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1. HauMeHoBaHHe JUCHUIIINHBI

«TexHonoruu napamieabHOr0 NPOrPaMMHUPOBAHUSY.

2. IlepeuyeHb MJIAHNPYEMBIX Pe3yJIbTATOB OCBOCHHUSI 00pa30BaTeIbHOH MPOrpaMMbl

(mepeyeHb KOMIETEHUMI) C

YRazaHueM HUHIANKATOPOB HUX JOCTMIKCHUSA H

IUVIAHUPYEMBbIX Pe3yJIbTATOB 00y4eHHs M0 JUCHMUILINHE

Kon HaumenoBanue Nuaukaropsl Pe3yabTarnl 00yyeHus (YyMeHUs U
KoMIIeTe KOMIIeTeHIIUH AOCTHKEHH S 3HAHUs1), COOTHECEHHbIE C
HIUHA KOMIIeTEeHIIUH HHIMKATOPAMH J0CTHKECHUS
KOMIIETeHIIUH
OIl «Ilpukaagnas uHpopMaTuKa
[TKTI-3 Crnocobnocts  mpu- | 1. JleMoHCTpHpyeT 3HaHWEe | 3HATHL TPUHIMIBI  OPraHU3alUN U
MEHSITh METOJBI pa3- | Ha3HaYeHUs] U (QYHKIUO- | QYHKIMOHUPOBAHUS  KOPIOPATHBHBIX
pabOTKM MpUIIOXKE- | HAJl THUIOBBIX MOAYJIEH | MHPOPMAIIMOHHBIX CUCTEM C yUETOM I1a-

HUW B cdepe IKOHO-
MUK 1 (PUHAHCOB Ha
wiatgopme  KOpHo-
patuBHBIX HH(pOpMA-
IIHOHHBIX CUCTEM

KOPIIOPaTUBHBIX ~ MH(OP-
MaIMOHHBIX CHUCTEM, OC-
HOBHBIE METOJbl pa3pa-
OOTKM NPUIOKEHUN Ha MX
mathopme

paJUIeNIbHBIX BBIYMCICEHUM, OCHOBHBIE
METO/Ibl pa3pabOTKU NPUIOKEHHUHN Ha UX
wiargopmMe ¢ MpPUMEHEHHEM TEXHOJO-
rMi [apajjIeNIbHOTO IPOrpaMMHUpPOBa-
HUS U paclpeieNICHHbIX BIYUCIICHUI;
YMeTh NpUMEHSTb COBPEMEHHbBIE Me-
TOJABI pa3paboTKU MPUIOKEHUH Ha Oc-
HOBE TUIIOBBIX MOAYJIEH KOPHOpaTHB-
HBIX MH(POPMAIMOHHBIX CUCTEM C HC-
IIOJIb30BAaHUEM TEXHOJIOTUH ITapajuIeiib-
HOT'O MpOrpaMMHpOBaHUS U pacmpene-
JICHHBIX BBIYMCIICHUN

2. Bnanmeer mertomonoruen
pa3pabOTKHU MPUIIOKEHUI B
chepe PKOHOMUKH U (-
HaHCOB Ha TIaTdopme
KOPIIOPAaTHUBHBIX ~ UHQOP-
MAalUOHHBIX CUCTEM

3HATH TPUHIMIBI TIOCTPOSHUS apXu-
TEKTYPBI POTPAMMHOTO O0ECTICUCHUS C
Y4eTOM TMapajie]bHbIX BBIUMCICHUNA B
chepe PKOHOMHUKHU 1 (PUHAHCOB Ha ILJIAT-
¢dbopMe KOpropaTUBHBIX HH(OPMAIIUOH-
HBIX CHCTEM; CTaHAAPTHI pacrapauieu-
BaHUs MPOTPaMM B CHUCTEMaxX C OOIIei
MaMATHIO U TIepeau COOOIICHHI B CU-
CTeMaxX C pachpeAelieHHOW MaMsThi,
JTUPEKTUBBL, (DYHKLINU, TEpEeMEHHBbIE
cpensl; cpeactBa pazpabotku aiis GPU;
MCTOABI M CPEACTBA IMPOCKTUPOBAHUA
MPOrPaMMHOTO OOeCTIeueHus sl BBICO-
KOITPOU3BOJUTCIIBHBIX U I'€TCPOTCHHBIX
CUCTEM

YMeThb NpUMEHATh COBPEMEHHBIE TOJI-
XOJbI U METOJIOJIOTHMH M3 O0JacTH TMa-
palICIbHBIX BEIUHCIICHUNA U nporpam-
MUPOBaHUS TIpU Pa3pabOTKe Ha IUIaT-
dhopme KopriopaTUBHBIX HH()OPMAITHOH-




HBIX CHCTEM TPHUIIOKEHUH B cepe rKo-
HOMUKA M (DHHAHCOB; WCIIOJIL30BATh
TEXHOJIOTUM M CYIIECTBYIONIUE THIIO-
BbIC DCIICHHS JUIS HPOSKTUPOBAHHS
MPOrPaMMHOTO OOECIICYCHHSI C yUETOM
napajuieNIbHbIX BEIYUCIICHHH, TAKHE, KaK
OpenMP nnst cuctem ¢ oOmiel mamsi-
110, MPI 1151 cucrem ¢ pacripeserneH-
Hoit namstero, PyOpenCl, PyOpenCuda
JUIS pacnapajuieIMBaHus MPOLIECCOB Ha
GPU

ITKII-5

CnocoOHOCTh  TIpH-
MEHSTh TEXHOJIOTUU
pa3paboTKu

HACTOJIBHBIX, Mo-
OuinbHBIX W Web-
MPUIIOKEHU I B

cdepe 3KOHOMUKH U
(¢uHaHCOB

1. JleMOHCTpHpYET 3HaHHE
TEXHOJOTMH  pa3padOTKH
HACTOJIbHBIX, MOOMJIBHBIX
u Web- npunoxenuit

3HATHL TEOPETUYECKHE OCHOBBI TpUMeE-
HEHHUS TEXHOJIOTMH  MapajuieIbHOTO
pOrpaMMHUPOBaHUsl TIPU  pa3padoTKe
HACTOJIbHBIX, MOOWIIBHBIX B WeD- mpu-
JIO)KeHHH B cepe SKOHOMUKH U (u-
HAHCOB

YMeTh NPUMEHSATh TEOPETUYECKUE OC-
HOBBI TEXHOJIOTUH MAPAJIIEIBHOIO MPO-
rpaMMHPOBaHUsT  TIpU  pa3paboTke
HACTOJIbHBIX, MOOWIIBHBIX B WeD- mpu-
JOXKeHHH B cepe SKOHOMUKH U (Hu-
HAHCOB

2. Bianeer HaBbIKaMu pas-
pabOTKM HACTOJBHBIX TPH-
JIO’)KEHUN B cdepe 3KOHO-
MUKHU 1 (pUHAHCOB

3HaTh TEOpPETUYECKHE OCHOBHI IpUMeE-
HEHMsI TEXHOJIOTUH  HapajjielbHOro
IPOrpaMMHUPOBAaHUS TpU  pa3paboTke
HACTOJIBHBIX MPUIOXKEHUH B chepe Ko-
HOMMKHU ¥ (MHAHCOB

YMeTb IIpUMEHATh TEOPETUUYECKHUE OC-
HOBBI TEXHOJIOTUH MapaAJIIEIBLHOTO MPO-
rpaMMHMpOBaHUsl  Tpu  pa3palboTke
HACTOJIBHBIX TIPUIIOKEHUH B cepe IKo-
HOMUKHU U (PMHAHCOB

3. Brageer HaBbIKaMu pas-
pabOTKM MOOMJIBHBIX MpH-
JIO’)KEHUH B cdepe 3KOHO-
MUKHU 1 (pUHAHCOB

3HaTh TEOpEeTHYECKHE OCHOBBHI TpUMeE-
HEHMsI TEXHOJIOTUH  NapajienbHOro
IPOrpaMMHUPOBAaHUS TpU  pa3paboTke
MOOWJIBHBIX MPUJIOKEHUHN B cepe KO-
HOMHKHU ¥ (PHAHCOB

YMeTb IpUMEHATh TEOPETUUYECKHE OC-
HOBBI TEXHOJIOTUH MapaJIEIBLHOTO MPO-
rpaMMMpPOBaHUS TIPH Pa3paboOTKe Mo-
OMJIBHBIX TIPUIIOKEHUH B cepe IKOHO-
MUKHU 1 (PUHAHCOB




4. Bnaneer HaBBIKaMH pas3-
paboTku Web- npuioxe-
HUH B cepe SIKOHOMHUKHU U
(uHaHCOB

3HaTh TEOPETUYECKHE OCHOBBI MPUME-
HEHHMsSI TEXHOJIOTUH  TapajielIbHOTO
IPOrPaMMHUPOBAHUS TIpU  pa3paboTke
web- npuoxeHuit B chepe IKOHOMHUKH
U (UHAHCOB

YMeTh IPUMEHSTh TEOPETHYECKUE OC-
HOBBI TEXHOJIOTUH MMAPAJIIEIBHOIO IPO-
rpaMMHUpPOBaHUs TpU pa3paboTke Web-
NPWIOKEHUH B cdepe SKOHOMHKH M
(UHAHCOB

OIl «MH:KkeHepHs JaHHBIX»,

OI1 «IIpukaaanbie HHGOpM
¢dunancax»

AIMOHHBIC CUCTEMbI B 9KOHOMHKE U

ITKH-3

CriocoOHOCTB TPOEK-
TUPOBATH U PEATH30-
BBIBATh APXUTEKTYPY
U U3aifH IporpaMM-
HOMW CUCTEMBI B COOT-
BETCTBUU C aHAIU-
30M 3a/layu U Tpebo-
BaHUM K HEU

1. JlemoHCcTpUpyeT 3HaAHUE
OCHOBHBIX aJTOPUTMOB U

3HATh COBpPEMEHHBIE MOJXO0/IbI, TEXHO-
JIOTUU U CPENICTBA Pa3pabOTKu i pea-

pyeT, cucTeMaTH3HpyeT W
aHanmu3upyer  (pyHKIHO-
HaJbHbIE M He(YHKIHO-
HaJIbHBIE TPEOOBAHUS K UH-
(dbopMallMOHHOI cucTeMe,
BBIOMPAET apXUTEKTYpHBIC
pelIeHHs Ha X OCHOBE

CTPYKTYp JaHHBIX, HC- | JM3alUH aJrOPUTMOB U CTPYKTYp JaH-

HOJNB3yeT Ha MPAKTHKE | HBIX METOJaMH MapaluieIbHOrO Ipo-

MPOCTBIC CTPYKTYPhI JaH- | FPaMMHpPOBAHUS

HBIX, OIICHUBACT CJOX- | YMeTh NMPUMEHITH COBPEMEHHBIC IMOJI-

HOCTh QJITOPUTMOB XOJIbl, TEXHOJIOTHH U CPEICTBa pa3pa-
OOTKHM Ul peaju3aliy alrOpUTMOB U
CTPYKTYp HAaHHBIX METOJAaMH Mapaj-
JIENIBHOTO [TPOrPaMMHUPOBAHUS

2. CobOwupaer, ¢opmynu- | 3HATHL TPUHIMIEI OpPraHU3AIUH |

GbyHKIIMOHATIbHBIE U HEPYHKIIMOHANb-
HbIe TpeOOBaHUS K MH(POPMALMOHHBIM
CUCTEMaM C Y4eTOM IapauleibHbIX BbI-
YHCIICHUH, TPUHITUITBI BEIOOpA apXUTEK-
TYpHBIX PELICHUH Ha UX OCHOBE C MpU-
MEHEHHEM TEXHOJOTHH MapayielbHOTO
IPOrpaMMUPOBAHUS U pacIpeIesIeHHBIX
BBIUMCIICHHI,

YwMmerb cobupath, (opMyIHpOBaATH, CU-
CTEeMaTU3UpOBaTh M  aHAJIH3UPOBATH
(byHKLIMOHATIBbHBIE U HE(PYHKIMOHAIb-
Hble TpeOoBaHUS K MHYOPMAIlMOHHBIM
CUCTEMaM C Y4E€TOM IapauleibHbIX BbI-
YHUCIICHUH, BBIOMPATh apXUTEKTYPHBIC
pelIeHHs] Ha UX OCHOBE C HCIIOJIb30Ba-
HHUEM TE€XHOJIOTHI MapajijIeIbHOrO Mpo-
rpaMMHMPOBAaHUSL M pacIpeesieHHbIX
BBIYMCIICHHUI




3. Co3naer 00BEKTHO-OPH-
€HTUPOBAHHBIM KOJ, WH-
KaICyJIUPYIOIIUN YCIOBHS
3a/a4d, MPOU3BOIUT Je-
KOMIIO3ULIMIO 3aJaud U
MIPOEKTUPYET CHUCTEMY B
npejenax OJHOW  ILIaT-
(hOpMBI UITH TEXHOJIOTUN

3HATH TPUHIUIIBI CO3JaHUS OOBEKTHO-
OPUEHTHPOBAHHOT'O KOJA C y4eTOM Ta-
paJIICIIbHBIX BBIYMCICHUH, JTEKOMITO3H-
WU 33J1a4¥ W TPOCKTHPOBAHUS CH-
CTEMBI B MpejaesiaX OJHOU MIaT(hOPMBI
WJIA TEXHOJIOTHH; CTAaH/IApThI pacrapai-
JIeTUBaHMs IPOTPaMM B CHCTEMax ¢ 00-
el maMsAThIO M TIEpeiavyu COOOIICHUI
B CHCTEMAax C paCHpPENEIICHHON mams-
THIO, JUPEKTUBBI, (DYHKIMH, IMepeMeH-
HBIC CPEIbI, CPEIICTBA Pa3pabOTKHU s
GPU; Meroasl u cpeacTBa MPOEKTHPO-
BaHUs IPOTPAMMHOTO 00eCTIeUCHHUST JIS
BBICOKOIIPOU3BOJIUTEIBHBIX M TETEpO-
TCHHBIX CUCTEM

