHOJbB3Yys JIOOBIE H3yUYEHHBIE
TEXHOJIOTUM pachnapajuieiuBaHuss U yckopeHuss Bbluncienuit (OpenMP, Mpidpy,
PyOpenCL). CpaBHUTH TPOU3BOUTEILHOCTD MPOrPaMMBI JJIsl MATPHUIL PA3HOTO pa3Mepa U
npy pa3HoOM KojudecTBe MoTokoB (st OpenMP); pabouux nponeccoB (st MPI), s

CPU u GPU (ans PyOpenCL).

Kpumepuu 6annvnou oyenxu pasnuunvix oopm mexkyuje2o KOHmMpoJis ycnesaemocmu
cooepacames 8 COOMEEMCmeyIoWUx Memoouleckux pexomeHoayusax Jlenapmamenma

AHanIU3a OAHHBIX U MAWUHHO20 0OVYEeHUsL.

7. @OHA OLEHOYHBIX CPEACTB /JIsi MNPOBEJACHHUS IPOMEKYTOYHOH aTTecTauuu

oﬁyqalonmxca o IMCIHUIIJIMHE

[lepeuenp kommeTeHIMH, (QOPMUPYEMBIX B TMPOIECCE OCBOCHHS JUCIMILIAHBI,
coaepxkurcsi B pazgene 2 «llepedyeHb MNUIaHMpPYeMbIX Pe3yJbTATOB OCBOCHUSA
o0pa3oBaTeIbHOM NMPOrpaMMbl (IepedeHb KOMIIETEHIN) ¢ YKa3aHNeM UHIUKATOPOB

HX JOCTHIKCHUA U IVIAHUPYEMBIX pE3yJabTaToOB oﬁyqemm 0o AMCIHMUIIJIMHE».
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TunoBbie KOHTPOJIbLHBbIE 32IaHUS UJIM UHbIE MaTePUAJIbl, HE00X0AUMBIE JIJI51 OLEHKHU
UHIAMKATOPOB JOCTUKCHUSI KOMIETCHIU, YMEHU ¥ 3HAHUI

HaumenoBanue | Uuaukatopsl 10- | Pe3syabrarbl 00yuenusi (yMenusi | TumnoBble KOHTPOJIb-
KOMIIETEHIUH | CTHKEHHSl KOMIle- | W 3HAHHUsI), COOTHECeHHbIe C MH- Hble 3a/JaHUs
TEeHUHHU AUKATOPAMM JOCTHKEHUS] KOM-
neTeHInu
OIl «IIpukiagnas uHpopmMaTUuKa»
[IKTI-3.  Cmo- | 1. [lemoHncTpupyeT | 3HaTh NPUHIMUIBI OpraHU3alUK U | BeimomHuTh 00cnenoBa-

COOHOCTh  TIpH-
MEHSTb METO/IBI
pa3paboTKu
MIPUIOKEHUNA B
chepe  IKOHO-
MUKH U (UHAH-
COB Ha IUIaT-
dbopme  Kopmo-
paTUBHBIX  UH-
(hopManOHHBIX
cHCTEM

3HaHHE HAa3HAUCHUS
¥ (YHKIMOHAT TH-
MHOBBIX MOyJen
KOpPIOPATHUBHBIX
MH()OPMAITMOHHBIX
CHCTEM, OCHOBHBIE
METO/IBI paspa-
OOTKH MPUIOKEHHUH
Ha UX mIardopme

(OYHKIIMOHMPOBAHUS KOPITOPATHB-
HBIX HH(QOPMAIIMOHHBIX CHCTEM C
Y4YETOM MapauIesIbHbIX BbIYHCIIE-
HUW, OCHOBHBIE METOJBI pa3pa-
OOTKM TPUJIOKEHUI HAa WX TUIAT-
dbopMe ¢ mpuMEHEHHEM TEXHOJIO-
TUi MapajuieIbHOTO MPOTrPaMMH-
pOBaHUsI U PACIPEICICHHBIX BbI-
YHCIICHUM;

YMeTb NMPUMEHSTh COBPEMEHHBIC
METO/JIbI pa3pabOTKU MPUIIOKEHUHT
Ha OCHOBE TUITOBBIX MOJIYJIEN KOp-
MOPATUBHBIX MH(POPMAIIMOHHBIX
CHUCTEM C MCIIOJIb30BAHUEM TEXHO-
JIOTUHA TapaJjIeNIbHOTO IPOrpaMm-
MUPOBAHUsI U paclpeaeseHHbIX
BBIYMCIICHHI

HUE 3a/1a4 (PUHAHCOBOIO
npennpusaTus  «3eta» B
COOTBETCTBUU
IIPUHLUIIAMHA ~ OpraHu3a-
UMM MHQOPMALMOHHBIX
cucreM. OLIEHUTD 3a/1a4U
C TOYKHM 3pEHHUsl IpuMe-
HUMOCTH ITOPUTMOB
NapauIeJIbHBIX BbIUUCIIE-
HUH.

2. Bnageer meTozo-
Joruen paspaboTKu
MIPUIIOKEHUN B
chepe IKOHOMHUKHU
u  ($UHAHCOB Ha
iatopme KopIio-
paTuBHBIX HH(OP-
MAaIMOHHBIX CUCTEM

3HAThL TNPUHIUIBI [TOCTPOSHUS
APXUTEKTYPBI POrpPaMMHOTO
oOecrieueHnss ¢ Y4YETOM Tapa-
TIENBHBIX BBIYUCICHUN B cdepe
HSKOHOMHKH ¥ ()MHAHCOB Ha TLIAT-
¢dopmMe KOpPHOPATUBHBIX HHGOP-
MAI[MOHHBIX CHUCTEM; CTaHIApPTHI
pacrapasuieIMBaHusl POrpaMM B
CUCTEeMax C O0IIel maMsThIO U TIe-
penavn cooOIIEeHUI B CUCTEMaX C
pacrpeeIeHHOW MMaMsAThlO, JId-
PEKTHBBI, (PYHKIIUH, TIEPEMECHHBIE
Cpelbl; CpeacTBa Pa3pabOTKH st
GPU; meronb! 1 cpeacTBa Npoek-
TUPOBAHHS TPOTPAMMHOTO 00ec-
TICYEHUS JIIST BBICOKOTIPOU3BOIH-
TEBHBIX U TETEPOTEHHBIX CHCTEM
YMeTh MPUMEHSTh COBPEMEHHBIC
MMOAXOJbI U METOHOJIOTHH U3 00-
JacTH TapaJUIeIbHBIX BBIUUCIIC-
HUI W TPOrpaMMUpPOBAHHS TPU
pa3zpaboTke Ha TIatgopme Kopro-
paTUBHBIX MH(DOPMAIIMOHHBIX CH-
CTeM IPWIOKEHUH B cepe dKo-

PeanusoBarh oCTaHOBKY

3a7a4yd, aIrOpuT™M U
porpaMMy pereHus
3a1a4n 00paboTKH

YCIIOBHBIX  (DMHAHCOBBIX
JAHHBIX C ITOMOIIBIO UTe-
PalMOHHOTO METOoJa pe-
IIEHUsS] CHCTEMbI JHMHEHU-
HBIX anreOpandecKux
ypaBHeHui (CJIAY) kak
YMHO)XEHUE MaTpPHUIbl HA
BEKTOp C HCIIOJIb30Ba-
HHEM TEXHOJIOTHH Ta-
paJUIeNbHOTO  TIPOTpaM-
MHUPOBaHUSI M pacipesie-
JIEHHBIX BBIYHCIICHUH
(BO3MOKHBIE TEXHOJIOTHH
TSI peanu3anum
mporpammbel: CH &
OpenMP | Python +
PyOpenCL | Python +
mpidpy)

HOMUKUA U (DUHAHCOB; MCIIOJB30-
BaTh TEXHOJOTUH M CYIIECTBYIO-
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M€ THUIIOBBIC PCUHICHUA JIA IIPO-
EKTUPOBaHUS MIPOrPaMMHOTO
obecrieueHrss C Yy4YeToM Tapa-
TIENBbHBIX ~ BBIYHCIICHHM, Takue,
kak OpenMP gnna cucrem c

obmieii ma- MaThio, MPI s
CUCTEM C pac- MpeAeIICHHON
NaMsThIO, Py- OpenCl,
PyOpenCuda ms pacma-
pajuleNIMBaHUs ~ TPOIIECCOB  HA
GPU

