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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Juctunnuaa «TexXHOJOrMM NPOrpaMMHUPOBAHMSD BXOAUT B MPOrpaMMy MarucTpaTypbl
«IIpoexTupoBaHnEe KOCMUYECKUX MHUCCHI U cuctem» mo HampaieHuio 01.04.02 «lIpuknannas
MaTeMaThka ¥ WHpOpMaTHKa» W u3ydaercs B 1 cemectpe 1 kypca. JlucuurummHy peamusyet
Kadenpa mexanuku u nporeccoB ynpapiieHus. JIUCIUIUIMHA COCTOUT U3 26 pa3zesoB U 65 TeM u
HampaBlieHa Ha W3y4YeHHUE 0a30BBIX aNTOPUTMOB COPTUPOBKHU M TIOHMCKA, alTOPUTMOB Ha rpadax,
METOJIOB JAMHAMHUYECKOTO MPOrpaMMHUPOBAHUS, COBPEMEHHBIX MNapajurM MPOrpaMMUPOBAHMS,
MOAX0JaMU K TEXHOJIOTHUSIM MapajuIesIbHOr0 U PacipeieIEHHOTO TPOrpaMMUPOBaHUS

llenpto OCBOGHMSI JUCHMIUIUHBI SIBISIETCS OBJAJEHUE CTYJEHTAMH MPAKTHYECKUMHU
HaBbIKAMH AJITOPUTMH3ALMN U TPOTPAMMUPOBAHHUS.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUSA JUCHUIIVIMHbI

OcBoenne  maucuMIUIMHBI ~ «TEXHOJOTMM  TPOTrPAaMMHUPOBAHHS»  HAIlpaBIECHO  Ha
(dbopMupoBaHHEe y 00YYAIOIINXCS CICTYIOMNX KOMIIETEHIIUH (4ACTH KOMITETEHIUH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, Gopmupyemvlx y 00yHarOWUxcs npu 0C80eHuu
OUCYUNTUHDBL (De3YIbMaAmMbl 0C80EHUS OUCYUNTUHDL)

Indp Kommerenmuust HNuauxaropsl AOCTHIKEHHUs KOMIETeH NN
(B pamMKax JaHHOW IHCIUILIIHEI)
OIIK-1.1 Ananmu3upyet npo0OiaeMsl B 001acTi GpyHIaMEHTaIbHON 1
CnocobeH pemarts akTyalbHbIE |IPHKIIAJHON MaTeMaTHKH;;
OIIK-1 3ama9d QyHAaMEHTAIBHON 1 OIIK-1.2 ®opmynupyeT 3a1auu UCCIEA0BaHNUSA;;
MPUKIAIHON MaTeMaTUKH OIIK-1.3 PemaeT akTyanbHbIe 321291 GyHIAMEHTATBHON 1
MPUKJIQTHOW MaTeMaTHKH. ;
OIIK-3.1 Pa3zpabaTpiBacT MaTeMaTHYECKUE MOJICIH B O0OJIACTH
CnocobeH pa3pabaTbiBaTh MPUKJIAHOW MAaTEeMAaTHKH U UHPOPMATHKY;;
MaTeMaTUYECKUE MOJIEIH U OIIK-3.2 AHanu3upyeT MaTeMaTHYECKUE MOJIENHU TSI PEIICHHS
OIK-3 IIPOBOJIUTD UX aHAJIU3 IPU MPUKJIAIHBIX 3a/1a4 POEeCCHOHATBHOMN eI TeTbHOCTH;;
peleHny 3aa4 B 06JacTu OIIK-3.3 Pa3zpabaTsIBacT U aHAIM3UPYET HOBBIE MaTeMaTHYECKHE
npodeccoHaNIbLHON MOJIENN TSI pelIeHHs IPUKIIAJAHBIX 3a/1a4 PO eCcCHOHATBHON
JeSITeIbHOCTH JIESITETIHHOCTH B OOJIACTH MIPUKIIAJHOW MaTeMaTHKH U
HHPOPMATHKH.;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

JucuuruimHa «TexHOIoruM mporpaMMHUpPOBaHUS» OTHOCUTCS K 00s3aTeNIbHON YacTu Onoka
1 «/IucuunanHsl (MOIYIIH)» 00pa30BaTEIbHON MPOrPaMMBbI BBICIIETO 0Opa30BaHUS.

B pamkax o0pa3zoBaTeslbHOM NporpamMmbl BBICIIETO O00pa30BaHUS OOydYarOIIMECs TaKxKe

OCBaMBarOT

apyrue

JUCIIUILINHEI

A/nnu

IMPAaKTHUKHU, CHOCO6CTBYIOH_II/IC JOCTHXKXCHHIO

3aIlJTAaHUPOBAHHBIX PE3YJIbTATOB OCBOCHUA JHUCIHUIIIIMHBI «Texnomorun IporpaMMHUpPOBaAHUA ).