YMeTh NMPUMCHSATh COBPEMEHHBIC TOJI-
XOJIbI U METOJIOJIOTHH M3 O0JIacTH Ta-
pPaJICIIBHBIX BBIYUCIICHUNA W TIPOTpam-
MUPOBaHHS TIPU pa3paboTke 00BEKTHO-
OpHUEHTUPOBAHHOTO KOJa, JIEKOMITIO3H-
UM 33J]a4d U TPOCKTHPOBAHUS CH-
CTEMBI B IpejesiaX OJHOU IIaT(hOPMBI
WA TEXHOJIOTUH; UCIIOJIh30BATh TEXHO-
JIOTUU U CYIIECTBYIOIINUE THIIOBBIE pe-
IICHUS JUIS TNPOCKTUPOBAHHS  TPO-
IPaMMHOTO OOECIICUeHUs C YIeTOM Ta-
paJTIENbHBIX BBIYMCIECHUHN, Takue, Kak
OpenMP st cuctem ¢ oOmiel mamsi-
10, MPI 117151 cuctem ¢ pacnpenenes-
Ho# mamsThio, PyOpenCl, PyOpenCuda
JUTSL pacriiapasieIMBaHus MPOIECCOB Ha
GPU

3. MecTo IUCHUILIMHBI B CTPYKTYpe 00pa3oBaTe/IbHBIX IPOrpaMMm

JucuurimHa

«TexHonornn mapamIEIbHOTO

nporpaMMupOBaHusA»  ABJIICTCA

aucuuiuHor [ukma nmpoduis (3yekTuBHBIN) Mo HanpasieHuto noaroroBku 09.03.03 -

ITpuxnagHas
uH(OpMaATHKAY,

(buHaHCax.

uH(popMaTHKa,

OIl «HMuxenepus

nanubix», OIl  «lIpuxnagHas

OIl «IlIpuxmanupie WHPOPMAINMOHHBIE CHUCTEMBl B DJKOHOMHKE H



4. O0bem AUCHUIIIINHBI (MOI[y.]IH) B 3a4Y€THBIX €¢IMHHUIIAX U B AaKAACMHUYECCKHUX Jacax C
BBIACJICHHUEM o0bema ayHHTOPHOﬁ (JICK]_[I/II/I, CeMI/IHapbl) H CAMOCTOATEIbLHOM paﬁoTbl

00y4arImuxcs

OIl «Ilpukaannas uanpopmaruka» / OIl «HxeHepusi nanubIxX», OII «IIpukaagHbie
HH(OpMALMOHHBIE CHCTEMbI B JKOHOMHKE U GUHAHCAX»

Ounas dhopma oOyueHus

Bun yuyeOHo# padboThl o Bcero Cemectp7/6
JUCIHMILIJIMHE (B 3/e m yacax) (B yacax)
OO0mas Tpy10éMKOCTb
Py 3/108 108
AUCHUTLTAHBI
Konmaxkmmnasn paooma -
” 50 50
AyoumopHnuvie 3anamusn
Jlekyuu 16 16
Cemunapul, npaxmuyeckue 3aHsAmust 34 34
Camocmosmenvnasn paboma 58 58
B KontponbHas KonTposbHas
U] TEKYILETO KOHTPOJIS
pabora pabora
Bun npomexxyTo4HOI arTecTanun 9K3aMeH / 3a4eT 9K3aMeH / 3a4eT

U ¢puHaHCAX»

OYHO-3a04Has popma oOyueHust

OIl «Ilpukaaanas ungopmaruka» / OIl «Ilpukiaagnbie nHGOPMAIHOHHBIE CHCTEMbI B IKOHOMHKeE

Bup yueOHoit padoThl o Bcero Cemectp 8 /7
JUCIMIIJIMHE (B 3/e 1 yacax) (B yacax)
O0mas Tpyn0éMKOCTh
Py 3/108 108
AUCHUTLTUHBI
Konmaxmmnuaa paboma -
o 34 34
Ayoumopnuie 3anamusn
Jlexyuu 16 16
Cemunapul, npakmuyeckue 3aHamusl 18 18
Camocmosamenvhnas paboma 74 74
B KonTtponbHas KonTposbHas
UJ] TEKYIIETO KOHTPOJIS
pabota pabota
Bun npomexxyTouHOM aTTecTanuu 9K3aMeH / 3a4eT JK3aMeH / 3a4eT




OIl «IIpukiaagabie UHGOPMALIMOHHBIE CHCTEMbI B IKOHOMHUKe U (PMHAHCAX»

WNucTuTyT OHTaliH-00pa3oBanus, 3a04Hast popma 00ydeHus

Bun yuyeOHo# padoThl o Bcero Cemectp 8
JUCIHMILJIMHE (B 3/e m yacax) (B yacax)
O01mast Tpy10éMKOCTH 3/108 108
AUCHUTLTAHBI
Konumaxkmmnasn paboma - 12 12
AyoumopHnuie 3anamus
Jlexyuu 4 4
Cemumnapul, npaxmuyeckue 3aHsAmus 8 8
Camocmosmenvhnan paboma 96 96
Bup Texymero KoHTpoJist KontporbHas KorrponsHas
paborta pabora
Bun npomexxyTouHOM aTTecTanuu 3auer 3auer

5. Copnep:xxaHue JMCUMILUIMHBI, CTPYKTYPMPOBaHHOe MO0 TeMaM (pa3aeiam)
AUCUMILUIMHBI C YKa3aHUEM UX 00beMOB (B aKaJleMUYEeCKHUX 4acax) U BUIOB y4eOHBIX
3aHATHH
5.1. Conep:kaHnue Q¥ CHUNINHBI
Paszgea 1. Beeaenne B «TexHo10rum napaajieibHOro NporpaMMHUPOBaHU».
Hcrtopust pazsutus napamenu3ma B apxutekrype 9BM. KongseliepHas obpaboTka
JTAHHBIX U KOMaHJ. MHOro(yHKIIMOHaIbHasE 00padoTKa nepudepuitHbIMU MPOIECCOPaAMHU.
Bekropnas oOpabotka. CynepkomibioTepbl. Kiaccudukaius BbIYUCIUTEIBHBIX CHUCTEM
®nuHHA. BhraucnuTenbHbIE CUCTEMBI ¢ OOIEH M ¢ pacnpenelieHHOW mamMsaThio. O030p
3a/a4, TpeOYIIIHUX CYNEepKOMMbIOTEpoB. TexHoyiornu mnapamienusma. Hepapxuueckas
opraHu3aiusl NmaMaTd B KommbioTepe. JlokambHOCTH 1O oOpaieHuto. AHanu3 3a7add

YMHOKCHUA MAaTPHUILI.

Pasznea 2. OcaoBbl OpenMP.

OcoOeHHOCTH TPOTPaMMUPOBAHUS MJIA CUCTEM ¢ oOmeld mamsatbio. [loHsaTue
mpoiiecca, MOTOKa W MHOromoToyHocTd. TexHonoruss OpenMP, ee ocobGeHHoctn u
KOMIOHEHTbl. OCHOBHbIE CcBeleHUs O crenudukanuax Habopa crapaapta OpenMP.
JIMpeKTUBBI TapaIeIbHOrO NIPOrpaMMUPOBaHMS. MOAENN NaMATH U KJIACChl TIEPEMEHHBIX
B OpenMp. Pe:xrMbl BBINOJHEHUSI MHOTOIIOTOYHBIX IPOTpaMM. Bi10KEeHHBIN apasuiennsm.
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Pasznen 3. lupekTuBBI pacnpeeeHus 1 CHHXpoHu3auuu padorst OpenMP.

PacnapanienuBanue BBIIOJHEHHUS IUKIOB. Pacmpenenenue paboThl Ha OCHOBE
HE3aBUCUMBIX 3a7a4. CHHXpOHM3a1Us BBINOJHEHUS Pa3INUHbIX IOTOKOB. Pacrpenenenne
OTEepaToOpoOB OJHOTO CTPYKTYpHOro Ojoka Mexay HuTsaMmHu. KomupoBaHue 3HaUYeHUI

IMPUBATHBIX IICPCMCHHDIX.

Pa3nen 4. OcHOBBI BeKTOPU3AIMKU UCIOTHsIEMOro koaa B OpenMP.
[IpoGnembl BekTopu3zanmu. CrocoObl BekTOpu3aluu. JUPEeKTUBBI At pabOThI C

napauieIM3MOM T0 TaHHBIM (BekTtopusanus) B OpenMP 4.0.

Pazgen S. TexHo10ruu napajnjiejibHOro NPOrpaMMHUPOBAHUA ISl TPaUIeCKUX
npoueccopos (GPU).

Bo3MoxkHblE mpenmylecTBa BBIUMCICHUNH Ha rpauueckoM mpoleccope. 3aaaya
KOMITBIOTEPHOM  BU3YalU3allMM TPEXMEPHBIX CLEH. ApXHUTEKTypa TIpaduyeckoro
nporeccopa (GPU). CpencrtBa pa3pabotku mis rpadudeckoro mporeccopa. Python B
padore ¢ GPU. OcHOBb HEOAHOPOJHBIX (T€TEPOTEHHBIX) BBIYMCICHUNA. YPOBHU
napasuiesnbHOCTH B apxutektype GPU. I'ereporennoe nporpammupoBanue Ha PyOpenCL.

[Toctpoenue npunoxennit npu nomoiu PyOpenCL u PyCUDA.

Paszgea 6. OcnoBbl Texnosorun MPI.

Oco0eHHOCTH TMPOTPaMMUPOBAHUS JiI CHCTEM C PpacCHpeleseHHONW MaMAThIO.
Texnonorus MPI. OcnoBet MPI Ha Python. CuHXpOHHBIE U ACHHXPOHHBIE MPUMHUTHUBBI
B3auMojencTBusa.  Omnepanuu  Thna  Toyka-Touka.  Omnepauuyd  KOJUIEKTMBHOTO
B3auMoeicTBus. [lapanienbHblil aIrOpUTM YMHOKEHHSI MaTpULbl Ha BekTop. Onepanuu
COYETAHUS NapaJUICIbHBIX PE3YIbTATOB BEIYUCIEHUN. [ [pUMUTHBBI CHHXPOHU3ALNY MEXKTY
nporneccamu. 3aKkoH Amaana. OUEHKHU NMpeIeIbHO BO3MOXKHOTO YCKOPEHHUS MapajlieIbHbIX

AJTOPUTMOB.



5.2. Y4yeOHO-TeMaTHUYECKUI IJIAH

OIl «Muxenepus nanuuix», OII «Ilpuxkiaagnas uHpopmMaTuka,

OII «IIpuxkiaagnbie ”HPOPMALMOHHbIE CUCTEMbI B IKOHOMMKE U (PMHAHCAX»

ouHas ¢opma 00yUdeHUsI

TpynoémMkocTh B yacax

KonTakTHas padora -

Ne HaumenoBanue Camoct | PopMbI TeKyIero
AynuTopHas paéora
/ TeM (pa3/eioB) OSITEJIbH KOHTPOJISt
Bcero CemuHapsl,
I JACHUATINHBI Oo6mag, | Jlekr HDAKTHICCK an ycneBaeMoCTH
B T.4.. uu P padora
Y€ 3aHATHS
CamocrosTenbHbIe
Beenenne B «Tex- paGotel. YyacTue B
1 HOJIOTUM Mapai- 12 4 2 5 8 pelieHur 3amad  Ha
" | IeTBHOTO Mporpam- NPAKTHYECKUX 3aHs-
MHPOBaHUS» THAX. O6CY)KZ[6HI/IC
pelIeHHbIX 3a/1a4.
CamocTosiTenbHbIe
paboThl. Yuactue B
CIICHUM 3a1a4 Ha
2. | OcuoBsl OpenMP 22 10 2 8 12 P A
NPaKTHYECKUX 3aHsi-
tusax. OOcyxkacHue
pELIEHHBIX 3a/a4.
CamocTosiTe/IbHbIE
JupekTuBsI pac- pabotbl. Yyactue B
3 | TIPeNenenus 1 CHu- 14 6 9 4 8 peleHny 3a1ad  Ha
" | XpoHHU3aIHMHK pa- NPaKTHYECKUX 3aHs-
6otel OpenMP tusax.  OOcyxaeHne
pELIEHHBIX 3a/a4.
CamocrosTenpHbIe
OcHOBBI BEKTOpH3a- paboThl. Yuactie B
CIICHUM 3a/1a4 Ha
4. | UM UCTIOJTHIEMOTO 14 6 2 4 8 p A
OnenMP NPAKTHYECKUX 3aHs-
KoAa B Upen tusax.  OOcyxaeHne
pelIeHHbIX 3a/1a4.
TeXHOJIOTHH Mapal- CaMocTOsTEIbHbIE
NTETBHOTO TIPOTPaM- pabotel. Yuactue B
CIICHUM 3a/1a4 Ha
5. | MupoBaHus IS 24 12 4 8 12 P A
NPaKTHYECKUX 3aHsi-
rpaduHecKux npo- tusax. OOCyx)ueHue
neccopos (GPU) pelIeHHbIX 3a/1ay.
CamocTosiTe/IbHbIE
pabotel. Ydacthe B
6 OCHOBBI TEXHOJIO- 29 12 4 8 10 pelleHny 3ajaad  Ha
| rum MPI MPAKTUYECKUX 3aHA-
tusax.  OOcyxkaeHue
pEIIEHHBIX 3aa4.
B 1etom 110 CormacHo  y4e0-
108 50 16 34 58 HOMY IUIaHY: KOH-
JTUCIUTUIMHE
TpOJIbHAs paboTa
Hroro B % 46 32 68 54




OII «IIpuxkiaagHass ”HPOPMATHKAY,

OII «IIpuxkiaagnbie ”HPOPMALMOHHbIE CUCTEMbI B IKOHOMHMKE H (PHHAHCAX»