[IKII-5.  Cmo-
COOHOCTH  TpH-
MEHATh TEXHO-
JOTMH  paspa-
OOTKH HACTOJb-
HBIX, MOOUJIb-
HBIX U  web-
NPUWIOKEHUN B
chepe  IKOHO-
MUKU U (puHaH-
COB

1. lemoHcTpupyeT
3HaHWE TEXHOJIOTHU

pa3paboTKu
HACTOJBHBIX,  MO-
OWJIBHBIX W Wweb-
MIPUIIOKEHUN

3HaThL TEOPETUYECKHE OCHOBBI
IIPUMEHEHUs] TEXHOJIOTUI mapai-
JEIBHOTO  MPOrpaMMHPOBAHUS
pU pa3paboTKe HACTONbHBIX, MO-
OUJIBHBIX U Web- MPUIOKEHUH B
chepe IKOHOMHUKHU U (PUHAHCOB
YMerp NpUMEHATH TeOpeTHYe-
CKHE OCHOBBI TEXHOJIOTHI mapaj-
JEIBHOTO  MPOrpaMMHPOBAHUS
pU pa3paboTKe HACTONbHBIX, MO-
OUJIBHBIX U Web- IPUIIOKEHUH B
chepe IKOHOMHKHU U (PUHAHCOB

Onpenenutsb UHCTPY-
MEHTaJbHBIE  CpENCTBA
UH(QOPMALMOHHBIX TeX-
HOJIOTUMA Il peanu3a-
IIUU TIPOTPaMMBbI
MOCTPO- €HUs (pakTaia
Hrrotona gisg
ypaBHeHHs X -1=0
OO6ocHOBaTh  IpUMEHE-
HUE€ TEXHOJIOTUM Mmapa-
JETBHOTO POTPAMMHUPO-
BaHMs TIpU pa3paboTke
MIPUIIOKCHUSL.

2. Brnaneer HaBEI-
KaMu  pa3paboTKH
HACTOJILHBIX  TIPH-
noxeHul B cdepe
SKOHOMUKH U (H-
HAHCOB

3HATL TEOpETHUYECKUE OCHOBBI
IIPUMEHEHUsI TEXHOJIOTMH Mapai-
JEeIBHOIO  MPOrpaMMHUPOBAHUS
npu pa3pabOTKe HACTOIBHBIX MPH-
JOXeHUH B cepe SKOHOMUKU U
¢uHaHCOB

YMeTb NpPUMEHATh TeopeThude-
CKHE OCHOBBI TEXHOJIOTUW mapaji-
JEeIBHOIO  MPOrpaMMHUPOBAHUS
npy pa3pabOTKe HACTOIBHBIX TPH-
JOXeHUH B cepe SKOHOMUKU U
(dbuHaHCOB

PeanuszoBartb nocra-
HOBKY 3a/1a4H1, aJTOPUTM
U HACTOJIBHOE MpUJIOKe-
HUE  JUI1  peIICHHS
3aa4u MOCTPOCHUS
dpakrana HproToHa ISt
ypaBHeHUs X -1=0
[IpuMeHuTHs B penieHUU
3aJa4d TEXHOJOTUH Ia-
paJIENTBHOTO  IIPOTPaM-
MUPOBaHHUS.

3. Bnanmeer HaBEI-
KaMH  pa3paboOTKu
MOOUJIBHBIX MTPHIIO-
JkeHU B cdepe
KO- HOMHUKH H
¢uHaH- COB

3HATHL TEOPETHYECKHE OCHOBEHI
NPUMEHEHUsI TEXHOJIOTUI Tapai-
JETBHOTO  MPOTPAMMHPOBAHHUS
npu pa3paboTKe MOOMIIBHBIX MPH-
JOXKEHUH B cepe IKOHOMUKH H
¢uHaHCOB

YMeTb TPUMEHATh TEOpeTHYEe-
CKHE OCHOBBI TEXHOJIOTHMW Mapai-
JETBHOTO  MPOTPAMMHPOBAHHUS
npu pa3paboTKe MOOMIIBHBIX MPH-
JOXKEHUH B cepe IKOHOMUKH H
¢buHaHCOB

PeannzoBatb nocra-
HOBKY 3a/1a4H1, aJTOPUTM
U MOOWJIBHOE TPHIIOXKE-
HUE  JUII  peIIeHHS
3a71aun MOCTPOCHHUS
¢dpakrana HeroToHa IS
ypaBHeHus X°-1=0
[IpumMeHnuTs B penieHun
3a7lauydl TEXHOJIOTMU Ia-
paJIENBHOTO  TIPOTPaM-
MHPOBAHMUSL.
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4. Bnaneer HaBEI-
KaMHi  pa3paboTKu
web- mpunoxeHuit
B chepe
YKOHOMHUKH "
¢duHaHCOB

3HATL TEOPETUYECKUE OCHOBBI
NPUMEHEHUs] TEXHOJIOTUH mapai-
JENBHOTO  MPOTpaMMHUPOBAHUS
npu paspaboTke web- mpuioxe-
HUH B cdepe HSKOHOMHKH U
¢uHaH- CoB

YMeTb TpPUMEHATH TeopeThye-
CKHE€ OCHOBBI TEXHOJIOTUH Mapal-
JENBHOTO  TPOTPaMMHUPOBAHUS
npu paspaboTke web- mpuioxe-

PeannzoBars rnocra-
HOBKY 3aJIa4d, aJlfOPUTM
u web-nipuiioxeHue st
pelieHuss 3afadd  To-
CTPOCHHUS ¢bpaxTana
Herorona st ypaBHeHUs
x>-1=0

[IpumeHHnTH B pelICHUN
3aJja4d TEXHOJIOTHH IIa-
palJIENIbHOTO ~ TIPOTpaM-

HU B cdepe HSKOHOMHMKM U | MHPOBAHUS.
¢dbuHaH- COB
OIl «Unxenepusi nanubix», OIl «llpukiaaanpie nHGOPMALMOHHbIE CUCTEMBI B IKOHOMHKE U
¢puHaHCcaX»
I[IKH-3.  Cmo- | 1. JlemonctpupyeT | 3HaTh COBpEMEHHBIC TOIXObI, | Peain30BaTh CTPYKTYpY
COOHOCTb  IIPO- | 3HAHUE OCHOBHBIX | TEXHOJOTUU u CPEICTBA | JaHHBIX M  AJITOPUTM
eKTHpOBAaTh aJITOPUTMOB U | pa3paboTKu JuIs  pealiu3allid | YMHOXEHHS BEKTOPOB B
u CTPYKTYp HaHHBIX, | QJITOPUTMOB U CTPYKTyp AaHHbIX | Python, ¢  wucmomns-
pEan30BBIBATh | UCIIOJIB3YET Ha | METOJaMH TNapajuieJbHOr0 MpO- | 30BaHUEM GPU
apXUTEKTYypy U | IPaKTUKE MPOCTbIE | IPaMMHUPOBaHUS (6ubmmorexa PyOpenCL
J3aiH IIPO- | CTPYKTYpPHBI JTaH- | YMeTh NpUMEHsITh coBpeMeHHble | uin PyOpenCuda), 6o
IPaMMHOM  CH- | HBIX, OLIEHUBAET | MOJXOJBI, TEXHOJIOTHH u|c UCIOJIb30BAHUEM
CTEMBI B COOT- | CIIOXHOCTH cpencTBa pa3paboTKu Uit | OMOIMoTeKu mpidpy.
BETCTBUU C aHA- | aJlTOPUTMOB peasinzauuu  anroputMoB  u | CpaBHUTH JBa MeTona
JU30M 3a/1a4M U CTPYKTYp JAaHHBIX METOJAaMH | MapajliebHOTO
TpeboBaHUI [apajIeNIbHOro | MPOrPaMMHUPOBAHHMS.
K HEl [IPOrpaMMHUPOBAHUS
2. Cobwupaet, | 3HaTh IPUHITUIILI OpTaHU3aIuy U | OnpeneauTh
dbopmynupyer, (byHKIIMOHATTBHBIE u He- | crenuQuKamnuio
CUCTeMaTH3HUpYyeT U | (yHKIMOHATbHBIE TpeOOBaHMS K | (PYHKIMOHAIBHBIX u
aHAJIN3UPYET MHPOPMALIMOHHBIM CHCTEMaM C | He(pyHKIHOAHJIbHBIX
(byHKIMOHATBLHBIE y4eTOM  MapajuleJbHBIX  BbI- | TpeOOBaHMIA
u He(YHKIMO- | YHCIICHUN, TPUHIUIBI BbIOOpa | K
HaJIbHBIE  TpebO- | apXUTEKTYPHBIX PEIICHUH Ha UX | MPHIOKEHHUIO TUIst
BaHUS K WHGOpP- | OCHOBE C IPUMEHEHHUEM | pacdera IIPOrHO3a
MaIMOHHOMN CH- | TEXHOJIOTUH MapajyieIbHOTO | MO0kl HA OCHOBAaHUU 5
CTeMe, BbIOMpAeT | MPOrpaMMHUPOBaHUS MaTpHI] UCXOJTHBIX TaH-
apXUTEKTypHbBIE U pacrpe/ielIeHHBIX BBIUMCICHUN; | HBIX JUTSE TOUEK
pelmieHusT Ha UX | YMeTb  coOupaTh, aTMocdepsl Ha 4
OCHOBE dbopmyH- poBaTh, BBICOTAX, c
CHUCTEMAaTH3UpOBaTh U | MPUMEHEHHEM
aHAJTM3UPOBaTh (PYHKIIMOHAIBHbBIE | TEXHOJIOTUI
u HE(QYHKIIMOHAJBHBIEC | MapayIeIbHOTO
TpeOoBaHUs K UHGOPMAIMOHHBIM | TPOTPAMMHUPOBAHUS U
cucreMam c pacnpeeneHHbIX
Y4eTOM HapaiebHbIX BBIUUCIICHHH.