Tabnuya 3.1. Ilepeuenv xomnonenmos OI1 BO, cnocobcmsyrouux 00CMUNICEHUIO
3ANnl1AHUPOBAHHbLX pe3)1bmamoe OC60€HUA aMCZ/}MI’lJZqul
[penmecrByrommue Hocaexyromue
Mud Haumenosanse ncanImnHLI/yMom JIH ncunnnnl:lil/;duo JIH
P KOMIIeTeH M et *Hy ’ A *Hy ’
HPaKTHKH NPaKTHKH
CnocobeH pemartb
Hay4Ho-uccneoBaTenscKast
aKTyaJbHbIC 3a/1auH i
OIIK-1 . pabora;
(byHIaMeHTAIEHOH 1
OPHKJIATHON MATEMAaTHKU
OIIK-3 CriocobeH pa3pabaTbIiBaTh Hay4aHo-uccnenoBarenbekas




Hpexqmecryommue Hocaenyrommue
Mudp Haumenosane Zlﬂcfll/l[:IﬂHHbl},MOI;yﬂﬂ Ill/lcul/lﬂﬂl/lllllil/;luOZ[yﬂﬂ
9 9

KoMuereniim NMpPAKTHKH* NpPaKTHKH*

MaTeMaTHYECKHE MOIETH 1
MPOBOJUTH UX aHAIIN3 TIPH
peleHnH 3a1ad B 006JIacTu
po¢eCCHOHATBHOI
JIEATENHOCTH

pabora;

CoBpeMeHHBIE METOIBI
MEXaHUKHA KOCMHUYECKOTO
M0JIETA;

CoBpeMeHHBIE METOIBI
JIUCTAHIIMOHHOTO
30HIUPOBAHUS 3eMJIH;
I'eonndopmalmoHHbIe
CUCTEMBI U UX MPUMCHCHHE;

* - 3aMoOJIHAETCS B COOTBETCTBUM ¢ MaTpHueil komnereniuidi u CYII OI1 BO
** - 3JIeKTUBHBIE AUCIUIUIUHBI /TIPAKTHKH




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OO1m1ast TPYA0EMKOCTh JIUCIHUILTUHBI « TeXHOJIOTHH MTPOrPAMMHUPOBAHUS COCTABIISET «S5) 3a4€THBIX CTUHHII.
Tabnuya 4.1. Buowl yuebHOU pabomuvl no nepuooam 0cC80eHUsi 0OpA308amMenbHOlU NPOSPAMMbL BblCUEe20 00paA308aHUst Olsl OYHOU (HOopMbl
0OyueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMeclT pCED)
Koumaxmmnas paboma, ax.u. 34 34
Jlexrun (JIK) 17 17
Jlabopartopusie pabotsl (JIP) 17 17
IMpaktryeckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma 00y4arOWuxcs, ax.u. 119 119
Koumponw (ax3amen/3auem c oyenkoil), ax.u. 27 27
OO01asi TPYI0E€MKOCTh THCHHILTHHBI aK.4. 180 180
3a4.e/1. 5 5




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Bun
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
padoThI*

Homep HaumenoBanmue pazaesna
pasiena AUCHHUTLIUHBI

BasoBbie mpaBmita HanmcaHust koxa Ha Python: orctymsl s
BBIJICJICHUS OJIOKOB, KOMMEHTapUH, UMEHOBaHHUE IIEPEMEHHBIX.
Mopaenb naMsTH sA3bIKa ¢ JUHAMUYECKON TUIIHU3ALUEN U CCHLIIOYHBIM
XpaHeHHeM 00bekToB. OCHOBHBIE THITBI JAHHBIX: YUCIIA IIEJIBIE U C JIK, JIP
TUTaBAIONICH TOUKOH, CTPOKH, OyJIEBbI 3HAUCHHSI, CITUCKHU, KOPTEXKH,
CJIOBapu M MHOXecTBa. Pasnnune Mexxay U3MEHAEMBIMU U
OCHOBHBIE JIEMEHTHI HEU3MEHSEMbBIMH TUIIAMU JaHHBIX.

basoBsiii cuaTakcuc s3bika Python 3. Moaens
MaMSITH U OCHOBHBI TUIIBI TaHHBIX
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Pazpgen 1 ”
CHHTaKcHuca s3b1ka Python Konctpykunu nukios: for st mepedopa mocie[oBaTeIbHOCTEH U

while a1 moBTOpEeHMs 10 BRIOTHEHUS yciIoBHsL. CrtocoObI paboThI
CO CIIMCKAaMU: WHJEKCANHs, CPe3bl, T0OABICHUE U yIAJICHHE

12 Hukiel v cnucku. OyHKUIMU. 2JIEMEHTOB, CITUCKOBEIC BKIItoueHns1. Co3anne QyHKIHH depes JIK, JIP
KJroueBoe ci10Bo def, apryMeHTHI MO3UIIMOHHBIE 1 IMEHOBaHHBIE,
BO3BpAT 3HaueHMs uepe3 return. O6IacTH BUANMOCTH IIEPEMEHHBIX:
JIOKaJIbHbIE U TTI00aIbHBIE.