OYHO-3a04Has (hopma OOyUCHHS

TpynoémkocTh B yacax

KonTakTHas padora -

Ne HaumenoBanue Camoct | @opMbI TeKy1IEro
AynuTopHas pabora
/ TeM (pa3/eioB) OSITEJIbH KOHTPOJISt
Bcero CemuHapsl,
I JAACHUATINHBI Oo6mag, | Jlekr HDAKTHICCK an ycneBaeMoCTH
B T.4.: 1705 P padora
Y€ 3aHATUS
CamocrosTenbHbIe
Beenenne B «Tex- paGotel. YuacTue B
1 HOJIOTUM Mapai- 14 4 2 5 10 peleHur 3amad  Ha
" | IeTBHOTO Mporpam- NPAKTHYECKUX 3aHsI-
MHUPOBaHUI» TUAX. O6CY)KI[6HI/IC
pelIeHHbIX 3a/1a4.
CamocTosiTenbHbIE
paboThl. Yuactue B
CIICHUM 3a1a4 Ha
2. | OcuoBsl OpenMP 20 6 2 4 14 P A
NPaKTHYECKUX 3aHsi-
tusax. OOcyxacHue
pPELIEHHBIX 3a/a4.
CamocTosiTenbHbIe
JIMpEKTUBBI pac- paGotel. YuacTue B
3 | TIPeNenenus 1 CHu- 16 4 9 5 12 peleHny 3aaad  Ha
" | XpoHHU3aIHMHK pa- NPaKTHYECKUX 3aHs-
6oter OpenMP tusax.  OOcyxaeHue
pPELIEHHBIX 3a/a4.
CamocrosTenbHbIe
OCHOBBI BEKTOpHU3a- pabori. Yaactue B
CIICHUM 3a/1a4 Ha
4. | UM UCTIOJTHIEMOTO 16 4 2 2 12 p A
OneaMP NPAKTHYECKUX 3aHs-
KoAa B Upen tusax. OOcyxIeHue
pelIeHHbIX 3a/1a4.
TexHONOrMH apall- CamocTosITeIbHbIE
HENBHOTO MPOrpaM- pa0Ootbl. YuyacTue B
CIICHUM 3a/1a4 Ha
5. | MupoBaHus IS 22 8 4 4 14 P A
NPaKTHYECKUX 3aHsi-
TpapHIECKHX Mpo- tisax.  OOcyxaeHne
neccopos (GPU) pEILIECHHBIX 3a/1a4.
CamocTosiTe/IbHbIE
paboTel. Yuactue B
6 OCHOBBI TEXHOJIO- 20 8 4 4 12 pelleHny 3ajJa4d  Ha
| rum MPI MPAKTUYECKUX 3aHA-
tusax.  OOcyxkaeHue
pEIIEHHBIX 3aa4.
B 1es1oM 110 CormacHo  y4e0-
108 34 16 18 74 HOMY IUIaHY: KOH-
JTUACITUTLTAHE
TpoJbHas paboTa
Hroro B % 31 47 53 69

10




OII «IIpuxkiaagnbie ”HPOPMALMOHHbIE CUCTEMbI B JKOHOMMKE H (PHHAHCAX»

HNucTuTyT OHNaitH-00pa3oBanus, 3a0uHas (opMa oOydeHus

TpynoémMkocTh B yacax

KonTakTHast padora-

Ne HaumenoBanue Camoct | PopMBbI TeKy1IEro
AynuTopHas paéora
/ TeM (pa3/esioB) OSITEJIbH KOHTPOJISt
Bcero CemuHapsl,
I JAACHUATINHBI Oo6mas, | Jlekr HDAKTHICCK an ycneBaeMoCTH
B T.4.: 1705 p padora
Y€ 3aHATUS
CamocrosTenbHbIe
Beenenne B «Tex- pabotel. Yuyactre B
1 HOJIOTUH napasi- 15 1 1 0 14 pelieHur 3amad  Ha
" | IeTBHOTO MpOrpam- NPAKTHYECKUX 3aHsI-
MHUPOBaHUI» TUAX. O6CY)KI[6HI/IC
pelIeHHbIX 3a/1a4.
aMOCTOSITCIIbHbIC
C
paboThl. Yuactue B
CIICHUM 3a1a4 Ha
2. | OcuoBsl OpenMP 20 2 1 1 18 P A
NPaKTHYECKUX 3aHs-
tusax. OOcyxkacHue
pPELIEHHBIX 3a/a4.
CamocTosiTenbHbIE
JIMpeKTUBBI pac- pabotel. Yuyactve B
3 | TIPeNenenns u CHH- 19 3 1 2 16 peleHn 3a1ad  Ha
" | XpoHHU3aUH pa- NPAKTHYECKUX 3aHS-
6oter OpenMP tusax.  OOcyxaeHne
pPELIEHHBIX 3a/a4.
CamocrosTenbHbIe
OCHOBBI BEKTOpHU3a- pabori. Yaactue B
CIICHUM 3a/1a4 Ha
4. | UMM KCTIOIHAEMOTO 15 1 0 1 14 P A
OpenMP NPAKTHYECKUX 3aHs-
kona B Up tusax.  OOcyxaeHne
pelIeHHbIX 3a/1a4.
TexHONOMMH Mapaj- CamocTosITeIbHbIE
HENBHOTO MPOrpa- pa0Ootbl. YuyacTue B
CIICHUM 3a/a4 Ha
5. | MupoBaHuUs IS 21 3 1 2 18 P A
NPaKTHYECKUX 3aHs-
rpaduIecKux mpo- tusx.  OO6Cy)IeHue
neccopos (GPU) pelIeHHbIX 3a/1ay.
CamocTosiTe/IbHbIE
pabotel. Ydacthe B
6 OCHOBBI  TE€XHOJIO- 18 2 0 5 16 pelleHny 3ajad  Ha
| rum MPI MPAKTUYECKUX 3aHA-
tusax.  OOcyxkaeHue
pEIIEHHBIX 3a/a4.
CormacHo  yu4e0-
B uenom no
B 108 12 4 8 96 HOMY IUIaHY: KOH-
JTUCITUTLTNHE
TpoJbHas paboTa
Htoro B % 11 33 67 89
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5.3. Conep:xaHne CeMHUHAPOB, NIPAKTUYECKUX 3aHATHI

HanmeHoBaHMe TeM
(pa3nesioB)
AHCHHUILINHBI

IlepeyeHb BONpPOCOB il 00CYK/AeHHUS HA
CEMUHAPCKHX, MPAKTHYECKUX 3aHATHUSX,
peKoMeHayeMble HCTOYHUKH U3 pa3jeioB 8,9
(Yxa3bIBaeTcsl pa3aes U NOPSIAKOBBIA HOMep
HCTOYHHUKA)

DopMbI IPOBEACHUS
3aHATHH

Beenenue B «Tex-
HOJIOTUM Tapai-

CynepKkoMITbIOTEPHI.
Knaccudukanus BeraucauTeabHbIx cucreM dauHHA.

[IpakTukym 1o pere-
HUIO 3a]a4 110 TEMaTHKE

JIeTBHOTO IPOTpaMm- 3aHATUS U KOJUIEK-
TexHonoruu napanienusma.
MHUPOBAHUSD) TUBHOE  OOCYXKJEHUE
Hepapxuueckas opranusanus HamMmsTH B KOMIIBIOTEPE. S
JIoKaIbHOCTH 110 OOPAIICHHIO. p
Huckyceus  «Cymnep-
AHanu3 3a71a4i yMHOKCHHSI MATPHII.
komnetotepsl — TOII
Pexomenoyemvie ucmounuxu: 8. 1-4
100: ananu3z»
Ocnossr OpenMP OcHoBHblE cBefeHUA O crneuudukanusx Habopa | [Ipaktukym no pere-
crannapta OpenMP. HUIO 3a]1a4 110 TeMaTHKe
JIMpEeKTUBBI TApAIIIETIEHOTO IPOTPAMMHUPOBAHUSI. 3aHATUS W KOJUICK-
Mopenu naMaTu U Kiaccel nepeMeHHbIx B OpenMp. | THBHOE  00CyXJeHUE
PeXrMBbI BBITIOTHEHUSI MHOTOTIOTOYHBIX IPOTPAMM. | pEIICHH
BrnosxeHHBIH mapaiienusm. BoinonHneHnue TecTOBBIX
Pexomenoyemvie ucmounuxu: 8. 1-4 3aIaHUI
JlpeKkTuBbI pac- | PacnapannenuBanue BBIMOTHEHUS LIUKIIOB. [IpakTukym mo permie-

npeacieHus M CUH-
XPOHU3ALUU  PAOOTHI
OpenMP

Pacnipenenenne paboThl Ha OCHOBE HE3aBHCHMBIX
3ajad.

CuHXpOHU3AIMS BHITIOTHEHUS Pa3IMYHBIX TOTOKOB.
Pacnpenenenue omnepatopoB OJHOTO CTPYKTYPHOTO
0JI0Ka MEX]Ty HUTSMHU.

KomnupoBanue 3HaueHM IPUBATHBIX MEPEMEHHBIX.
Pexomenoyemvie ucmounuxu: 8. 1-4

HHWIO 3aJa4 I10 TEMAaTHUKE

3aHIATHSIT U KOJUIEK-
TUBHOE  OOCYXJIeHHue
peleHni

BrinoiHeHne TECTOBBIX
3aJTaHUN

OcHOBBI  BEKTOpHU3a- [IpakTukym mno perme-
MM ucnojHsemoro | JlupekTuBbl 118 paOoThl € NapauIeTU3MOM IO | HHIO 33/1a4 110 TEMAaTUKe
kona B OpenMP naHHbIM (BekTopu3anus) B OpenMP 4.0. 3aHATUA U KOJIJIEK-
Pexomenoyemvie ucmounuxu: 8. 1-4 TUBHOE  0OOCYXJEHUE
peLIEeHUN
Texnonorun mapain- | Python B pabote ¢ GPU. IIpakTkym 1o perie-
nenbHOro  mporpam- | OCHOBBI  HEOJHOPOAHBIX  (TE€TEPOTE€HHBIX)  BbI- | HUIO 33/1a4 110 TEMAaTUKE
MHUPOBaHHUS JUISL | YACTIEHUH. 3aHATHST W KOJUIEK-
rpaduyeckux mporuec- | YpoBHH MapaienbHOCTH B apxurektype GPU. TUBHOE  OOCYXJEHUE
copos (GPU) I'ereporennoe nporpammuposanue Ha PyOpenCL. pelieHni

[TocTpoenne npunoxenuit mpu nomomu PyOpenCL n
PyCUDA.
Pexomenoyemvie ucmounuxu: 8. 1-4

BrimosaHenne TecTOBBIX
3aJaHuN

OCHOBBI TEXHOJIOTHH
MPI

OcnoBsl MPI Ha Python.

CUHXpOHHBIE U ACHHXPOHHBIE TPUMHUTHBHI B3aH-
MOJIECHUCTBUS.

Omneparuu TUIIAa TOYKA-TOYKA.

Onepanuu KOJUIEKTUBHOTO B3aUMO/ICUCTBUSI.
[TapannenpHbI aNTOPUTM YMHOKEHHUS MaTpHUIIbl Ha
BEKTOD.

IIpakTkym 1o pere-
HHUIO 3371a4 10 TEMaTHKE

3aHATHA W KOJUIEK-
THBHOE o0cyxIeHne
peLIeHni

BrimmosiHeHE TECTOBBIX
U KOHTPOJIBHBIX 3ajia-
HUHN
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Onepanuu co4yeTaHus NapauIeTbHBIX PE3yJIbTATOB
BBIYMCIICHU.
[TpyuMHUTHBBI CHHXPOHU3AIMH MEXTY MPOIICCCAMH.
Pexomenoyemvie ucmounuxu: 8. 1-4

6. IlepeyeHb yuyeOHO-METOAMUYECKOT0 oDecTedeHHs IS CAMOCTOSITEIbHON PadoThl

00y4Jaromuxcsi Mo JMCUUIIHHE

6.1. HepequL BOIIPOCOB, OTBOAUMBIX Ha CAMOCTOATE/IBHOC

(opMbI BHEAYAUTOPHOM CAMOCTOATEILHOU PA0OTHI

0CBOCHHE TUCHUII/IMHBI,

HaumeHoBaHmne TeM
(pa3aesoB) QM CHUTIIUHBI

Hepe'{eﬂb BOIIPOCOB, OTBOAMMBIX HA
CaMOCTOATEC/IbBHOC OCBOCHHC

®DopMbI BHEAYAUTOPHOM
CaMOCTOSITEJIbHOM PadoThI

Bseneunue B «TexHomoruu
MapajjieabHOro Mporpam-

Wcropus pa3BuTus napauiean3Ma B apXu-
TekType OBM.

Pabora ¢ TEKCTOM JIEKIUH,
pa30op BOMPOCOB U 3aJaHUI

CTEM C OO0IIIeH MaMsThIO.

[TonsTue mpouecca, NOTOKa U MHOIOIO-
TOYHOCTH.

Texnonorus OpenMP, ee ocobeHHOCTH U
KOMITOHCHTHI.

MUPOBAHHSD) KongeiiepHast o0paboTka MaHHBIX M KO- | [I0 TEME 3aHATHS;
MaH/I. U3y4eHUE PEKOMEHIOBaH-
MHoro¢dyHKIoHaTBHasE 00padoTKa Mepu- | HBIX K 3aHATHIO JUTEPATyp-
(bepuitHBIMU TTpOIIECCOpPaMHU. HBIX UICTOYHHKOB.
BekropHnas o6paboTka.
BerunciaurensHbple CUCTEMBI ¢ O0LIEH U ¢
pacrpeeIeHHON NaMsThIO.
00630p 3a1a4, TPeOYIOIMUX CYNEPKOMITbIO-
TEPOB.

Ocnosbsl OpenMP Oco6eHHOCTH POrpaMMUpPOBaHUs uid ci- | PaboTa ¢ TeKCTOM JeKIuw,

pazbop BOMPOCOB U 3aJIaHUI
IO TEME 3aHSTHS;
W3y4eHHEe PEKOMEH/IOBaH-
HBIX K 3aHSTHIO JINTEPATyp-
HBIX UCTOYHHUKOB.