BBIYHCIICHHUM, BEIOUpATh
ApPXUTEKTYpPHBIE
pe- IIeHUsI Ha UX OCHOBE C
HCIIOJIb- 30BAHUEM TEXHOJIOTHH
napai-
JIEJIbHOTO MPOrPaMMHMPOBAHUS U
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PacpCaCICHHBIX BBIYMCIICHHM

3. Co3maer 00b-
CKTHO-OPHEHTH-
POBaHHBIHN KOJI, MH-

KarcCyJupyrOmun
yCIOBUSA  3aJayd,
MIPOU3BOJUT ne-
KOMITO3UIUIO
3aJ1a4u u
MIPOEKTUPYET  CHU-

CTeMy B Ipenenax
OZIHOM TmIaTGOopMBbI
WJIU TEXHOJIOTUHU

3HaTh  MPUHITUIIBI
CO3J1aHUsI OO BEKTHO-
OPUEHTUPOBAHHOTO KO/Ia C
YY4EeTOM TapalIeIbHBIX
BBIUMCIICHU, JIEKOMITO3HUIIUN
3ala4l U TMPOCKTHPOBAHUS CH-
CTeMbl B  Tpefenax  OIHOM
w1atpopMbl WM

TEXHOJIOTUH;, CTAaH/IaPThI

pacnapauieIuBaHus
mporpaMM B cHcTeMax ¢ oOIiei
MaMAThIO U TIEpe/Iauyu COOOIICHUI
B CHCTEMax C paclpeneIeHHON
MaMSTBIO, TUPEKTHBBI, (DYHKIINH,
MEpeMEHHbIE  CpE/bl; CpelCTBa
paspabotku it GPU; metoas! u
cpencTBa MIPOEKTHUPOBAHUS
MIPOTPaMMHOTO O0ECTICUEHUSs ISt
BBICOKOTIPOU3BOUTEIHHBIX u
TeTePOTreHHBIX CHCTEM
YMeTb PUMEHATH COBPEMEHHBIE
MOAXOMBI M METOJOJIOTUU W3
o0nacTtu napaieNbHbIX
BBIUHCIICHHA ¥ TIPOrpaMMUPO-
BaHMS TIPH pa3paboOTKe 0OBEKTHO-
OPUCHTUPOBAHHOTO KoJa,
JEKOMITO3ULIUU 3aa4u u
MPOSKTUPOBAHUS ~ CUCTEMBI B
npeenax oAHOH miaTGopMbl UITU
TEXHOJIOTUH; HCIIOJIb30BATh
TEXHOJOTHH M CYLIECTBYIOIINE
TUTIOBBIC penieHus JUTST
MPOEKTUPOBAHUS MPOTPAMMHOTO
o0ecriedeHnss € ydYeToM Iia-
paJIeNbHBIX BBIYHUCICHUM, TaKue,
kak OpenMP 11 cucrem c
obmieli mamarero, MPI  mua
CHUCTEM C PaCIPEIECICHHON

MaMsThIO,

PyOpenCl, PyOpenCuda mns
pacmapaieIMBaHusl  MPOIIECCOB
Ha GPU

Paspaborath

MIPUIIOKEHUE TS
pacyera MPOTHO3a
MOToAbI HA OCHOBAaHHU 5
MaTpHuIl HCXOTHBIX
JaHHEIX IS TOYSK aTMO-
chepsl Ha 4 BBICOTAX, C

NpUMEHEHHEM
TEXHOJIOTUI napai-
JIEIHOTO
NpOrpaMMHpPOBaHUA U
pacnpeeneHHbIX
BBIYHCIICHUI.
[Iporuos ycinoBHO
BBINOJTHSIETCS
Ha OCHOBAHWUHU PELICHMS
ypaBHEHHS 5x7+3x*-

Tx*+2x*-8x+15=y, rue x
— JaHHBIE MATpHIl IO
Ka)XJJ0M BBICOTE.
BrImostHATE pa3paboTKy

C TpUMEHEHHEM Ta-
pajIeTbHBIX

BBIYMCIICHHI Hu
BBIOpPAHHOW TEXHOJIOTHH,
takol, kak OpenMP,
MPI, PyOpenCl wm
PyOpenCuda

JUTSL pacrapaieiBaHus
npoueccos Ha GPU
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IIpuMepsI TECTOBBIX 3aJaHU U

1. Kakne nmoaxoabl, NpuMeHsieMble B APXUTEKTYPaX KOMIIbIOTEPOB, MO3BOJISIJIN
NMOBBICUTH UX NMPOU3BOANTEILHOCTH

-Kongeiiepnslii cmocod 06paboTku

-He3aBucumbie pyHKIIMOHAJIBHBIC YCTPOUCTBA

-BekTopHbIe onepanuu BEPHO

-YMeHblIeHHE 3HEPronoTpedIeHus

2. Kakoil nmpuHUMII OPraHM3alMM MAMATH HCHOJIb3YyeTCH IS odecrmevyeHus!
TpeOyeMOil €MKOCTM H BBICOKOI0 OBICTPOJAECTBHSI NaMSATH KOMIbIOTEpa 3a
NMpHUeMJIEMYIO IIEeHY

-HTeHCUBHBIN

-OKCTEHCUBHBII

-Macmrabupyemoctu

-Uepapxuueckuii

3. Camblii MUHUMAJIbHBIH 110 00beMY THII IAMSATH, HO U CAMbIH ObICTPBIH 3TO
-Peructpsl ieHTpaapHOrO IIporeccopa

-Ksm1 nepBoro ypoBHs

-OnepaTuBHAas NaMATh

-Ksm1 HyneBoro ypoBHs

4. lnst 3p(peKTUBHOTO UCIOJIb30BAHUA HEPAPXUYECKOH CTPYKTYPHI NAMSITH
NPH HANMCAHUH MPOTrPaMM He0OX0IMMO MCII0JIb30BaTh

- [IpuHIUTT TOKATBEHOCTH MO 0OpaIEHUIO

- [IpuHOMIBI 00 BEKTHOTO-OPUEHTUPOBAHHOTO TTPOTrPaMMHUPOBAHUS

- [lpuHuun coydaiiHOro oOpamieHus

- HpI/IHHI/IH MAJICHBKHUX JaHHBIX
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5. Knaccupurkanust @JIMHHA OCHOBBIBAETCS HA
-Ha MTOHATHUH MTOTOKA

- HA MTOHATUU JEKOMITO3UIIUH JAHHBIX

-Ha 0COOEHHOCTSX MPOIECCOPOB

-Ha 0COOEHHOCTX opraHu3anuvy IaMATH

6. SISD 7310

- OJIMHOYHBIN MOTOK KOMAaHJI ¥ OJUHOYHBINA ITOTOK JaHHBIX

- MHOKECTBEHHBII OTOK KOMAaH/ ¥ OAUHOYHBIN ITOTOK JaHHBIX
- OJIMHOYHBIN MOTOK KOMAaHJT 1 MHOKECTBEHHBIN ITOTOK JTAHHBIX

- MHO>KECTBEHHBIN MOTOK KOMaHO 1 MHO>KECTBEHHBIN MOTOK JaHHBbIX

7. Kakue ABa KPYIHBIX KJacca HmapajajeJIbHbBIX BbICOKOIIPOU3BOAUTEIbHBIX
BBIYUC/IHUTEJIBbHBIX CUCTEM MOZKHO BI)IJIC.JII/ITI)?

-BBIYUCIIUTCIBHBIC CUCTCMEI C 0611161”4 IIaMsATBIO

-BbIYUCIIUTCIBHBIC CUCTCMBI C pacnpeﬂeneHHoﬁ IIaMATBIO

-BBIYHCIIUTEIIbHBIE CUCTEMEBI C OUY€HBb OOJIBIIIMM 00BEMOM OHepaTI/IBHOﬁ ImaMsTu

- BBIYUCIIUTCIIBbHBIC CUCTCEMBI C BOAAHBIM OXJIAXKACHHCM

8. Kakue uM3 HITHX TEXHOJIOTHI TMO3BOJISIOT C€O3aBaTh MNapajliejbHble
NMpOrpamMMblI

- OpenMP

- MPI

-Pascal

-Parallel

9. MHOronmoTOYHOCTH ITO
- CBOMCTBO TIAaTGOPMBI WM TPWIOKEHHUS, COCTOsIIee B TOM, YTO Mpolece,
MOPOXJIEHHBIA B ONEPAIMOHHOM CHCTEME, MOXET COCTOSTh W3 HECKOJIbKUX IOTOKOB,

BBIITOJTHAIOIINXCA «I1apaJlVICJIbHO», TO €CTh 0e3 MMpCAIIMCAaHHOIO IIOPsAAKa BO BPpCMCHU.
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- CBOMCTBO LOHCHTPAJIBHOI'O Mpoueccopa aBTOMATUYCCKHU BLINMOJHATE IIPOrpaMMbI
Cpa3y B HCCKOJIBKO ITIOTOKOB
- CBOIMCTBO KOMITHJIATOpPA ITO3BOJIAIOMINME CO34aBaTh I1apalJICIIbHBIC

MHOTI'OIIOTOKOBBIC IIPOrpaMMBI.

10. TexHoJiorust mapajjieabHoro nporpammuposanus OpenMP Briroyaercs B
ceds

-IMPEKTUBBI KOMIIWIIATOPA

-OuOnMoTeYHbIe (PYHKITUH

-IIEPEMEHHBIE CPEbI OKPYKEHUS

-HapaHHGHBHBIﬁ KOMITUJIATOP

11. /l1s1 co3nanus napauieJbHbIX nporpamm B OpenMP npumensiercss Moaesnb
NPOrpaMMHUPOBAHUS

-PazperBnenne-cnusaue (Fork—join)
-JleKOMIO3HITHS TI0 TAHHBIM

-I'naBHbIil moqunHeHHbIN (Master-slave)

12. BbiOepuTe KOX B KOTOPOM CO3laeTcsi MapajuiejibHas 00J1acTb ¢ 5
JAOIOJHUTEJIbHBIMU MOTOKAMHU BbINOJIHEHUS

#pragma omp parallel shared(a,b,c) num_threads(4)
#pragma omp for
for (int 1 =8@; 1 < n; 1++)

{
¥

c[i] = a[i] + b[i];

pragma omp parallel shared(a,b,c) num threads(e6)
#pragma omp for
for (int 1 = 8; 1 < n; 1++)

{
h

c[i] = a[i] + b[i];
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pragma omp parallel shared(a,b,c) num threads(5)
#pragma omp for
for (int 1 = @; 1 < n; 1i++)

{
¥

13. Caenyrwmmii ¢pparMeHT KOJAA 3alyCTIJIM HA KOMIbIOTepe ¢ 8 siiepHbIM

c[i] = a[1i] + b[1];

MPOoIeCCOPOM

CxoibKo pa3 Oyaer BbIBeAeHO ¢JI0BO Print?

#include "stdio.h"
#include "omp.h"

int main()

{
printf{"Printin"};
#pragma omp parallel num_threads(1@)

printf{"Printin");

¥
#pragma omp parallel num_threads(2)

i
printf{"Printn");

printf{"Print\n");

14. Kakoe 3HaueHHe epeMeHHOM N 0yJ1eT BbIBEAEHO HA IKPaH B cJeayloiuei

nporpamMMe Mpu 3amyckKe Ha KOMIbIOTepe ¢ 4-X siIePHbIM IIPOLECCOPOM?

#include “"stdio.h”
#include "omp.h"

int main{)
{
printf("Print\n");
int n = 3;
#pragma omp parallel num_threads({4@)
n+=1;

¥
printf{"n=Rd", n);

3HaUYEHHE HE ONPENIETIECHHO, OT 3aITyCKa K 3aIlyCKy MOYKET MEHSATHCA
[IporpamMMa He 3aIyCTUTCS, TaK KaK MOTOKOB OOJIbILIE YEM sJIED

3naueHue 43 OyAeT BbIBEICHO

[Iporpamma HE CKOMOMIMPYETCS U3-3a2 CHHTAKCUYECKOU OIITUOKHU
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15. BoiOepuTe 1Ba OCHOBHBIX KJjacca nepeMeHHbix B OpenMP

-001ne
-JIOKQJIbHBIE
-rJ1I00aJIbHBIE

-HC3aBHUCHUMBIC

16. B pe3yJjibTare BHINOJHEHUs] CIeAYyOLIedl MPOrpaMMbl Ha KOMIbIOTepe ¢ 4
SIIEPHBIM NPOLECCOPOM Ha 3KpaH OyayT BbIBeJdeHbl 4ucaa. Bnummre kaxnoe u3

yuceJ B 0TACJIbHOEC OKHO BBO1a

kinclude <stdio.h>
#include <omp.h>

int main()
{ =
int n=8;
omp_set _nested(1);
#pragma omp parallel num threads(2) reduction(+:n)

n=a;
#pragma omp parallel num threads(2) reduction(+:n)

{

¥

¥
printf{"%d ", n);
n = 8;
omp_set _nested(8);
#pragma omp parallel num threads(2) reduction(+:n)

n=1;

n=8;
#pragma omp parallel num threads(2) reduction(+:n)
1
n=1;
L

¥
printf{"%d ", n);

17. EcJin HeCKOJIbKO NMOTOKOB OJHOBPEMEHHO 3aNMCHIBAKT 3HAYeHHE 00IIeil
nepeMeHHOM 0e3 BbINOJHEHUSI CHHXPOHU3ALMHU, TO

-BO3HMKAET CUTYallMM «TOHKH JaHHBIX» (data race)

-BO3HHMKAET CUTYallMU HE Pa3JEICHHOTO JIOCTYyIIa

-B JJaHHOM CJIy4ad HET HUKAKUX OCOOCHHBIX CHUTYyaIuit
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18. B pe3yabraTre BBINOJHEHHS [AAHHOW NPOrpaMMbl HAa KOMIBIOTEpe C

BOCHMHUSIIEPHBIM MPOLECCOPOM CJIOB «Print» Oyner BbIBeeHO (BBECTH YU CIOM)

#include <stdio.h>»
#include <omp.h>

int main()

{

int n=1;

omp_set nested(1);

omp_set _num_threads(2);
#pragma omp parallel if (n»18)

printf({"Print ");
H

19. Inst BbIAC/ICHUSA HE3ABUCUMOM 3212494, KOTOPasi MOXKET
HCIOJHATHCS NapaJiieIbHO HCTI0Jb3YeTCsl AUPEKTUBA

#pragma omp task

#pragma omp section

#pragma omp doit

20. Kakoe makcumajibHOe ycKOpeHHe (ycKkOpeHHMe = Bpemsi Ha 1 saape / Bpems
HA N 1Apax ) BO3MOKHO B CJIeAYyH0LIeiil mporpaMMe MpH 3alyCcKe Ha KOMIbIOTepe ¢ 8

SI/IEPHBIM MPOIECCOPOM

vold sub a(float **a, float **b, float **c, float **d, int n, int m)

{
int i, j;
#pragma omp parallel shared(a,b,c,d,n,m) private(i,j)

#pragma omp sections nowait

#pragma omp section
for (i =1; i < n; i++)
1
for (3 = 8; J <= i j++)
N b[3101] = (=a[31[1] + al31[1 - 11) / 2.;
#pragma omp section
for (i =1; i < m; i++)
1
for (j =©; j <= i; j++)
d3104] = (c[31[1] + c[3I[1 - 1]) / 2.5

et et
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MakcuManibHOE YCKOPEHHE 3aBUCUT OT KOJIMYECTBA UCIIOIB3YEMBIX sJIep
MakcuMalibHOE YCKOpEHHE 8

MakcuManbHOE YCKOpEHHE 2

IIpuMepHBbIe BONPOCHI AJIA MOATOTOBKHU K 3a4eTy

1. Yro Takoe nmpouecc U NOTOK B COBPEMEHHBIX OIEPALMOHHBIX CUCTEMAX.

2. [Ins yero HEOOXOAMMa CUHXPOHU3ALMS B MHOTONIOTOYHBIX ITPOrpaMMax.