JIMpeKTUBLI pac-
MIPEACIICHUS U CHH-
XPOHU3ALUHU paObOTHI
OpenMP

ITpumepsl 3a7a4, JOMYCKAIOUIUX pacrapai-
JIeTMBAHKE BBITIOJIHEHUS [IUKIIOB.
CpaBHenue 3(h(}eKTUBHOCTH pacrapajuie-
JMBaHUS IUKIOB (nupekthBa FOr) u pac-
npeneneHust paboThl HA OCHOBE HE3aBUCH-
MBIX 3aja4 (aupektuBa Task) Ha mpumMepe
pa3NUYHbIX 33]a4.

Paborta ¢ TexcToM JeKIuH,
pazbop BOMPOCOB U 3a/IaHUi
IO TEME 3aHSTHS;
W3y4eHHEe PEKOMEH/IOBaH-
HBIX K 3aHATUIO JIMTEpaATyp-
HBIX UCTOYHHUKOB.

OcHOBEI BCKTOpU3alIUN
HUCIIOJIHACMOTI'O KOJda B

OpenMP

[Ipobnembl BEKTOpHU3ALIUH.
CrniocoObl BEKTOpHU3aLUH.

PaGota ¢ TEKCTOM JIEKLIMH,
pazbop BOMPOCOB W 3aIaHUIA
10 TEME 3aHSATHS;
W3YYCHHE PEKOMCHJIOBAH-
HBIX K 3aHSTHUIO JTUTEpaTyp-
HBIX HCTOYHUKOB.

Texnonoruu napain-
JISIBHOTO TIpOTpam-
MUPOBAHUS IS
rpau4IecKux mpo-
ueccopos (GPU)

Bo3MmoxHBIE TPEUMYIIIECTBA BBIYMCICHUIN
Ha TpaduYecKoM MPOLECCope.

3ajaya KOMIIBIOTEpHOW  BHU3YalM3aluu
TPEXMEPHBIX CLEH.

ApxuTekTypa Trpaguueckoro Impoueccopa

(GPU).

PaGota ¢ TEKCTOM JIEKLIMH,
pazbop BOMPOCOB U 3aIaHUIA
10 TEME 3aHSATHS;
M3YYCHHE PEKOMCHJIOBAH-
HBIX K 3aHSTUIO JTUTEpPaTyp-
HBIX HCTOYHUKOB.
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CpenctBa pa3paboTku ajisi TpadudecKoro
poueccopa.

Ocuogsl Texnonorurt MPI | OcoGeHHOCTH TPOTpaMMUpPOBaHU [T CH- | PaboTa ¢ TEKCTOM JeKIuH,
CTEM C PaclpeAeICHHON MaMAThIO. pa3b0p BOIPOCOB U 3a/laHU
Texuomorus MPI. 110 TEME 3aHSITHUS;
3akoH AMJaia. U3y4E€HHE PEKOMEHJOBaH-
OneHky npefesibHO BO3MOXKHOIO YCKOpE- | HbIX K 3aHSATHIO JIUTEpaTyp-
HUS NApAJUIECIbHBIX AJITOPUTMOB. HBIX MICTOYHHKOB.

6.2. HepequL BOIIPOCOB, 3aI[aHHﬁ, TEM IJIA MNOATOTOBKH K TEKYIIEMY KOHTPOJIIO

IIpuMepHbIe 3a1aHUA KOHTPOJIbHOI Pa0d0ThI

3ananmue 1. [Tocie BBIMOMHEHNS BBIICICHHOTO MMAPAUICILHOTO YIacTKa B ITporpaMme
MIPOMCXOINT HEesIBHAS OapbepHas CHHXPOHU3AIMS MapauIeIbHO paboTaIONUX MOTOKOB. MxX
JanbHeIIee BHIMOJTHEHUE MPOUCXOJUT TOJIBKO TOT/Ia, KOT/Ia BCE OHU JIOCTUTHYT JaHHOU
Toukd. Ecmu B momoOHOM 3amepkKe HET HEOOXOIWMOCTH, OIIHS Nowait MO3BOJISIET
MOTOKaM, YXe JOUICANUM JO KOHI[A YYacTKa, MPOJOJDKUTH BBHINIOJIHEHHE 0e3
CUHXPOHU3AIIMU C OCTaJbHBIMU. Peanuzyiite mporpammy, WUTFOCTPUPYIONTYIO ONTUCAHHYIO
CUTYAIIHIO.

Peammsyiite mporpammy Ha C++ ¢ moakimodeHueM TexHojormun OpenMP, u
MIPOBEPHTE MOTYIaEMBbIN pe3yIbTaT, 000CHYHTE pe3yJbTaT B BHIBOJAX.

MOXHO HCTHOJB30BaTh KOMITMJISATOP g++ COBMECTHO C YCTAaHOBJICHHOW MJii HETO
peanuzanueir texuonorun OpenMP, mm6o IDE MS Visual Studio Community c
HacTpoiikamu, paspematomumu OpenMP, B cBoiicTBax mpoekTa, JMOO HCIIOIh30BaTh
moboi apyroit poctynHbii kommuiastop C++ ¢ OpenMP, B Tom 4mcie oOIadHBIN,

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

[Ipumep peanusauuu:
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https://www.codingame.com/playgrounds/54443/openmp/playground

#pragma omp parallel num_threads(4)
{

printf(“Mepea aupexTusoin single 6e3 nowait \n");
#pragma omp single

{

printf("B avpekTuse single \n");
}
printf("Mocne aupexkTusbl single 6e3 nowait. 3To coobuienne Hukorpa He GyaeT paHbwe npeasayumx \n");
#pragma omp barrier
printf("Mepen aupexTuBon single c nowait \n");
#pragma omp single nowait

{

printf("B aupexktuse single \n");

}

printf(“Mocne aupexkTussl single c no-wait. 3710 coobuweHne moxeT O6biITb paHbwe npeabiayuux \n");

3ananne 2. BBIMOJHATH YMHOXKEHHE MATPHIl, WCIOJB3YyS JIOObIC H3yYCHHBIE
TEXHOJIOTUU paclapayieIuBaHuss W yckopeHus BoiumcieHuin (OpenMP, Mpidpy,
PyOpenCL). CpaBHHUTb POU3BOIUTEILHOCTh MPOTPAMMBI JUISI MATPHUI] pA3HOTO pa3Mepa u
IIpH pa3HOM KoJindecTBe moTokoB (st OpenMP); pabounx npouecco (s MPI), s CPU

u GPU (ans PyOpenCL).

Kpumepuu 6annvnou oyenxu pasauynvix oopm mexyujeco KOHmpoJis ycnesaemocmu
co0epaHcamecs 8 COOmBEemcmeyIouwux Memooudeckux pekomenoayusax [lenapmamenma

AHAIU3A OAHHBIX U MAUUHHO2O 06)/7-187-!1/!}1.

7. @OHA OLEHOYHBIX CPEACTB /JIA MPOBEACHUS MPOMEKYTOYHON AaTTeCcTAlNH

Oﬁy‘laIOIIII/IXCﬂ no IMCIMIIJIMHE

[lepedyenr kommeTeHINH, (GOPMUPYEMBIX B TPOIECCE OCBOCHHS NUCIMILIMHEI,
cogepxutcs B pazaene 2 «llepeyeHbp IUIAHUpPYeMBIX Pe3yJbTATOB OCBOCHUSA
oOpa3oBaTeyibHOI MPOrpaMMsbl (epeveHb KOMIIETEHIUI) ¢ YKa3aHUEM UHAMKATOPOB

X JOCTHKCHUA U IVIAHUPYEMBbBIX PE3yJabTaTOB oﬁyqe}mﬂ Mo JTUCIUILJIMHEY.
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TunoBbie KOHTPOJIbHBIE 32IaHUA WJIN HHbIE MATEPUAJIbI, HEOOXOAUMBbIE JIJIfl OLleHKH
HHIMKATOPOB TOCTHKCHHUSI KOMIICTCHIIMH, YMEHUN U 3HAHUM

HaumenoBanue | Unaukaropsl 10- | Pe3yabrarbl 00yyenusi (yMeHusi | TunoBble KOHTPOJIb-
KOMIICTCHIUHM | CTHIKCHUsSI KOMIIe- | ¥ 3HAHHUs), COOTHECEHHbIE ¢ UH- HbI€ 32JaHHA
TeHUHH AUKATOPAMM JOCTHKEHUSI KOM-
NneTeHUHnH
OIl «IIpukaanHasi HHQpOpMaTHKa»
IIKII-3. Cmo- | 1. [emoHcTpupyeT | 3HATH NPHUHIMIIBI OPTaHU3alMU U | BBIMOJHUTE 00CienoBa-

COOHOCTBH TpH-
MEHSTh METOIbI
pa3paboTku
MPUJIOKEHUNA B
chepe  IKOHO-
MUKU U (UHAH-
COB Ha IUIaT-
dbopme  Koprio-
paTUBHBIX  WH-
(hopmMaImoHHBIX
CHCTEM

3HAaHHWE Ha3HAYCHUS
U (QyHKIIMOHAT TH-
MOBBIX  MOAYJIEH
KOPIIOPaTUBHBIX
UH(OpPMAITMOHHBIX
CUCTEM, OCHOBHBIC
METO/TBI paspa-
OOTKH MPHIIOKEHUN
Ha uX wiaropme

(GYHKIIMOHUPOBAHHS KOPIIOPATUB-
HBIX MH(POPMAIIMOHHBIX CHCTEM C
YYETOM MapaJUICIbHBIX BBIYHCIIE-
HUM, OCHOBHBIC METOABI pa3pa-
OOTKM MPUIIOKCHUN HAa WX TUIAT-
dbopme ¢ MPUMEHEHHEM TEXHOJIO-
Ui MapajulesIbHOrO MpOrpamMMu-
pOBaHMSI U pacIpeeiICHHbIX BbI-
YHUCICHUH;

YMeThb NMPUMEHSITh COBPEMEHHbBIE
METOJTbI Pa3pabOTKH MPUITOKEHHH
Ha OCHOBE TUIIOBBIX MOJYJIEH KOP-
MOPATUBHBIX WH(OPMAITMOHHBIX
CHCTEM C HUCITOJIb30BaHUEM TEXHO-
JIOTUM MapaJuIeIbHOrO MPOrpam-
MHUPOBAHUS U PacCHpeaeICHHBIX
BBIUHCIICHUH

HUE 3a/1a4 (HPUHAHCOBOTO
npeanpusTas «3era» B
COOTBETCTBUU
NPUHIUIIAMA  OpraHH3a-
UK MHGOPMAIIMOHHBIX
cucrteM. OIICHUTD 3a/1a4u
C TOYKH 3PCHHUS TPUME-
HUMOCTH  aJTOPUTMOB
napajyIeIbHBIX BBIYHCIIC-
HUH.

2. Bnageer metoJio-
Jorueit pazpaboTku
MIPUIIOKEHU N B
chepe SKOHOMHUKH
U (UHAHCOB Ha
maThopMe KOpIio-
paTuBHBIX HH(OP-
MAaIMOHHBIX CHCTEM

3HAaTh MNPUHIMIIBI T[TOCTPOEHUS
APXUTEKTYPHI IPOTPaMMHOTO
o0ecrieyeHuss € Yy4eToM Mapai-
JeTbHBIX BBIYUCICHUNA B cdepe
HSKOHOMHKH U (PMHAHCOB Ha IUIaT-
¢dopMe KOpHOpaTUBHBIX HHMOP-
MAalMOHHBIX CHCTEM; CTaHAAPThI
pacrapasuieIuBaHusl MPOTrpaMM B
cucTeMax ¢ o0Iei naMsaThIo U Ie-
penadu cooOIeHU B CUCTEMax C
pacripe/ielIeHHOW TaMAThIO, JH-
PEKTHBBI, PYHKIINH, TIEPEMEHHBIE
Cpelbl; cpesicTBa pa3padOTKU AT
GPU; meTomap! 1 cpencTBa mpoek-
TUPOBAHMS MPOTPAMMHOr0 obec-
MIEYEHUS JIIST BBICOKOIIPOU3BO/IH-
TEJIbHBIX U F€TEPOreHHBIX CUCTEM
YMeTh NMPUMEHSATh COBPEMEHHBIC
MOJXO/bl U METOJIOJIOTUH U3 00-
JacTH TapaJJIeTbHBIX BBIYKCIIE-
HUH W TNPOrPaMMHUPOBAHUS TPU
pa3zpaboTke Ha TIaTgopme KopIio-
pPaTUBHBIX UH()OPMAIIMOHHBIX CHU-
CTEM TIPUJIOKEHUU B cdepe dKo-

PeanuzoBath IMOCTAHOBKY

3aJaud, ajIropuT™M U
IporpaMmy pereHus
3a/1a4u o0paboTku

YCIIOBHBIX (PMHAHCOBBIX
JTAaHHBIX C TOMOUIBIO UTE-
pallMOHHOIO METOAa pe-
LIEHUSI CHUCTEMBI JIMHEH-
HBIX anreOpanyecKux
ypaBHeHuii (CJIAY) kak
YMHOXXEHHE MaTpHUIbl Ha
BEKTOp C MCIOJIb30Ba-
HUEM TEXHOJIOTUH Ta-
paJUIENBHOTO  MpOrpam-
MHUPOBAaHUS U pacmpene-
JICHHBIX BBIYHCIICHUM
(BO3MOXKHBIE TEXHOJIOTHU
JUTSt peanuzanuu
mporpammer:  C+H &
OpenMP | Python +
PyOpenCL | Python +
mpi4py)
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HOMUKUA U (PMHAHCOB; HUCIIOJIB30-
BaTh TEXHOJOTHUHU U CYIIECTBYIO-
M€ TUIIOBBIC PEIICHUS IS TIPO-
EKTUPOBaHUS MIPOrpPaMMHOTO
obOecrieueHUsT C y4eToM TMapai-
JICJIbHBIX BBIUMCIICHUM, TaKUE, KaK
OpenMP nns cucrem ¢ o0mel na-
Mmatbio, MPIl mis cuctem ¢ pac-
npeiesiecHHOW — mamsiTeio,  Py-
OpenCl, PyOpenCuda ms pacma-
paJlieiuBaHus  MPOIECCOB  Ha
GPU

[IKTI-5.  Coo-
COOHOCTH  TIpH-
MEHSTh TEXHO-
JOoTUU  paspa-
OOTKH HACTOJIb-
HBIX, MOOHIbL-
HBIX H  Web-
MPUIOKEHUN B
chepe  IKOHO-
MUKU U (UHAH-
COB

1. Jemoncrpupyer
3HAHHUE TEXHOJIOTHU

3HaTh TCOPCTUUCCKHUEC OCHOBLI
MMPUMCHCHUA TEXHOJIOT Ui mapaj-

Ornpenenursb
MCHTaJIbHbIC

HUHCTpPY-
cpelncTaa

pa3paboTku JETPHOTO  MPOrpaMMHPOBAHUS | MHOOPMAIIMOHHBIX TEX-

HACTOJBHBIX, MO- | IIPU pa3paOOTKEe HACTOJIBHBIX, MO- | HOJIOTHH JUIS peaju3a-

OWJIBHBIX W WeD- | OMiIbHBIX M WeD- TPUIOKEHUH B | IIMU IPOTPAMMBI TOCTPO-

HPUIOKEHUN cdepe YKOHOMUKHU 1 (PUHAHCOB enus (pakrana HerotoHa
YMeTh NpUMEHATh TeopeTude- | JJisl ypaBHeHHs X°-1=0
CKHE OCHOBBI TeXHOJIOTUH mapai- | O60CHOBAaTh NpPUMEHE-
JETPHOTO  MPOTPAaMMHPOBAHUS | HHE TEXHOJIOTHUH Tapai-
npu pa3paboTKe HACTOIBHBIX, MO- | JISIFHOTO MPOrPaMMHUPO-
OWJIBHBIX U WeD- mpunoxeHuit B | BaHMs TpU pa3paboTKe
cdepe SKOHOMUKHU 1 (PUHAHCOB HPUIOKCHUS.

2. Brnageer HaBbl- | 3HATh TeopeTHUYECKHE OCHOBHI | Peanns3oBath nocTa-

KaMd  pa3pabOTKH | MPUMEHEHHsI TEXHOJIOTUH Tapay- | HOBKY 3aJa4H, allTOPUTM

HACTOJIBHBIX — TIpU-
JoXeHul B cdepe
SKOHOMHMKH U (¢u-
HAHCOB

JENBHOTO  MPOTPaMMHPOBAHUS
MpH pa3pabOoTKe HACTOJIBHBIX TTPH-
JOXeHUH B chepe SKOHOMUKU U
¢uHaHCOB

YMeTh TpPUMEHATH TeopeTuye-
CKU€ OCHOBBI TEXHOJIOTHUU rnapaj-
JENBHOTO  MPOTPaMMHPOBAHUS
MpH pa3pabOoTKe HACTOJILHBIX TTPH-
JOXeHUH B cepe SKOHOMUKU U
(¢uHaHCOB

U HACTOJIBHOE IPUIIOXKE-
HHUE I PELICHU 3a]1a41
HoCTpoeHHus  (pakraia
Herorona 1 ypaBHeHHs
x3-1=0

[IpuMeHnTs B peElICHUN
3ala4d TEXHOJIOTMH Iia-
paJIeNIBHOTO  IIPOrpaM-
MUPOBaHUS.

3. Bnameer HaBEHI-
KaMHd  pa3paboTKu
MOOWJIBHBIX TPUIIO-
JKEHUH B chepe IKO-
HOMUKHA U (PUHaH-
COB

3HATh TEOPETHYECKUE OCHOBBI
MPUMECHECHHS TEXHOJIOTUH Tapali-
JENBHOTO  MPOTPAMMHPOBAHUS
pH pa3paboTKke MOOMIBHBIX TIPH-
JoXKeHu B cepe IKOHOMUKH U
¢buHaHCOB

YMeTh TPUMEHATH TeopeThue-
CKHE OCHOBBI TEXHOJIOTUI mapa-
JENBHOTO  MPOTPaAMMHPOBAHUS
pH pa3paboTKke MOOMIBHBIX TIPH-
JoXKeHu B cepe dKOHOMUKH U
(¢buHaHCOB

PeanusoBars ocTa-
HOBKY 3aJ1a4M, aJITOPUTM
U MOOWJIBHOE TIPHIIOXKeE-
HHUE I pEeLICHN 33a]1a41
nocTpoeHust  ¢paxraiga
HeroTona i1t ypaBHEHMS
x3-1=0

[IpuMeHnTH B peElICHUH
3ala4d TEXHOJIOTMH I1a-
paJIENIBHOTO  IIPOrpaM-
MUPOBAHUS.
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4. Bnaneer HaBbI-
KaMd  pa3paboTKu
web- nmpunoxenuit
B chepe SKOHOMUKHU
U (MHAHCOB

3HATh TEOPETHUYECKUE OCHOBBI
IPUMEHEHHs TEXHOJIOTUI mapail-
JETBHOTO  MPOrPaMMHPOBAHUS
npu paspabotke Web- mnpuioxe-
HU B cepe IKOHOMHUKH 1 (PHUHAH-
COB

YMerb NpUMEHATh TeopeTuye-
CKHE OCHOBBI TEXHOJIOTUH Mapail-
JETBHOTO  MPOrPaMMHPOBAHUS
npu paspadotke Web- mnpuioxe-
HUI B cepe IKOHOMUKH U (PUHAH-
COB

PeanuzoBars rmocra-
HOBKY 3aJ1a4H, JIFTOPUTM
u Web-npunoxxenue st
pemeHusl  3aadd  1o-
CTPOCHUS ¢bpakrana
HeroToHa 1uis ypaBHEHHS
x3-1=0

[IpuMeHUTh B peIICHUH
3a/1a4il TEXHOJIOTUU Ta-
paJUIeTBHOTO  TIPOTPaM-
MHUPOBaHHUSL.

OIl «Uu:xenepus nanubix», Ol «IIpukiaaabie HHGOPMALMOHHBIE CHCTEMbI B IKOHOMHUKE U

¢dunancax»
[IKH-3. Cmo- | 1. [emoHctpupyer | 3HaTh COBpEMEHHBIE NOIAXOJbI, | Peann3oBarh CTPyKTYypy
COOHOCTb MpO- | 3HAaHHE OCHOBHBIX | TEXHOJOTHH U CpeACTBAa | JaHHBIX U  AITOPUTM
€KTUpPOBAaTh U | aJITOPUTMOB U | pa3padoTKM JUIsl  pealn3alliy | YMHOXEHHUS BEKTOpPOB B
pCaN30BbIBAaTh | CTPYKTYP [aHHBIX, | alTOPUTMOB U CTPYKTYp HaHHbIX | Python, ¢ ucmomb-
apXUTEKTYpy U | UCIIOJIb3YET Ha | METOJaMM MapajuieIbHOrO0 MpO- | 30BAHUEM GPU
IU3aiiH IpOo- | IPAKTUKE MPOCTHIE | IPAMMHPOBAHUS (bubmuorexa PyOpenCL
rpaMMHOM  CH- | CTPYKTYphl ~ JlaH- | YMeTh NPUMEHATh coBpemeHHble | wim PyOpenCuda), mubo
CTeMbl B COOT- | HBIX,  OLIEHHMBAET | MOAXOJIbl, TEXHOJIOTUH U CPEICTBA | C UCIIOJIb30BaHUEM
BETCTBUH C aHA- | CJIOKHOCTh pa3paboTKu  Juisi  peanu3aiuu | OMOJIMOTEKU mpidpy.
JIM30M 3a/la4d U | AITOPUTMOB QITOPUTMOB U CTPYKTYp AaHHbIX | CpaBHUTH JiBa MeToJa
TpeOOBaHUH K MeTOJaMHU [apajuIeJIbHOrO | MapajiebHOro
Heil IPOrpaMMUPOBAHUS IpOrpaMMHUPOBAHMUSL.
2. Cobupaet, | 3HaTh NpuHIUILI opranu3auuu U | OnpenenuTts
bopmynupyer, (byHKINOHATIBHBIE " He- | cnenudukanuio
CHUCTEMAaTU3UpPYeT U | (QYHKIHMOHAJIbHBIE TpeOOBaHUS K | (PYHKITMOHAIBHBIX u
aHaJU3UpyeT MH(GOPMALIMOHHBIM CHCTEMaM C | He(yHKIIMOAHJIbHBIX
(GyHKIMOHATBHBIE | YYETOM  TMapalIeNIbHBIX  BBI- | TpeOOBaHUI K
U He(YHKLNO- | YACIEHUH, TNPUHLUUIBI BBIOOpA | MPHIOKEHUIO s
HalbHbIE  Tpebo- | apXUTEKTYpHBIx PEUICHHI Ha UX | pacueTa MIPOrHO3a
BaHUS K HHGOp- | OCHOBE c MPUMEHEHHEM | TIOrOfibl HA OCHOBaHHUHU 5
MaIMOHHOMN CH- | TEXHOJIOTHIl NapajuleIbHOTO | MAaTPHUI] UCXOIHBIX JIaH-
CTeMe, BBIOMpAeT | MPOrpaMMUPOBAHUS U | HBIX s TOYEK
ApXUTEKTYypHBIE pacripe/ielIeHHBIX BBIYUCICHUN; aTMochepsl Ha 4
pelieHUss Ha WX | YMeTb coOuparth, (GoOpMyiH- | BBICOTax, c
OCHOBE poBaTh, CHCTEMAaTHU3UPOBATh U | MPUMEHEHUEM
aHATM3UPOBATh QYHKIMOHATIBHBIE | TEXHOJIOTUI
)51 He(yHKIIMOHAJIbHBIE | MapalIeIbHOTO
TpeOoBaHUs K MHOOPMAIIMOHHBIM | MPOrPaMMHUPOBAHUS U
CUCTEMaM c YUETOM | pacHpelesIeHHbIX
napaieIbHbIX BBIUMCIICHUH, | BBIYMCICHUH.
BHIOMPATh apXHUTEKTypHBIE pe-

LIEHUSI Ha UX OCHOBE C HCIOJIb-
30BaHUEM TEXHOJIOTUWA mapal-
JIETLHOTO TIPOTrPaMMHUPOBAHUS U
pacrnpeIeIeHHbIX BHIYUCICHHI
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3. Co3zmaer 005b-
€KTHO-OPUECHTH-
POBaHHBIN KOJ, UH-

KarCyJIMPYIOIH
yCIIOBUSL  3a/ayd,
OPOU3BOIUT  Je-
KOMITO3HITUIO
3a1a4n u
MPOCKTUPYET  CH-

cTeMy B IIpefenax
OJTHOU TIaT(OpPMEI
WM TEXHOJIOTHU

3HATh  [PUHUUIBI  CO3JAHUSA
00BEKTHO-OPHUEHTUPOBAHHOTO
KOJa C YYEeTOM IapaliebHbBIX
BBIUKCJICHHH, JEKOMIIO3UIINH
3ajadyl M TMPOCKTUPOBAHUS CH-
CTeMBbl B  TMpeaenax  OJIHOM
mw1atGopMbpl WM TEXHOJIOTHH;
CTaHJapThl pachapajieiBaHUs
nporpaMM B CHUCTEMax C OOmIei
MaMSTBIO U Mlepelayu COOOLICHHIM
B CHCTEMax C pachpeaclieHHOM
NaMSAThIO, JTUPEKTUBBI, (YHKIINH,
MEPEMEHHBIC Cpelbl; CpE/ICTBa
paszpabotku 11 GPU; Meroas! u
CpencTBa MIPOCKTHPOBAHUS
MPOrpPaMMHOT0 OOecTieYeHHs! IS
BBICOKOITPOU3BOIUTEIIBHBIX "
TeTePOreHHBIX CHCTEM

YMeTh MPUMEHSTh COBPEMEHHBIE
MOAXOJMbI M METOJOJIOTHH U3
obnactu napauieNbHbIX
BBIUHCIICHUA ¥  TIPOrpaMMHUPO-
BaHMS TIPH pa3pabOTKe 0OBEKTHO-
OpPHUEHTUPOBAHHOTO KO/,
JEKOMIIO3HUIINH 3a1a4n u
MPOSKTUPOBAHMUSI  CUCTEMBI B
npeenax oJHOH iaTopMbl WK
TEXHOJIOTHH, UCIIOJIb30BATh
TEXHOJIOTUM H  CYIIECTBYIOIIHE
TUTIOBBIC pelIeHus TUTST
MPOEKTUPOBAHUSI TPOTPAMMHOTO
o0ecrieyeHUss C ydyeToM Ta-
palJIeNIbHBIX BBIYMCIICHHM, TaKue,
kak OpenMP s cuctem ¢ o0mmei
namateio, MPl gas cuctem ¢

pacrpeneneHHon MaMSThIO,
PyOpenCl, PyOpenCuda s
pacrapajuieIuBaHusl  MPOIECCOB
Ha GPU

Pazpaborath
HPUIOKEHUE IS
pacuera IIPOrHO3a
HOroJibl HA OCHOBaHMUU 5
MaTpHil UCXOIHBIX
JAHHBIX /7151 TOYEK aTMO-
cdepsl Ha 4 BBICOTAX, C
IPUMEHEHUEM
TEXHOJIOTUH
JeIIbHOTO
IIPOrPaMMHUPOBAHUS U
pacrpeieneHHbIX
BblunciieHU. [Iporuos
YCJIOBHO  BBINOJIHACTCS
Ha OCHOBAaHUU pEIICHUS
ypaBHEHUS 5x°+3x4-
7x3+2x2-8x+15=y, Irae x
— JlaHHbIE MAaTpHI] IO
Ka)KJI01 BEICOTE.
BeimonHuTe pa3paboTKy

napa-

C T[pUMEHEHHEeM Ta-
palIeNTbHBIX
BBIYMCIICHU I u
BbIOpaHHOW TEXHOJIOTHH,
takoi, kak OpenMP,
MPI, PyOpenCl wmm
PyOpenCuda JUISt
pacrnapauieTuBaHusI

npoueccos Ha GPU
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IIpuMepsl TECTOBBIX 3a1aHUM