3. B KaKuX COCTOSIHUAX MOXKET HAXOJUTHCS MOTOK.

4. B pe3ynbpTare Kakux JICMCTBUI IMTOTOK MOXKET MEPEXOAUTH U3 OJTHOIO COCTOSIHHS B
Ipyroe.

5. Koria Heo6X01uMo MpUMEHSITh CHHXPOHU30BAHHBIE METO/IBI.

6. Kakue mpUMUTUBBI NMO3BOJISIOT OCYIIECTBUTH OOMEH COOOIIEHUAMH MEXIY
IIPOLIECCAMM.

7. IIpuMUTUBBI KOJUIEKTUBHOTO B3aNMOJIEUCTBUS MPOLIECCOB.

8. [IpuMHUTHBBI CHUHXPOHHU3ALHUH MEXKIY MPOLIECCAMMU.

9. JIupexTuBHI pacipeneiaeHust paboThl U CHHXPOHU3AIMH PaOOTHI.

10. PacnapayuieniiBanue BBIMOJHEHUS LIUKIIOB.

11. Pacnipenenenrie HECKOIBKUX CTPYKTYPHBIX OJIOKOB MEXIY MOTOKAMHU

12. Pacnipenenenuie paboThl HAa OCHOBE HE3aBUCUMBIX 3a/1a4

13. CuHxpOoHM3aLUsl BBIIOJIHEHUS PA3INYHBIX NOTOKOB. [IpocThie TUPEKTHBBI

14. BextopHble BeruncieHus ¢ nomoniso OpenMP 4.0

15. AHanu3 W onTUMHU3alUs T[POrpaMM C HUCIHOJb30BAHUEM COBPEMEHHBIX
KOMIIWJISITOPOB

16. Apxutextypa rpadudeckoro mnpoueccopa (GPU).

17. Bo3aMOXHbIe TPEUMYIIIECTBA BBIUUCICHUIN Ha TpauecKkoM Mmporieccope.

18. CpenctBa pa3paboTku Jj1s rpaduuecKoro mporeccopa.

19. 3akon Amuana.

20. Knaccudukanus BEIYUCIUTENBHBIX cucTeM DIIMHHA.
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IIpuMepHBIe BONPOCHI AJIs1 MOATOTOBKHU K IK3aMEHY

1. Ucropus mosiBIEHHsST MapajUIeIbHOM M BBICOKOIPOM3BOAUTENLHON  00pabOTKU
uH(popmanuu. CynepKOMIbIOTEPHI.

Knaccudukanus Beruncnurensubix cucreM dnunna. [Ipumepsi.

Texnonoruu napamnenn3ma. Knaccudukarms, npuMepsi.

[IpuHIMI MEpapXUUECKOW OpraHu3aluy MaMsITH B KoMmbtotepe. [Ipumepsl.
JlokanbHOCTb 110 OOpaieHuto. [[puHIMIB TOKAIBHOCTH MaMSITH.

AHaJIN3 3a1a4A YMHOXXEHHsI MaTPHII.

OcHoBHBIE cBeieHUs O crienudukanusx Hadopa ctanaapra OpenMP.

e A

JIupekTUBBI NapajuieabHOro nporpammupoBanust OpenMP.

9. Mogenu nmaMsITH U Ki1acchl nepeMeHHbIX B OpenMp.

10.PesxrMBI BBIITOJIHEHHSI MHOTOIIOTOYHBIX IIPOIPaMM.

11.Bnoxennsiil napauienusm B OpenMP.

12.IupexTuBbl pacupeaeneHuss 1 CMHXpoHu3auuu padotsl OpenMP

13.PacniapaiinenBanue BBINONHEHWs LMKIOB B OpenMP: nupexktMBa W NPUHLMII
OpraHu3aIiH.

14.Pacnipenenenne pabOThl Ha OCHOBE HE3aBUCUMBIX 3amad B OpenMP: nupextuBa u
IIPUHLUI OPraHU3aLUN.

15.CrHXpoHU3aIMs BBITOJHEHNS PA3IUYHBIX ITOTOKOB.

16.Pacnipenenenrie onepaTopoB OJJHOTO CTPYKTYPHOTO OJIOKa MEX]Ly HUTSMHU.

17.KonnpoBaHue 3Ha4YE€HNUI NPUBATHBIX IEPEMEHHBIX.

18.0OcHOBBI BeKTOpHU3aLIUH HCTIOJHSIEMOTo Kojia B OpenMP

19. JupexTuBbl 111 padOTHI C MapajuIeIn3MOM 10 AaHHBIM (BekTopu3anus) B OpenMP 4.0.

20.TexHOMIOTUM MapaUIEIbHOIO MPOTPaMMHUPOBAHUS ISl TpadUUECKUX MPOIECCOPOB
(GPU)

21.Python B pabore ¢ GPU: peanuzauuu OubGIMOTEK, CpaBHEHHE.

22.0OCHOBBI HEOJTHOPO/IHBIX (T€TEPOr€HHBIX) BEIUMCIICHUI.

23.YpoBHM napajuienbHOCTU B apxutektype GPU.

24.T'ereporennoe nporpammupoBanre Ha PyOpenCL u PyCUDA.

25.1Toctpoenne npuinoxenni npu nomou PyOpenCL u PyCUDA.
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26.0OcHoBbI TexHOJIoTUM MPI

27.0cnoBsl MPI st Python.

28.CHUHXpOHHBIE U ACHHXPOHHBIE MPUMUTHUBBI B3anMoerncTeus MPI.

29.0nepanuu tTiuna Touka-touka B MPI.

30.0mnepainuy KOJUIEKTUBHOTO B3auMoiericteust B MPI.

31.ITapannenbHblil aITOPUTM YMHOMXKEHHUSI MAaTPUIbI HA BEKTOp: peanu3anuu Ha MPL.
32.0mnepanuu coueTaHus MapajuiebHbIX PE3yJIbTaTOB BeuKciieHnii B MPL.

33.1IpuMUTUBBI CHHXPOHU3ALMHU MeX Ay npoueccamu B MPL
IIpumep 3K3aMeHAIMOHHOIO OUJIeTa

3apanume 1. Teopermueckuit Bompoc. JIMPEKTHMBBI paclpelneseHus U CUHXPOHM3ALHU

pabotel OpenMP (20 6annos)

3ananme 2. Ilpaktuueckuii Bompoc. PeamnszoBath ymHOXeHHE BeKTOpoB B Python,
Hanucath JaBe ¢yHkuuu peanuzanuu: 111 CPU um GPU (6m6mmorexka PyOpenCL).

CpaBuuts Bpems BeinonHenust CPU, GPU, kernel. (20 6annos)

3ananue 3. IlpaxkTudeckuii Bonmpoc. PeanuzoBarh QyHKIMIO YMHOXKEHUS BEKTOPOB B
Python, ¢ ucnonp3oBanuem 6ubmmotexkn mpidpy. CpaBHUTH BpeMsi BBITIOJIHEHUS QYHKITUN

C BpeMEHEM BbINOJHEHUs PyHKIMI U3 3ananus 2. (20 é6annos)

8. IlepeyeHb OCHOBHOM M IONOJTHUTEIbHOM Y4eOHOM JIUTEPATyPbl, HCOOXOAUMOM Il

OCBOCHHUSA NUCHUIIJINHBI

a) OCHOBHAS:

1. MansBko, A. A. IlapamienbHoe NPOrpaMMUPOBAHUE HAa OCHOBE TEXHOJIOTMI
openmp, mpi, cuda : ydeOHOe mocoOue ajig akajaeMudeckoro OakanmaBpuara / A. A.