1. Kakue nmoaxoanl, npuMeHsieMble B APXUTEKTYPaxX KOMIbIOTEPOB, MO3BOJISIIIN
MOBBICUTH UX NMPOU3BOAUTEIbHOCTD

-KoungeiiepHslii criocod 06paboTku

-HezaBucumbie pyHKIIMOHATBEHBIE YCTPOMCTBA

-BekTopHsbIe onepanuu BEpHO

-YMeHbIIIeHHE SHEPronoTpeOIeHHs

2. Kakoil nmpuHIMI OpPraHu3alvM NAMSITH HCIHOJb3yeTcsl sl odecmeveHus:
Tpe0yeMoOil €MKOCTH U BbICOKOI0 OBICTPOJAECTBUA MNAMATH KOMIbLIOTEpa 3a
NpHUeMJIEMYIO IIEeHY

-HTeHCUBHBII

-OKCTCHCUBHBIN

-MacmrabupyemocTu

-HUepapxnueckuii

3. Camblii MUHUMAJIbHBIH 110 00bEMY THII IAMATH, HO U CAMbIH ObICTPBIN 3TO
-Peructpel HeHTpaIbHOTO IpoLECCOpa

-Ksu1 nepBoro ypoBHs

-OnepaTuBHas MaMSTh

-Kom1 HyneBoro ypoBHs

4. 1ns1 3pPeKTUBHOTO NCIOIb30BAHUS HEPAPXUUYECKON CTPYKTYPbI NAMATH NIPH
HANMCAHUM MPOTrPAMM HEe00X0IMMO HCII0JIb30BATH

- [IpuHIUIT TOKAIBEHOCTH 110 00PAIICHHUIO

- [IpunIUTIBI 00BEKTHOTO-OPUEHTUPOBAHHOTO MPOrPAMMUPOBAHUS

- [Ipunnun coyyaitHoro oOparieHus

- [IpyHIMIT MaJIEHBKUX JAHHBIX
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5. Kinaccupurkauuss @JIUHHA OCHOBBIBAETCS HA
-Ha MTOHATUU MMOTOKA

- Ha TIOHSTUU JEKOMIIO3UIIUN TAHHBIX

-Ha 0COOEHHOCTAX MPOLECCOPOB

-Ha 0COOEHHOCTSX opraHu3aluvu IamMsAaThu

6. SISD 3T0

- OIMHOYHBIN TOTOK KOMAaH/I ¥ OMHOYHBIN TOTOK JaHHBIX

- MHOKECTBEHHBIN IIOTOK KOMaH/{ ¥ OJMHOYHBIN ITOTOK JaHHBIX
- OJIMHOYHBIN ITOTOK KOMAaHJI 1 MHOKE€CTBEHHBINM [IOTOK JaHHBIX

- MHO>XE€CTBEHHBIN ITOTOK KOMaH/I 1 MHO>XECTBECHHBIN ITOTOK JaHHBIX

7. Kakme ABAa KPYIHBIX KJacca Hnapa/ui€JibHbIX BBICOKOIPOMU3BOJAMUTEC/IbHBIX
BbIYUC/IUTCIBHBIX CHCTEM MOYKHO BI)IIICJIHTI)?

-BBIYHMCIIMTCIIbHBIC CUCTCMBI C O6H.ICI>1 IIaMATBIO

-BBIYUCJIIMTCIIbHBIC CUCTCMEI C pacnpez[eneHHoﬁ IHaMATBIO

-BBIYHCIIMTENILHBIC CHCTEMBI C OYEHB OOJILIIINM 00BEMOM OHepaTHBHOﬁ namMsiaTu

- BBIYMCJIIMTCIIbHBIC CHCTCMBI C BOAAHBIM OXJIAXKICHHUCM

8. Kakue wu3 HJTHX TEXHOJOrHH TO3BOJIAIOT co31aBaTb Iapa/liiI€/IbHBbIC
NnporpamMMbl

- OpenMP

- MPI

-Pascal

-Parallel

9. MHOIronmoTO4YHOCTH 3TO
- CBOMCTBO TUIaTGOPMBI WM TPHIOKEHHS, COCTOSAIIESE B TOM, 4YTO IIpOIieCC,
MOPOXKIEHHBI B OMNEPAllMOHHONW CHCTEME, MOXKET COCTOSITh M3 HECKOJIBKHX TMOTOKOB,

BBIITOJIHAIOMIUXCA «IapaJlJICIIbHO», TO €CTh oe3 MMpeAIIMCAaHHOTO IIOPsJaKa BO BPEMCHU.
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- CBOWCTBO ILIEHTPAJIBHOTO MPOIECCOpa aBTOMATUYECKU BBINOJHITH MPOrpaMMBbl
Cpa3y B HECKOJIbKO MOTOKOB
- CBOMCTBO KOMITUJISITOPA MO3BOJISIFOIIME CO3/IaBaTh MapalijielIbHble MHOTOTIOTOKOBBIE

IIPOTPAMMBL.

10. TexHoJiorusi napajuiejbHoro nporpammupoBanus OpenMP Bkirouaercs B
ceds

-IUPEKTUBBI KOMIIUJIATOPA

-OuOIMoTEeUHbIE PYHKINN

-IIEPEMEHHBIE CPEABI OKPYKEHUS

-HapaJIHCHBHBII;'I KOMITHJIATOP

11. Jloisa co3nanusi napajiejbHbIX nporpamm B OpenMP npumensiercss mojaenb
NPOrpaMMHUPOBAHMS

-PasserBnenue-causaue (Fork—join)
-JlexoMTIO3UIHS 110 TaHHBIM

-I'maBHbIi moqunHeHHBIH (Master-slave)

12. BbiOepute KOX B KOTOPOM CO3[aeTc NapajjiejbHas 00JacTb ¢ 5
JAOTMOJIHUTEJIbHBIMH MOTOKAMY BbINOJTHEHUS

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

{
}

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

pragma omp parallel shared(a,b,c) num threads(6)
#pragma omp for
for (int 1 = @; 1 < n; 1++)

{
}

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

{
h

13. Caenywumuii ¢pparMeHT KoAa 3aNYyCTWJIM HA KOMIbIoTepe ¢ 8 siiepHbIM

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

MPOLECCOPOM

CkoJbKO0 pa3 OyaeT BbIBe/IeHO ¢JI0BO Print?

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

int main{)}

1
printf("Printin");
#pragma omp parallel num_threads(18)

printf{"Printyn");

¥
#pragma omp parallel num_threads(2)

{ printf{"Print\n"};
printf({"Printin"};
h
14. Kakoe 3HaueHUe nMepeMeHHOI n OyJeT BbIBeleHO HA IKPaH B cjeayloniei

nporpaMMe npu 3anycke Ha KOMNbIOTepe ¢ 4-X A/IePHBIM Npoueccopom?

#include “stdio.h”
#include "omp.h"

int main()
1
printf(“Print\n");
int n = 3;
#pragma omp parallel num_threads(48)

n+=1;

¥
printf{"n=Rd", n);
h

3HaYeHUE HE OMPEACIICHHO, OT 3allyCKa K 3alyCKY MOKET MEHSThCS
[Iporpamma He 3aIyCTUTCS, TaK KaK TTOTOKOB OOJIBIIIE YEM sIIep
3HayeHue 43 OyAeT BbIBEICHO

[Iporpamma HE CKOMIUIUPYETCS U3-32 CAHTAKCUUYECKON OIUOKH
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15. BoiOepuTe 1Ba OCHOBHBIX KJIacca nepeMeHHbIXx B OpenMP

-001I1e
-JIOKAJIbHBIE
-r100aIbHBIE

-HC3aBHUCHUMBIC

16. B pe3yJibTare BBINOJHEHUS CJIeAyIolIeii MPOorpaMMbl Ha KOMIbIOTepe ¢ 4
siIEPHBIM TPOIECCOPOM HA 3KpaH OyAyT BbIBeleHbl 4Yuc/aa. Bnumure kaxmoe u3

YHucea B 0TACJIBbHOC OKHO BBO/1Aa

kinclude <stdio.h>
#include <omp.h»

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

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

{

¥

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

n=1;

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

L
printf{"%d ", n);

17. Ecan HeCKoJIbKO NMOTOKOB OJHOBPEMEHHO 3aNMCHIBAIOT 3HaYeHHe 00meil
nepeMeHHOH 0e3 BbINOJHEHUSI CHHXPOHM3ALMHU, TO

-BO3HHMKAET CUTYallMM «TOHKH JTaHHBIX» (data race)

-BO3HUKAET CUTyallu HE Pa3eJIeHHOro J0CTyma

-B JIAHHOM CJTy4ad HET HUKAKUX OCOOCHHBIX CHUTYaIlul
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18. B pe3yabraTe BBINOJHEHHUS] [JAHHOW NPOrpaMMbl Ha KOMIbIOTepe ¢

BOCHMHSA/IEPHBIM NPOLEccOpoM c10B «Print» OyaeT BbiBeAeHO (BBECTH YHCIOM)

#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 ");
}
19. I[JISI BbIACJICHUA He3aBHCHUMOM 3aaviu, KoTopasi MOKET UCITOJIHATbLCH
mapajajaeJIbHO UCITOJIB3YETCH ITUPEKTHBA
#pragma omp task
#pragma omp section

#pragma omp doit

20. Kakoe makcuMaJ/ibHOe yCKOpeHue (yckopeHHe = BpeMs Ha 1 siipe / Bpemsi Ha
n AApPax ) BO3MOXKHO B CJIeAyHOlleil mporpamMMe NpH 3alyCKe HA KoMIbioTepe ¢ 8

SIZIEPHBIM MPOLECCOPOM

void sub_a(float **a, float **b, float **c, float **d, int n, int m)

1
int i, 7J;
#pragma omp parallel shared(a,b,c,d,n,m) private(i,j)

#pragma omp sections nowait

#pragma omp section
for (1 =1; 1 < n; i++)
1
for (3 =0; J <= 1; j++)
N b[31[1] = (=[31[1i] + a[jl[i - 1]) / 2.;
#pragma omp section
for (1 =1; 1 < m; i++)
1
for (3 =0; J <= 1; j++)
d[31[1] = Cc[31[1] + <[JI[1 - 1]} / 2.;

et et

25



MakcumanbHOE YCKOPEHHE 3aBUCUT OT KOJMYECTBA UCIIOJIB3yEMBIX SIIEP
MakcuMalibHOE YCKOpEHHE &

MakcumanbHOe YCKOpEHHE 2

HpHMeprIe BOIIPOCHI IJIA MMOATOTOBKH K 3a4Y€Ty

1. Yto Takoe mpolecc U NOTOK B COBPEMEHHBIX ONEPAIMOHHBIX CUCTEMAX.

2. 1151 yero HeoOXoAMMa CHHXPOHHU3AIIM B MHOTOTIOTOYHBIX MPOTPaMMax.

3. B Kakux COCTOSIHHSIX MOKET HAXOAUTHCS TTOTOK.

4. B pe3ynbTaTte KakuxX JCUCTBUI MOTOK MOXKET MEPEXOAUTh U3 OJHOTO COCTOSIHUSA B
apyroe.

5. Korna He00X01MMO MPUMEHSTh CHHXPOHU30BAHHBIE METO/IbI.

6. Kakue NpuUMUTHBBI TO3BOJISIIOT OCYIIECTBUTH OOMEH COOOIICHUSAMH MEXKITY
MPOIECCAMH.

7. IIpuMUTUBBI KOJJIEKTUBHOTO B3aUMOJIEUCTBUS MPOLIECCOB.

8. [IpuMUTHBBI CHHXPOHU3ALUHA MEXKTY MPOIIECCaMHU.

9. IupekTuBbl pacupenesieHus: paboThl 1 CUHXPOHU3AIUHA PA0OTHI.

10. PacmapasnienuBaHue BBITIOJHEHUS ITUKIIOB.

11. PactipeenieHre HECKOJIBKUX CTPYKTYPHBIX OJIOKOB MEKY MOTOKaMU

12. Pacnipenenenre paboThl HA OCHOBE HE3aBHCHUMBIX 3a/1a4

13. CunxpoHU3a1Msl BHIMOTHEHUS PA3IMYHbIX TOTOKOB. [IpocThie TUPEKTUBBI

14. BexTopHbie Beruncienus ¢ nomoiisio OpenMP 4.0

15. AHamu3 W ONTUMHU3AIMS MPOTPAaMM C UCIOJIB30BAaHUEM COBPEMEHHBIX
KOMIHUJISITOPOB

16. Apxutekrtypa rpadguueckoro npoueccopa (GPU).

17. Bo3MokHBIEC TPEUMYIIIECTBA BHIYUCICHUIN Ha rpad)idecKOM IPOIIeccope.

18. Cpenctsa pazpaboTku aJist rpaduuecKoro mporeccopa.

19. 3akon AMpaana.

20. Kimaccudukanys BBIYUCIUTEIBHBIX crucTeM DIMHHA.
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IIpumepHbIe BONPOCHI AJIs1 NOATOTOBKH K IK3aMeHY

1. Vctopust mOSBICHUS MapalieIbHOW UM BBICOKOMPOM3BOAMTEIHHOW 00pabOTKH
uHpopMaruu. CyrnepKkoMIbIOTEPHI.

Knaccudukanus BeranciantensHeix cucreMm Onunna. [Ipumepsi.

Texnonoruu napamienuszma. Knaccudukanus, npumepsl.

[TpuHIMD MEpapXUYECKOM OPraHU3aluy NaMsATH B KoMibroTepe. [IpumMepsl.
JlokansHOCTH 1O OOpamieHuo. [ IpUHIMIBI TOKAaTbHOCTH MAMSITH.

AHanu3 3a1a41 yMHOKEHHSI MaTPULL.

OcHoBHEBIE cBe/ieHUs O crienupukanuiax Habopa ctanaapta OpenMP.

JlupekTuBsl napauieabHoro nporpammupoBanus OpenMP.

© © N o g B~ w DN

Monenu naMaTy U KJacchl nepeMeHHbIx B OpenMp.

10.PeXuMBI BBITIOJTHEHUST MHOTOITOTOYHBIX ITPOTPaMM.

11.Bnoxxennsit napaenusMm B OpenMP.

12. JIupeKkTuBbI pacrpeaesieHust 1 CHHXpoHu3auu padbotst OpenMP

13.PacnapanyienBaHie BBIMONHEHUA [UKIOB B OpenMP: nupexktuBa W MpHHIMI
OpraHU3alluu.

14 Pacripenenenne pabOTHl Ha OCHOBE He3aBUCHMBIX 3amad B OpenMP: nupekTtnBa u
MPUHITUT OPTaHU3AIUH.

15.CunxpoHH3aIMs BBHITTOJHEHUS] PA3JIMYHBIX TTOTOKOB.

16.Pacnpenenenne onepaTopoB OJHOTO CTPYKTYPHOTO OJI0Ka MEXKAY HUTSIMHU.

17.KonupoBaHue 3Ha4YeHUN IPUBATHBIX IEPEMEHHBIX.

18.0OcHOBBI BEKTOpHU3AIMHU UCTIONHsIeMOro kojaa B OpenMP

19. {upekTuBbl 111 pabOThI ¢ MapaAJICTU3MOM 0 JaHHBIM (BekTopu3aius) B OpenMP 4.0.

20.TexHONMOTUN TAPAILIETBHOTO TMPOTPAMMUPOBAHUS IS TPAPUUIECKUX MPOIIECCOPOB
(GPU)

21.Python B pabore ¢ GPU: peanu3zaiuu 6uOIMOTEK, CpaBHEHUE.

22.0OCHOBBI HEOJTHOPOJHBIX (T€TEPOTEHHBIX ) BEIYUCICHUM.

23.YpoBHM napajuieabHOCTU B apxuTekType GPU.

24 .T'ereporennoe nporpammupoBanue Ha PyOpenCL u PyCUDA.

25.IToctpoenue npunoxxenuit mpu nomoiu PyOpenCL u PyCUDA.
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26.0cHoBbI TexHOMOTHU MPI

27.0cuoBel MPI nis Python.

28.CUHXpOHHBIEC U ACHHXPOHHBIE MPUMUTUBBI B3auMozeiicTBuss MPI.

29.0meparuu Tumna Touyka-touka B MPI.

30.Omneparuu KOJJIEKTUBHOTO B3auMoiecTBrs B MPI.

31.I1apamnenbHbli aITOPUTM YMHOXKEHUSI MAaTPHIILI HA BEKTOpP: peanu3aiuu Ha MPI.
32.0Onepanuu coueTaHus mapauieabHbIX pe3yIbTaToB Beuuciaenud B MPI.

33.IIpuMUTHBBI CHHXpPOHHU3AIIUN MEXKTy nporieccamu B MPI.
IIpuMep IK3aMeHALIHOHHOI0 OMJIeTa

3apanue 1. Teopernueckuii Bompoc. [IMpeKkTHBBI pacupenciieHUuss U CHUHXPOHU3ALUU

pabotel OpenMP (20 6annos)

3aganue 2. IlpakTmueckmii Bompoc. Peanm3oBath ymHOXeEHHE BekTOpoB B Python,
Hanucath ABe pyHkuuu peanusaimn: 111 CPU nu GPU (6ubmmotexka PyOpenCL). CpaBHUTS

Bpems Beinoaenust CPU, GPU, kernel. (20 é6annos)

3aganue 3. [lpakTuyeckmii Bonmpoc. Peann3oBaTh (yHKIIMIO YMHOXXEHHUS BEKTOPOB B
Python, ¢ ucnosnp3oBannem oudmorekn MPi4py. CpaBHUTH BpeMs BBIMOJIHEHUS (YHKIIHH

C BpeMEHEM BbINOJIHEHU PyHKIMI U3 3a1anus 2. (20 dannoe)

8. IlepeueHb OCHOBHO U J0NOJIHUTEIbHON YUeOHOI JuTepaTypbl, HEOOX0AUMOI IS

OCBOCHHUSA NHUCHUIIJINHBI

a) OCHOBHASI:

1. Mamsasko, A. A. IlapamnenbHoe NPOrpaMMUPOBAHHWE HAa OCHOBE TEXHOJIOTHI
openmp, mpi, cuda : ydeObHOe mocoOue mjig akajaeMudeckoro OakamaBpuata / A. A.
MautsiBko. OBC KOpaiir.
— URL.: https://biblio-online.ru/bcode/514199 (nata oopammenus: 19.05.2023). — Tekcr :

2-e u31., uctp. u non. — Mocksa : FOpaiit, 2023. — 129 c.

BJICKTPOHHBIM.
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2.  Apsikos, C. b. [lapannensHoe nporpamMmmupoBanue Haj oOuieit namsateio. OpenMP
: yaebHoe mocodbwue / C. b. ApsikoB, M. A. 'opogauues, I'. A. lllykun. — HoBocubupck :
HI'TY, 2019. — 95 ¢. — OBC Jlans. — URL.: https://e.lanbook.com/book/152252 (nata
obpamenus: 19.05.2023). — TeKCT : 37K TPOHHBIH.

0) 1OMOJTHUTEIbHASA:

3. KapenoBa, E. JI. OcHOBBI = MHOTOMOTOYHOIO W  MapajuIebHOTO
nporpammupoBanus: yueonoe nocodue / E. JI. Kapenosa. — Kpacnosipck : Cub. @enep. yH-
T, 2016. — 356 c. — ObC ZNANIUM.com. — URL:
http://znanium.com/catalog/product/966962 (mara oOpamenus: 19.05.2023). — Texkcr :
3JIEKTPOHHBIN.

4, ®unatos, A. C. [TapannensHoe mporpaMMHUpOBaHUE : yueOHOe mocodue / A.
C. ®umaroB. — Mocksa : PTY MUPDA, 2021. — 46 ¢. — OBC Jlaas. — URL.:
https://e.lanbook.com/book/218429 (nata oOpamienus: 19.05.2023). — Texer :

ANEKTPOHHBIN.

9. IlepeueHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHHUKAIMOHHOI ceTu « UHTEpHETY,

HGOﬁXOI{I/IMbIX AJIA OCBOCHUA JUCHHUILINHBI

1. http://www.fa.ru — odunmuanbHbii caiT OUHAHCOBOIO YHHMBEpPCHUTETA MPHU

[IpaBurenscTBe Poccuiickoit deaepanun

2. http://www.library.fa.ru/ -  bubmuoreuHO-MHGOPMAIIMOHHBIA  KOMILJICKC

OuUHYHUBEPCUTETA

3. DnexTpoHHo-O0ubmMoreunas cucreMa BOOK.RU http://www.book.ru

4. DIeKTpOHHO-OMOIHOTeYHas cucTeMa «YHUBepcuTeTckas oudmuoreka OHJIAVH»
http://biblioclub.ru/

5. DnexTpoHHO-OubIMoTeUHas cucteMa Znanium http://www.znanium.com

6. DieKTpOHHO-GHOIMOTeUHAs cucTeMa u3zaTebersa «FOPAUTY https://urait.ru/

7. DAEKTpOHHO-OMOIMOTEeUHAS cucTeMa U3aTEILCTBA [Tpocnekr
http://ebs.prospekt.org/books

8. DnexkTpoHHO-OMONMMOTEeUHAas cucTeMa u3aarenabcTBa Jlans https://e.lanbook.com/
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9. JlenoBas onnaiH-O6mOmmoTeka Alpina Digital http://lib.alpinadigital.ru/

10.2nexTpoHHas onbnuoTeka N3narensckoro aoma «I"peOeHHUKOBY
https://grebennikon.ru/

11.Hayunas snexktponHas 6unbnuoteka eLibrary.ru http://elibrary.ru

12.HammonanwHas 3aekTpoHHas oubnnoTeka http://H36.pd/

13. https://org.fa.ru - muaHbBI KaOMHET 00YYArOIIETOCS

14. https://org.fa.ru/app/ebs/list - peectp D5C ®rHAHCOBOTO YHUBEPCUTETA

15. https://openedu.ru/course/msu/PARPROG/ - ornaita-kypc « CynepKoOMIbIOTEPHI U

napajiesnibHass 00pa0oTka JaHHBIX» Ha HalmoHaIbHOW 1IaTdhopme «OTKpBITOE
obpazoBanuey» (kypc MI'Y um. M. B, JlomoHocOBa)

16. https://mooc.tsu.ru/mooc-openedu/mpi/ -  ommaiiH-kypc  «IlapamiensHoe

nporpammupoBanue ¢ ucnoiabzoBanuem OpenMP u MPI» na mnarhopme MOOK Tomckoro
roCy1apCTBEHHOI'O YHUBEPCHUTETA

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

«Benenue B mapamienbHoe nporpammuposanue (OpenMP u MPI)» Ha miatdopme Stepik
(ToMckuii TOCYIapCTBEHHBIN YHHBEPCHUTET, aJIbTePHATUBHAS TUIATPOpMa)

18. https://teach-in.ru/course/parallel-computing-lukyanenko/lecture - onmaitH-KypC

«[TapannenbHbie BeuuciaeHUs» Ha miargopme «Jlexkropuit Teach-in» (Jdexuuu y4deHbIX
MI'Y um. M. B, JlomoHOCOBa)

19. https://campus.fa.ru/course/view.php?id=15769 — 6a3oBbiii DYK 10 mucrurimae

«TexHonoruun mapajyiCJIbHOTO IIPOIrpaMMUPOBAHUA MOUHAHCOBOTO YHUBCPCUTCTA

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

html - 3akkone J>xankapio. Kaura pementos mapauiebHOTO porpamMmmupoBanus Python.
2e u3a. Copyright © 2019 Packt Publishing. JlokymMeHT mpeaocTaBiseTcsl MO JUICH3UN
Creative Commons Attribution 3.0 License.

21.  https://reqistry.khronos.org/OpenCL/specs/3.0-unified/html/OpenCL_API.html -
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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https://org.fa.ru/
https://org.fa.ru/app/ebs/list
https://openedu.ru/course/msu/PARPROG/
https://mooc.tsu.ru/mooc-openedu/mpi/
https://stepik.org/course/115024/promo?search=2147452613
https://teach-in.ru/course/parallel-computing-lukyanenko/lecture
https://campus.fa.ru/course/view.php?id=15769
http://onreader.mdl.ru/PythonParallelProgrammingCookbook.2nd/content/index.html
http://onreader.mdl.ru/PythonParallelProgrammingCookbook.2nd/content/index.html
https://registry.khronos.org/OpenCL/specs/3.0-unified/html/OpenCL_API.html
https://github.com/inducer
https://documen.tician.de/pyopencl/

24.  https://pypi.org/project/mpidpy/ - Python bindings for MPI
25.  https://mpidpy.readthedocs.io/en/stable/index.html - MPI for Python

10. MeToauyeckue yKazaHusi AJsi 00y4aOIIUXCH M0 OCBOCHHUIO TUCIUILIMHBI

[lens MeToAMYECKUX pEeKOMEHAAINI — 00ecTeunTh CTyAeHTY OakanaBpuara (Janee —
CTYJIEHTY) ONTHUMAJIbHYIO OpPraHU3ALMI0 IMPOLECCAa H3YyYEHUs AUCIUIUIMHBI, a TaKXKe
BBITIOJIHEHHUS PA3IUYHBIX (POPM CaMOCTOSITEIbHON PabOTHI.

Memoouueckue pekomeHOauuu no U3yueHuro OUCYUNIUHbL

CrygeHtam HeoOXOIMMO O3HAKOMHUTBCS COJAEpKAHMEM paboyedl MporpamMmMsl
mucruiuingbl (nanee — PITJI), ¢ nensMu 1 3ajayaMul JUCIUIUIMHBI, €€ CBS3SIMU C JIPYTUMU
JUCLUIUIMHAMHU 00pa30BaTeIbHOM MPOTPaMMBbI, CIIMCKOM PEKOMEHJ0OBAaHHOM JTUTEPATypPhI U
nepevyHeM pecypcoB ceTu « IHTepHeT», HeOOXOAMMBIMHU JJI1 OCBOCHHUS TUCIMIUIMHEL. YacTh
pa3zIesoB JUCUUILUIMHBI CTYJEHTHI MOTYT OCBOUTH C TOMOIIBIO OECIUIATHBIX OHJIAMH-KYPCOB
(c monmyueHueM ceptudukaTa Uik THOTO TOKYMEHTa 00 OKOHYAHHH ), YKa3aHHbBIX B IIEpEUHE
pecypcoB. Jlekunu, 3a0aHust 111 CEMUHAPCKUX U CAMOCTOSITEIBHBIX 3aHATUN, ITPE3EHTALIUN
U JIpyrue MaTepualisl 0 AUCIUIUIMHE, IpeicTaBlIeHHbIe B 0a3oBoM DYK no aucummivHe
Ha o0Opa3oBaTeabHOM TOopTaje DOUHAHCOBOTO YHUBEPCUTETA, CTYACHTHl H3y4aloT B
IIPOLIECCE OCBOCHMS Kypca B TeueHue cemecrpa. Ha caiite nenmapramenTa CTyAEHTBI MOTYT
03HAKOMHUTHCS B TEUEHUE ceMecTpa ¢ rpa)uKoM KOHCYJIbTAI[Mi MpenojaBaTesiei.

Pekomenoayuu no noozomogke K 1eKUUOHHHIM 3AHAMUAM
(meopemuueckuii Kypc)

N3yyenne [UCHMIIMHBI TpeOyeT CUCTEMAaTUYECKOro M MOCJEI0BaTEIbHOTO
HAKOIUJICHUSI 3HAHUM, CIIEJIOBATEIHHO, MIPOIYCKH OTACIBHBIX TEM HE TO3BOJISIIOT TIIYOOKO
OCBOUTH MpeaMeT. UMEeHHO T03TOMY KOHTPOJIb HaJl CUCTEMaTHYECKOU pab0OTOM CTYIEHTOB
BCErJa HAXOAUTCS B ICHTPE BHUMAHHUS JEIIapTAMEHTA.

JlekurOHHbBIE 3aHATHS MPOBOIATCS B COOTBETCTBUM C TEMATUYECKHUM IUJIAHOM, MPH
U3JI0KEHUHU MaTepualia peKOMEHAYETCs UCIO0Ib30BaTh Mpe3eHTauuu B cpeae PowerPoint u
(dbparMeHTHI IEYaTHBIX MATEPHATIOB IO TEME JICKITHH.