9bC

MansaBko. — 2-e u3g., ucnp. u gon. — Mocksa : Opant, 2023. — 129 c.
FOpaitr.
— URL: https://biblio-online.ru/bcode/514199 (nata o6pamenus: 19.05.2023). — TekcrT :

3JIEKTPOHHBIN.
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2. Apsixos, C. b. [TapamiensHoe nmporpammupoBadue Haj o01ieit namsateio. OpenMP
: yuebHoe nocooue / C. b. ApwikoB, M. A. I'opoanuues, I'. A. [llykun. — HoBocubupck :
HI'TY, 2019. — 95 ¢. — DBbC Jlans. — URL: https://e.lanbook.com/book/152252 (nata
obpamenust: 19.05.2023). — TeKcCT : AIEKTPOHHBIH.

0) J1OMOJIHUTEIbHAS:

3. KapenoBa, E. JI. OcCHOBBI = MHOTOMOTOYHOTO W  MapajuIebHOTO
nporpammupoBanus: yueOnoe nocodue / E. JI. KapenoBa. — Kpacnosipck : Cub. denep.
VH- T, 2016. — 356 C. — 9bC ZNANIUM.com. —
URL.:
http://znanium.com/catalog/product/966962 (mata obOpamenus: 19.05.2023). — Texkcr :
3JIEKTPOHHBIN.

4. ®unatos, A. C. [lapannensHoe mporpaMMUpoBaHue : yueOHoe ocooue /

A. C. ®unatroB. — Mocksa : PTY MUPOA, 2021. — 46 ¢. — ObC Jlanp. — URL:
https://e.lanbook.com/book/218429 (nata obpamenus: 19.05.2023). — Tekcr :

AIIEKTPOHHBIN.

9. Ilepeyennb pecypcoB HHPOPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOM CeTH

«I/IHTepHeT», HGOﬁXOIlHMl)IX AJI OCBOCHHUA JUCHHUILIINHBI

1. http:/www.faru — odunuanbuelii cailt ®UHAHCOBOrO YHHUBEpPCUTETA NpU

[IpaButenbcTBe Poccuiickon Penepauun

2. http://www library.faru/ -  BubauoreyHo-MHOOPMALIMOHHBIA  KOMILIEKC

@uHyHHUBEPCUTETA

3. DnexktponHo-Oubnnoreynas cucreMa BOOK.RU http://www.book.ru

4. DeKTpOoHHO-OMOIMOTeUHas cucTeMa «YHUBepcHuTeTcKas oubmmoreka OHJIATH»
http://biblioclub.ru/

5. DnekTpoHHO-OMOIMOTEYHAs cucTeMa Znanium http://www.znanium.com

6. DIeKTpOHHO-O6HOIHOTeYHas cicTeMa m3narenbersa «FOPAW T https://urait.ru/

7. DneKTpoHHO-OUOIHMOTEUHAS cucTema W3/1aTeIbCTBA [Tpocnexr
http://ebs.prospekt.org/books

8. DmekTpoHHO-OMONMHMoTeYHas cucteMa uinarenasctBa Jlans https://e.lanbook.com/
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9. Jlenosas onnaitH-OubnnoTeka Alpina Digital http://lib.alpinadigital.ru/

10. DnekTpoHHas oubInoTeka N3 naTenbekoro aoMa «I'peOEHHUKOBY
https://grebennikon.ru/

11. Hayunas snextpoHHas oubnuoreka eLibrary.ru http://elibrary.ru

12. HantmoHanmbHas 2JIeKTpoHHass onbnmumoreka http://H36.pd/

13. https://org.fa.ru - TMUHBIN KAOUHET 00YYAIOIIETOCS

14. https://org.fa.ru/app/ebs/list - peectp 9bC dunancoBoro yHuBepcurera

15. https://openedu.ru/course/msu/PARPROG/ - onnaitH-kypc «CynepKOMIbIOTEPHI

U TapauieiabHas o0paOoTka MaHHBIX» Ha HalWOHANBHOW tuiathopme «OTKphITOE
oOpazoBanue» (kypc MI'Y um. M. B, Jlomonocoga)

16. https://mooc.tsu.ru/mooc-openedu/mpi/ -  ounaiH-kypc  «llapamnenpHoe

nporpaMMupoBanue ¢ wucnoiabzoBanueM OpenMP u MPI» na mnarpopme MOOK
ToMCKOro rocy1apCTBEHHOIO YHUBEPCUTETA

17. https://stepik.org/course/115024/promo?search=2147452613 -  oHIallH-KypC

«BBenenue B napamiensHoe nporpammupoBanne (OpenMP u MPI)» na nnatdopme Stepik

(Tomckwmit rocy1apcTBEHHBIN YHUBEPCUTET, albTepHATUBHAS TUIaT(Gopma)

18. https://teach-in.ru/course/parallel-computing-lukyanenko/lecture - oHmalH-KypcC

«ITapannenbHbie BhluucieHUs» Ha miarpopme «Jlexkrtopuit Teach-in» (eKUMU y4YeHBIX
MI'Y um. M. B, JlomoHocoBa)

19. https://campus.fa.ru/course/view.php?id=15769 — 6a3zosiii OYK no npucuuruivae

«Texnonornu napaaieapHOro nporpaMmMupoBanus» OUHAHCOBOTO YHUBEPCUTETA

20.  http://onreader.mdl.ru/PythonParallelProgrammingCookbook.2nd/content/index.

html - 3akkone JxaHkapio. KHura pemnentoB mnapajuIeIbHOTO MPOTPAMMHPOBAHUS
Python. 2e u3a. Copyright © 2019 Packt Publishing. /lokymeHT mpemocTaBisieTcsi 1o
munens3uu Creative Commons Attribution 3.0 License.

21.  https://registry.khronos.org/OpenCL/specs/3.0-unified/html/OpenCL_APILhtml -
The OpenCL™ Specification Khronos® OpenCL Working Group Version V3.0.14, Mon,
17 Apr 2023

22.  https://github.com/inducer - Andreas Klockner's web page PyOpenCL

23.  https://documen.tician.de/pyopencl/ - PyOpenCL’s documentation
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24.  https://pypi.org/project/mpidpy/ - Python bindings for MPI

25.  https://mpi4py.readthedocs.io/en/stable/index.html - MPI for Python

10. MeToxmqecmle YKazaHnusa AJist Oﬁy‘lalOH_lI/IXCﬂ 10 OCBOCHHIO JUCHUIIJINHDBI

[{eas MeTOAMYECKUX PEKOMEHIAIMN — 00ECIIeYNTh CTYACHTY OakayiaBpuara (1ainee —
CTYyICHTY) ONTUMAJbHYIO OpPraHH3allMi0 Ipollecca HM3y4YeHUs AUCHUIUIMHBI, a TaKXKe
BBITIOJTHEHUS PA3IUUHBIX ()OPM CaMOCTOSITEILHOM pabOTHI.

Memoouueckue pekomeHOayuu no U3y4eHuI0 OUCUUNIUHbBL

Crygentam HeoOXOJMMO O3HAKOMHUTBCS COJEpX)aHUEM paboyell MporpamMMmbl
mucuuIuinnbl (nanee — PIT), ¢ uensmu v 3agayaMu AUCITUILUIMHEL, €€ CBS3SIMU C JIPYTUMHU
JTUCITUTUTMHAME 00pa30BaTeNIbHON MPOTrpaMMbl, CITUCKOM PEKOMEHIOBAHHOM JIMTEpATypPhl
U TiepeuHeM pecypcoB cetu «MHTepHEeT», HeOOXOAUMBIMU I OCBOCHMS JMCIMIUIAHBIL.
Yacth pa3nenoB AWCIMIUIMHBI CTYJIEHTHI MOTYT OCBOUTH C TIOMOIIBI0 OECIIaTHBIX
OHJIAWH-KYpPCOB (C TMOJydeHHWeM cepTuUKaTa WIA WHOTO JOKyMEHTa 00 OKOHYAHWH),
YKa3aHHBIX B IEPEUYHE PECYPCOB. JIEKIINM, 3a1aHUs 1711 CEMUHAPCKUX U CAMOCTOSITEIIbHBIX
3aHSTUN, IPE3EHTALMU U IPYyTUe MaTepHUabl 10 JUCHUILIMHE, IPECTABICHHbIE B 0a30BOM
OVK no aucuumiivHe Ha oOpa3oBaTeidbHOM TmopTaie @OUHAHCOBOTO YHHBEPCHUTETA,
CTYAEHTBl M3y4alOT B IIPOLECCE OCBOCHMUS Kypca B TedeHHe ceMmecrpa. Ha canre
JenapTaMeHTa CTYACHTHl MOTYT O3HAaKOMHUTHCS B TEUYEHHE ceMecTpa C rpadukoM
KOHCYJIbTAllUM IIPEenogaBaTelIei.

Pexomenoayuu no no02omoexe K 1eKUUOHHbIM 3AHAMUAM
(meopemuueckuit Kypc)

N3yuenne auCHUIIIMHBI TpeOyeT CHUCTEMATHYECKOTO H  TOCIEA0BATEIILHOTO
HAKOIUICHHS 3HAHWH, CJIe0BAaTEIbHO, MPOIYCKH OT/EIbHBIX TEM HE MO3BOJISIOT ITyOOKO
OCBOUTH npeaMeT. IMEHHO MO3TOMY KOHTPOJIb Ha/l CUCTEMAaTUUECKON pabOTOM CTYyJEHTOB
BCErJ]a HAXOJUTCS B LICHTPE BHUMAaHMS JIeIapTaMEHTA.

JIeKuMOHHbBIE 3aHATHUS TPOBOISATCS B COOTBETCTBUU C TEMATUYECKUM IUIAHOM, IPHU
U3JI0KEHUH MaTeprajia peKOMEHIyeTCsl NCIIOIb30BaTh Mpe3eHTanuu B cpeae PowerPoint u
(dbparMeHThI IEYaTHBIX MATEPUAJIOB IO TEME JICKIIUU.

CryneHTaMm peKOMEHIyeTCs:
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- Tepea KaxJIoW JIeKIueld mpocMaTpuBaTh pabovyr0 MPOrpaMMy JAUCIHUILIIAHBI, YTO
IIO3BOJIUT COKOHOMHUTBH BPEMS Ha 3allMCBIBAHUE TEMBI JICKIIMM, €€ OCHOBHBIX BOIIPOCOB,
PEKOMEH1yEMOU JTUTEPATYPHI;

- Ha OTHEeJbHBbIE JEKUUU NMPUHOCUTHh COOTBETCTBYIOIIMWA MaTepuall Ha OyMasKHBIX
WU DJJIEKTPOHHBIX HOCHUTEISIX, MPEJICTABICHHBIM JIGKTOPOM Ha mnopraine. JlaHHBIM
MaTepuas OyJleT oXapaKTepu30BaH, MTPOKOMMEHTHUPOBAH, JOMOIHEH HEMOCPEACTBEHHO HE
JIEKI1H;

- Tepea ouepeHOMN JEeKIHeHd HEeOOXOIUMO MPOCMOTPETh MO KOHCHEKTY MaTepual
npenpaymiei eknun. [lpu 3aTpyiHeHUsIX B BOCIIPUSATUN MaTepualia clieyeT oOpaTUThCs
K OCHOBHBIM JIUTEPAaTypHBIM HCTOYHUKAM, €CIM pa30o0paTbCcsi B Marepuajie OIsITh HE
yAaJloch, TO oOpatuTech K JeKkTopy (mo Tpaduky ero KOHCyJIbTalMi) WIH K
IPernoaBaTesio Ha MPaKTUUECKUX 3aHATUsIX. He ocTaBisiiTe «OenbIX MATEH» B OCBOCHUU
Marepuana.

Pekomenoauyuu no nodzomoeke K npaKkmuiecKum (CeMuHapcKum) 3aHAmuAM

[IpoBeneHNE MPAKTUYECKUX 3aHATHI OCYILECTBIISIETCS B KOMITBIOTEPHBIX Kilaccax.

CryneHTaM clieayerT:

- NPUHOCUTHL C CcOo0OM Ha OyMaXXHBIX WJIM  DJIEKTPOHHBIX  HOCHUTEISX
PEKOMEHIOBAaHHYIO MTPEINOIaBaTEIEM JIMTEPATYPY K KOHKPETHOMY 3aHSTHUIO;

- J0 OYEpPEIHOr0 MPAKTUYECKOTO 3aHATUSA MO PEKOMEHJOBAHHBIM JIMTEPATYPHBIM
HMCTOYHUKAM MPOpadOoTaTh TEOPETUUECKUM MaTepHa, COOTBETCTBYIOIIEH TEMbI 3aHSTHUS,

- TP TMOATOTOBKE K MPAKTUUECKUM 3aHATHSAM CIIeyeT 0053aTeIbHO UCIOJIb30BATh
HE TOJBKO JICKIIMU, HO U JPYTYI0 YU4EeOHYIO JIUTEPATypy;

- B Hayaje 3aHATHM 3aJaTh MPENOIaBaTEN0 BOMPOCH! M0 MATEPUAITy, BBI3BABIIEMY
3aTpyJHEHUS] B €ro MOHMMAHUM U OCBOCHHMM, MpPHU PEUICHUWU 3ajJlay, 3aJaHHBIX JIs
CaMOCTOSITEJILHOTO PELICHUS;

- B XOJI€ CEMHMHAapa J1aBaTh KOHKPETHBIE, YETKUE OTBETHI MO CYIIECTBY BOMPOCOB;

- Ha 3aHATUU JIOBOJMTH KAXIYK 3aJady JI0 OKOHYATEIbHOIO PEUICHHS,
JIEMOHCTPUPOBATh TOHUMAHKE MPOBEJICHHBIX PACUETOB (aHAIM30B, CUTyalluii), B clydae

3aTpyAHEHHUI 00palaTbes K NpernogaBaTeto.
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Memoouueckue pexomenoayuu no 6bINOSIHEHUIO PAa3IUUHbBIX ¢opm
CaMOCMOAMENbHHIX OOMAUHUX 3A0AHU

CamocrosTenbHas padoTa CTYJEHTOB BKJIIOUAET B €€0Sl BBINOJHEHUE Pa3IM4YHOIO
posa 3agaHuii, KOTOpbIE OPUEHTUPOBAHBI Ha OoJjee IIyOOKOEe YCBOEHHE Marepuana
u3ydaemMol aucUMIUIMHBL. K BBINOMHEHUIO 3aJaHuil [Jii CaMOCTOSITENIbHOW paboThl
OPEeNbSABIAIOTCS  CIEAyIoIIMe  TpeOOBaHMS:  3aJaHMUsl  JIOJDKHBI  BBIIIOJIHSTHCS
CaMOCTOSITEJIbHO U TMPEJICTABISTHCA B YCTAHOBJICHHBI CPOK, a TaKK€ COOTBETCTBOBATH
YCTaHOBJIEHHBIM TPeOOBaHUAM 110 OPOPMIICHUIO.

CrynenTam ciienyer:

- PYKOBOJICTBOBAThCS Tpa)uKOM CaMOCTOSITEIHHOM paboThl, onpeaenennbiM PIT]I;

- BBINOJHATH BCE IUIAHOBBIE 3aJaHWs, BBIIABAEMBIC IIPENOJABATENIEM IS
CaMOCTOATEJILHOTO BBIIIOJIHEHUS, U pa30upaTh HA CEMUHAPAX U KOHCYJIbTALMIX HESICHBIE
BOIIPOCHI;

- HCHOJIb30BaTh MPHU IIOArOTOBKE HOPMAaTUBHBIE JTOKYMEeHTHl {duHAHCOBOTO
YHUBEPCUTETA;

- MpHU MOATOTOBKE K 3K3aMEHY NapajijieIbHO MpopadaThiBaTh COOTBETCTBYIOIINE
TEOPETHUUECKUE U IMPaKTUUYECKHE pa3AeNbl AUCHUILIUHBI, (UKCUPYS HESICHbIE MOMEHTHI
JUTst X 00CYKJICHHSI Ha TJIAHOBOM KOHCYJIbTAIIUU.