CryaeHTam peKOMEHIyeTCs:
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- Tepes KaKIoW JISKIMeH mpocMaTpuBaTh pabodyro mporpaMmy AUCIUTUTHHBI, YTO
MMO3BOJIUT COKOHOMHTH BPEMsI Ha 3alHCHIBAHWE TEMbI JICKIIMH, €€ OCHOBHBIX BOIIPOCOB,
PEKOMEHTyeMOI JTUTEPATYPHI;

- Ha OTJICTbHBIC JICKIIUY IPUHOCUTH COOTBETCTBYIOIINN MaTepral Ha OyMaKHBIX WA
AJIIEKTPOHHBIX HOCHUTEIIAX, MPEICTABICHHBIM JEKTOpOM Ha mopraie. JlaHHbIM Matepuan
OyZIeT oxapakTepu30BaH, IPOKOMMEHTHUPOBAH, JOTOIHEH HEMOCPEACTBEHHO HE JICKIIHNH;

- Tepej OYepemHON JEKIHMEeH HEOOXOIUMO MPOCMOTPETh MO KOHCIEKTY MaTepHal
npenpayniei nekuuu. [lpu 3aTpyiHeHHsIX B BOCIIPUSATUN MaTepuala cleayeT oOpaTUThCs
K OCHOBHBIM JIUTEPaTYpHBIM HCTOYHHMKAM, €CIU Pa3o0paTbcs B MaTepuaje ONSTh HE
yAaJI0Ch, TO 00OpATUTECH K JIEKTOPY (10 rpaduKy ero KOHCYJIbTAI[Ui) WK K TIPENO01aBaTEI0
Ha MPaKTUYECKUX 3aHATUsIX. He ocTaBisiite «OenbIx MsITeH» B OCBOCHUU MaTepHala.

Pexomenoayuu no noocomosexe K nPAKMUYECKUM (CEMUHAPCKUM) 3AHAMUAM

[IpoBeneHMe MPaKTUUECKUX 3aHSATUI OCYIIECTBIISIETCS] B KOMITBIOTEPHBIX Kilaccax.

CryneHram cieayer:

- NPUHOCHTH ¢ Cco00M Ha OyMaXHBIX WA DJIEKTPOHHBIX  HOCHTEISIX
PEKOMEHIOBAaHHYIO TIPETo/jaBaTeNieM JIUTEPATypPy K KOHKPETHOMY 3aHSITHIO;

- JI0 OYEpPETHOTO MPAKTUYCCKOTO 3aHATHS M0 PEKOMEHIOBAHHBIM JUTEPATYPHBIM
MCTOYHHMKAM TIPOPadbOoTaTh TEOPETUUECKHUIM MaTepral, COOTBETCTBYIONIEH TEMbI 3aHSTHUS;

- TIPU MOATOTOBKE K MPAKTUUECKUM 3aHSITHIM CIEAYET 0053aTeNIbHO UCIIOJIb30BATh HE
TOJIBKO JICKITUH, HO U APYTYIO YUCOHYIO TUTEpaTypy;

- B Hauajie 3aHATHH 3aJaTh MPENOJAaBaTeNII0 BOMPOCHI MO0 MaTepuaiy, BhI3BABIIEMY
3aTPyHCHHS B €r0 IOHMMAaHWW W OCBOCHHWM, TMPU PEIICHUW 3a/1ad, 3aJaHHBIX IS
CaMOCTOSTEIILHOTO PEIIICHHUS,

- B X0JI¢€ CEMHUHAapa JaBaTh KOHKPETHBIE, YETKHE OTBETHI 1O CYIIECTBY BOIIPOCOB;

- Ha 3aHATUH JIOBOAUTH KAXAYIO 3a7ady JO OKOHYATEIBHOTO PEIICHHUS,
JEMOHCTPUPOBATh MMOHUMAHUE TPOBEICHHBIX PAacueTOB (aHAIU30B, CUTYallHUii), B CIy4yae

3aTPyAHEHHUN 00paIaThCs K MPEernoaaBaTeio.
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Memoouueckue pekomenoayuu no 8bINOJIHEHUIO PA3TUUHBIX YOPM CAMOCHOAM ETbHBIX
0OMAWHUX 3A0AHUTL

CamocrosiTenbHast paboTa CTYJEHTOB BKIIOYAET B C€0sI BHIOJIHEHHUE PA3IMUHOTO PO/Ia
3aJIaHni, KOTOPhIE OPUEHTUPOBAHBI HA OoJiee TIIy00KOe YCBOCHHE MaTepuaja u3ydaeMon
qucUIUINHbL. K BBIMOMHEHUIO 3a/laHuid JJIsl CaMOCTOSATENIBLHON pabOThl MPEAbIBISIIOTCS
cienyromuye TpeOOBaHMS: 3aJaHusl JIOJDKHBI  BBINOJHATHCS  CaMOCTOSITENIBHO U
MPEJCTABIATLCS B YCTAHOBJICHHBIM CpPOK, @ TaKXe€ COOTBETCTBOBATh YCTAaHOBJIECHHBIM
TpeOOBaHUSIM 110 OPOPMIICHHIO.

Crynenram cienyer:

- PYKOBOJCTBOBAThCs rpaKOM CaMOCTOSITEILHOM paboThl, onpeneneHubiM PI1T;

- BBINOJHATH BCE IUIAHOBBIE 3aJ]aHUS, BBIJIABAEMbIC IPEIOJABATENEM JJIS
CaMOCTOSITEJILHOTO BBITIOJIHEHMS, U pa30upaTh Ha CEMUHApax U KOHCYJIbTAIlUSIX HESICHBIC
BOIIPOCHI;

-  HWCHOJb30BaTh IMpU MOATOTOBKE HOPMATHUBHBIE JTOKYMEHThl DHUHAHCOBOIO
YHUBEPCUTETA;

- TpU MOATOTOBKE K 3K3aMEHY MapajiyIeIbHO MpopadaThiBaTh COOTBETCTBYIOIINE
TEOPETUYECKUE U MPAKTUUYECKUE Pa3/Ieibl TUCIUIUINHBI, QUKCUPYS HEICHBIE MOMEHTHI JIJIsI
UX 00CYKJIeHUS Ha TJIAHOBOM KOHCYJIbTAIUH.

Memoouueckue pekomenoayuu no padome c aumepamypoi

JIro0Oast hopma caMOCTOATENIBHONW pabOThl CTYJEHTa (MOJATOTOBKA K CEMHHApPCKOMY
3aHATHIO, BBIMOJHEHUE PACYETHO-aHATUTHYECKON pabOThl, HAYMHAETCA C HU3Y4YCHUS
COOTBETCTBYIOIICH JIMTEPATYPhI KaKk B OMOJIMOTEKE, TaK U JIOMa.

K xaxmoii Teme yuyeOHOW AMCHUIUIMHBI MOJ00paHa OCHOBHAs W JOMOJHUTEIbHAsS
auTeparypa.

IIpu paboTte ¢ nuTepaTypoil peKOMEeHayeTCsl JeaTh 3alCU. 3aiCcu B TOW WM UHOU
dbopmMe HE TOITBKO CIIOCOOCTBYIOT MOHMMAHHUIO U YCBOCHHIO M3y4aeMOro MaTepuaia, HO U
MTOMOTAIOT BbIPA0ATHIBATh HABBIKU SIBHOTO M3JI0KEHHUS B MUCHbMEHHOM (hOpMeE TeX MITH UHBIX

TCOPCTUICCKUX BOIIPOCOB.
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Memoouueckue ykazanusa no npoeedeHur0 NPAKmudecKux 3aHamuil

[Io cTpykType MpakTUYECKUE 3aHATUSI CIEAYyeT pa3feiauTh Ha Yy4yeOHbIE U
KOHTPOJIbHBIE.

Yuebunvie npaxmuueckue 3ansamus CTPyYKTYPHO COCTOST U3 CIAEAYIOIIUX KOMIIOHEHT:

— NIPOBEPKA HAJIMYHUS BHIOJHEHHOTO 33J]aHUs CaMOCTOSITEILHON pabOThl KaXIq0ro
CTYIEHTA;

— BBIOOPOYHAS IPOBEPKA KOPPEKTHOCTH BBITIOJHEHUS JOMAIITHETO 3aJaHMS;

— pa300p TUIMUYHBIX OMIUOOK, BO3HUKIIIMX B CAMOCTOSITEILHON padoTe;

— PacCMOTPEHUE TEOPETUUYECKUX BOMPOCOB, CBA3AHHBIX C TEKYIIUM MPAKTUYECKUM
3aHSTHUEM;

— pa300p METOJIOB BHITIOTHEHHUS MPAKTUYSCKHUX 3aJaHUN U PEIICHUS 3a/1aY;

— KOPPEKTHUPOBKA 3aJaHUM JIJIsI CAMOCTOSATEIIbHOM PadOThI CTYIECHTOB.

Koumponvuvie npaxmuueckue 3anamusi CTPYKTYPHO COCTOST M3 CICAYIOIIUX
KOMIIOHEHT:

— TIPOBEJICHUE ayAUTOPHBIX CAMOCTOSTEIbHBIX padoT;

— TOJIBEJICHHE UTOTOB M Pa3d0p TUIMMYHBIX OIMMOOK, BOZHUKIIUX MPHU BHITIOJHECHUU
CaMOCTOSITEIIbHBIX paboT.

CTyneHThl JOJKHBI OOpaTUTh BHHUMAaHHWE Ha IepeYeHb OCHOBHBIX KOHTPOJBHBIX
MEpOIPHUSATUM, KOTOpPBIE TMPOBOIATCS B COOTBETCTBHM ¢ pabodeil mporpaMMon
JTACIUTIIUHBL.

KonkpeTHbIE CPOKH MPOBEACHUS ITUX MEPOIPUITUNA CBOEBPEMEHHO JOBOIATCS 10
CBEJCHUS CTYJCHTOB.

11. Ilepeyenb MHPOPMALMOHHBIX TEXHOJOIHI, HCIOJIb3yeMbIX IIPH OCYLIECTBJIEHUHN
o0pa3oBaTeJIbHOI0 IpoLecca N0 JMCUHMILVIMHE, BKJIOYas IepedyeHb Heo0X0AuMOro

MnmporpaMmmMHoOrTo o0ecrnieueHUs U I/IH(l)OpMaIII/IOHHLIX CIIPABOYHBIX CUCTEM

11.1. KoMIJIEKT JUIEH3UOHHOTO MTPOTPAMMHOTO 00€CTICUCHUSI:
[MTakeT opucHbIx mporpamm (Astra Linux, Library Office u nip.);
AnTuBupyc Kaspersky;
11.2. CoBpemenHble mnpodeccCuoHaIbHBIE 0a3bl JaHHBIX W WH(GOPMAIIMOHHBIE
CIPABOYHBIE CHCTEMBI:
Nudopmanmonno-npaBosas cucrema «Koncynbrant ILmtocy;
HNupopmannonHo-mpaBoBas cucrtema «["apant;

DnexTpoHHas sHImKIoneaus: http://ru.wikipedia.org/wiki/Wiki
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Cucrema komruiekcHoro packpeitust nHpopmanuu « CKPYUH»: https://skrin.ru

11.3. CeptudunvpoBaHHble TpPOrpaMMHBIE M ammapaTHbIe CPEACTBA 3aIIUTHI
MH(POpPMAIUH - HE TIPEyCMOTPEHBI.

11.4. A3pik mporpammupoBanus Python 3.x B cpene Windows, Oubiamnorexu
PyOpenCl, mpi4py.

11.5. Ilmardpopma [ys1 HaydyHBIX HCCJIENOBAaHUI, OCHOBaHHAas Ha  S3bIKE
nporpammupoBanus Python, Anaconda.

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

11.7. Kommunsitop g++ https://www.msys?2.org

11.8. OTKpBITHII cTaHAAPT AJIS pacnapajuleTuBaHus nporpamm Ha sizbikax Cu, Cut+
151 dopTtpan OpenMP, peanu3anus TUTSL KOMITWJISITOPA g++

https://packages.msys2.org/package/mingw-w64-x86 64-openmp?repo=mingqw64

12. Onucanne MaTepUaIbLHO-TEXHUYECKOI 0a3bl, HEOOXOAMMOI JJI OCYLIeCTBIEHUS

00pa30BaTeJILHOIO MPoIecca Mo AUCHUILINHE

MarepuanbHo-TexHu4Yeckass 0aza @UHAHCOBOTO YHMBEPCUTETA, HEOOXOoauMas Jist
OCYUIECTBJIEHUSI 00Pa30BaTEIBLHOrO MpoIiecca Mo JAaHHOM JAUCLMIUIMHE, B COOTBETCTBHUU C
tpedoBanusiMu @OC BO Bkirouaer B cebOsl crieiuaabHbIe TTOMEIICHUS I TTPOBEACHUS
JIEKITUN, CEeMUHAPCKUX 3aHSATUN, TPYIITIOBBIX U MHIWBUAYAJbHBIX KOHCYJIbTAIIUN, TEKYIIIETO
KOHTPOJSL W NOPOMEXYTOYHOM  aTTecTallMd;  TNOMENIEHUS  YKOMIUIEKTOBAHbI
CHeUaIu3upOBaHHON MEOEIbI0 M TEXHUUECKUMHU CPEACTBAMU 00yUYeHUs, HEOOXOAUMbIMU
JUTsL IpeicTaBiieHust nHGopMalu 00bIION ayTUTOPHUH.

[Tomemenuss ayis  CaMOCTOSITENIBHOW pabOThI  CTYJACHTOB BKIIOYAIOT B CeOs
OMOJIMOTEKY C YNTAbHBIM 3aJI0M, YKOMILIEKTOBAHHYIO B COOTBETCTBUHU C CYIIECCTBYIOIIUMHU
HOpMaMH HEOO0XOauMOUN y4eOHOUW U y4eOHO-METONWYECKON JIUTEpaTypOd M HHBIMU
MarepualiaMi; MEAUaTeKy C BBIXOAOM B VHTEpHET, KOMIIBIOTEPHBIE KJIACChl C

BO3MOKHOCTBIO pab0Thl B IHTEpHET; ayAUTOPUU AJI1 KOHCYJIbTAIIMOHHON JAESTENbHOCTH.
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