Memoouueckue pekomeHnoayuu no padome c aumepamypoii

JIrobast hopma camoCTOATETHLHON padOTHl CTyAEHTa (IMMOATOTOBKA K CEMHUHAPCKOMY
3aHATHUIO, BBIMOJIHEHUE PACYETHO-aHAJTUTUYECKON pabOThl, HAYMHAETCS C HU3Y4YEHUs
COOTBETCTBYIOILIEH JTUTEPATYPHI KaK B OMOJIMOTEKE, TaK U JOMA.

K kaxmoil teme y4eOHOM NMCUMIUIMHBI MOJ0OpaHAa OCHOBHAs W JOINOJHHUTENbHAS
JUTEPATYPA.

[Ipu pabote ¢ nuTepaTypoil peKOMEHAYyeTCs JAeaTh 3aIUCH. 3aliCch B TOW WJIM UHOU
(opMme He TOIBKO CIIOCOOCTBYIOT IOHMMAHHUIO U YCBOCHMIO M3Y4aeMOI'o MaTepuana, HO U
MIOMOTal0T BbIpaOaThIBaTh HABBIKM SIBHOTO M3JI0KEHHS B MUCHBMEHHON (QopMme Tex wiu

HNHBIX TCOPCTHUICCKHUX BOIIPOCOB.
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Memoouueckue ykazanus no npoeeo0eHur0 NPaAKmudecKux 3aHamuil

[Io cTpyKType TpaKTHUECKHE 3aHATHS CJEIyeT pas3leinTh Ha Yy4eOHbIE W
KOHTPOJIBHEIE.

Vuebnvie npaxmuueckue 3aHamus CTPYKTYPHO COCTOST U3 CIAEAYIOUINX KOMIIOHEHT:

— TMpOBEpKa HAJIWUMS BHITIOJTHECHHOTO 3aJJaHHsI CAMOCTOATEIHLHON PabOThI KaXI0TO
CTY/ICHTA,;

— BBIOOpOYHAS TPOBEPKA KOPPEKTHOCTH BBIMIOTHEHUS JOMAIITHETO 33 1aHNS;

— pa300p TUMUYHBIX OMHMOOK, BOSHHUKIIINX B CAMOCTOSITEILHON paboTe;

— PpacCMOTPEHHUE TEOPETUUECKUX BOIIPOCOB, CBA3AHHBIX C TEKYIIUM ITPAKTUYECKUM
3aHSTHUEM;

— pa300p METOJIOB BBIMOJHEHUS MPAKTUYECKUX 3aJJaHUI U PEIICHUS 3a]1a4;

— KOPPEKTUPOBKA 3aJ]JaHUM NI CAMOCTOATEIIbHOU pabOThI CTYACHTOB.

Konmponvuvie npaxmuueckue 3amamus CTPYKTYPHO COCTOST W3 CIEOYHOLIUX
KOMIIOHEHT:

— TPOBEACHUE ayAUTOPHBIX CAMOCTOSITEILHBIX padoT;

— TIOJIBEJICHNE UTOTOB U Pa300p TUIMHYHBIX OMMUOOK, BOSHUKIITUX TIPH BHITIOJTHEHUN
CaMOCTOSITeIILHBIX paloT.

CryaeHTsl JODKHBI OOpaTUTh BHUMAHWE Ha IMEpPEYEHb OCHOBHBIX KOHTPOJIBHBIX
MEpPOIPUSATUN, KOTOpPHIE TIPOBOJSTCS B COOTBETCTBMU C pabodeil mporpamMmon
JVCLUIUINHBI.

KonkpetHbie CpOKH MPOBEACHUS 3TUX MEPONPUATHI CBOCBPEMEHHO JAOBOAATCS 10
CBEJICHUS CTYJICHTOB.

11. Ilepeyenb MH(POPMALMOHHBIX TEXHOJOITMH, UCIOJIb3yeMbIX MPHU OCYIIECTBJICHUHU
o0pa3oBaTeIbHOI0 Mpouecca Mo JUCHHUILVINHE, BKJIKWYAs INepedyeHb He00X0auMOro

nmporpaMmMHoOro o0ecrnieueHUus U I/IH(l)OpMaIII/IOHHBIX CIIPAaBOYHBIX CUCTEM

11.1. KoMIIeKT JIMIIEH3UOHHOTO MPOrpaMMHOI0 00ECIICUCHHUS:
[Taker oducubix mporpamm (Astra Linux, Library Office u np.);
Antusupyc Kaspersky;
11.2. CoBpemenHble mnpodeccuoHanbHbIe 0a3bl JaHHBIX W HH(DOpPMAIMOHHBIC
CIIPaBOYHBIE CUCTEMBI:
Nudopmarnmonno-npaBoBas cucrema «Koncynbrant [Lmocy;
NudopmanmonHo-mpaBoBas cucreMa «l apanT»;

DnekTpoHHas YHIMKIonenus: http://ru.wikipedia.org/wiki/Wiki
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Cuctema komruiekcHOro packpeitus nHpopmanmu «CKPUH»: https://skrin.ru

11.3. CeprudunmpoBanHbple TpOrpaMMHBIE W amnmapaTHble CPEJICTBA  3alUThHI
uH(OpMaINK - HE PETyCMOTPEHBI.

11.4. 3wk mporpammupoBanusi Python 3.x B cpexe Windows, Oubimnorexku
PyOpenCl, mpidpy.

11.5. Tlmardopma Ui Hay4dyHBIX HCCIENOBAaHWUN, OCHOBAaHHAs Ha  SI3bIKE
nporpammupoBanusi Python, Anaconda.

11.6. Untepdeiic nmepenaun coodbmennit MS MPI https://www.microsoft.com/en-
us/download/details.aspx?id=100593

11.7. Komnunsarop g++ https:/www.msys2.org
11.8. OTKpBITHIN CTaHAAPT AJI paclapauleInBaHus MporpaMm Ha s3bikax Cu, Cut

+ 51 dopTpan OpenMP, peanu3anus TUTS KOMIWJISITOPA g+

https://packages.msys?2.org/package/mingw-w64-x86_64-openmp?repo=mingw64

12. Onucanue MaTepuaJbHO-TEXHHYECKOI 0a3bl, HEOOXOAUMOM /IJIsl OCYIIECTBJIEHUS

06pa30BaTean0ro nmpomecca mo IMCUMIIJINHE

MarepuanbHo-TexHudeckas 6a3za duHaHCOBOro yHUBEpCcHTETa, HEOOXOAMMAsS IS
OCYIIECTBIECHUS 00pa30BaTEIbHOIO Mpoliecca Mo JaHHOW JUCLUUIUIMHE, B COOTBETCTBUU C
tpeboBanusimu @OC BO Brimodaer B cebsi crieruanbHble MOMEIICHHS JUJIsl MPOBEICHUS
JEKIUN, CEMUHAPCKUX 3aHATUW, TPYIIOBBIX M HHAWBUIAYAIbHBIX KOHCYJIBTAIIMM,
TEKyLIErO0 KOHTPOJS M IPOMEKYTOYHOM aTTECTalUH; ITOMEIICHUS YKOMIUIEKTOBAaHBI
CHEeUaTU3UPOBAaHHON MEOEbI0 U TEXHUYECKUMH CPEICTBAMHU 00yUYeHUs, HEOOXOAUMBIMU
U1 TIpesicTaBiIeHHs UHpopMauy OOJIbIION ay JTUTOPHH.

[Tomemienuss s CaMOCTOATENbHOW pPaOOTHI CTYIEHTOB BKIIIOYAIOT B ce0s
OMONMMOTEeKYy C€  YUTAIbHBIM  3aJ0M, YKOMILUIEKTOBAHHYIO B  COOTBETCTBHUU C
CYIICCTBYIOIIUMH  HOPMaMH  HEOOXOJMMOW  y4eOHOM M y4eOHO-METOIUYECKOM
JUTEPATYypO W HWHBIMM MaTepHallaM{; MeIuMareKy ¢ BbIxogoM B HHTepHer,
KOMITBIOTEPHBIE KJIACCHI C BO3MOXKHOCTBIO paboThl B VHTEpHeT; ayauTopuu st

KOHCYHBT&HHOHHOﬁ ACATCIIBHOCTH.
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