Omnpenenenue anropuTMa Kak KOHEYHOM MOCIIEN0BATETLHOCTH
CTPOro ONpeAenéHHbIX MHCTPYKIMM. MamnHa TrropuHra kak
Ilonsatue anropurma. Mamuna TeropuHra. abcTpakTHas! MOJIETIh BEIYUCIINTEIIS C JICHTOM, TOJIOBKOW UTEHUS-
Borunciumocts. Teopust Cl10)KHOCTH. 3amucu 1 Tabnuiei npasui. [1oHATHE BBIYMCIUMOCTH: QYHKIMS
Bo3BeneHue B CTENEHb: aHAIN3 AJITOPUTMA CYMTAETCs BBIUUCIMMOM U HAIMYUU AITOPUTMA I €€

(YMHOE BO3BEJICHUE B CTEIICHB). HaxoxeHus. Teopus ClI0)KHOCTH € pa3/ieIeHUEM Ha BPEMEHHYIO U
€MKOCTHYIO CIIOKHOCTh. AITOPUTM YMHOT'O BO3BEICHUS B CTEIIEHb
OneMeHTBI TEOpUU 4yepe3 METO JBOMYHOIO pa3ilo:KEHUs IOKa3aTells.

2.1 JIK, JIP

Pazgen 2
aJIrOpUTMOB 3amava o prok3ake Kak BRIOOpP MPEIMETOB C 3aJaHHBIMH BECAMH U

CTOMMOCTSIMH TIPH OTPaHWYEHUH Ha oOuuii Bec. XKaaHbit

3agaya o prok3ake. XKagHblil anroput™. MeToa |anropuT, BHIOUPAIOIINIT HA KaX/IOM IIare JOKaJIbHO ONTUMAaIbHOE
IPAJUEHTHOrO CIIyCKa KaK IIPUMEp >KaJHOrO peuieHre. MeTo rpaJUEHTHOTO CIIyCKa KaK IpUMEp >KaqHOTro
anroputMma. Ctparerust «Pa3memnsii u anroputMma JUIst MuHEM#3anuu Gyakun. Ctpaterus «Pasnensit u
BJIACTBY». PeKypCUBHBII anropurm. BIIACTBYW» C pa3OMeHNeM 3a1au Ha M0133/1a9H, PEIICHUEM KaXKI0H
1 00BbEeMHEHHEM Pe3yIbTaTOB. PeKypCHBHBIH anropuTMm,
BBI3BIBAIONTIN caM ce0st IS pEIIeHHUs MoA3a1a4.

2.2 JIK, JIP

OCHOBHBIE TIPUHITUTIBI TPOTPAMMHUPOBAHUS: a0CTPaAKIIHS,
JIEKOMITIO3ULINS], MOAYJIBHOCTh, N€pAPXUYECKast OpPraHU3aLNsl. JIK, JIP
[IpouenypHoe nporpaMMHpOBaHKE C aKLIEHTOM Ha

ITapagurmel
Paznen 3 |mporpammupoBaHusl. 3.1
OOBEKTHOOPUEHTUPOBAHHOE

OCHOBHBIE TPUHIIMITEI TPOTPAMMHUPOBAHHUS.
[IpoueaypHoe nporpaMmmMupoBaHHe.




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

IpOoTrpaMMUpPOBaHHE

TI0CJIEI0BATENILHOE BHINOJHEHUE HHCTPYKIUH U BBIICICHHE
npouexnyp. CTpyKTypHOE IPOTpaMMHUPOBAaHNE KaK Pa3BUTHE
MIPOLEAYPHOTO C OTKa30M OT OE3yCIOBHBIX HEPEXOHOB.

3.2

OOBEKTHO-OPHEHTUPOBAHHOE
nporpammupoBanue (OOII). dyHknoHATEHOE
POTpaMMHpPOBAHUE.

OOBEKTHO-OPUEHTUPOBAHHOE MIPOTPAMMHPOBAHNE KaK Iapaurya,
OpTaHM3yIoNIas KOJ BOKPYT OOBEKTOB M X B3aMMOACHCTBUSI.
OYHKIUOHAIBHOE IPOrPAMMUPOBAHKE C YIIOPOM Ha YHCTHIE
(yHKIMH, HEM3MEHSIEMbIE TaHHBIE 1 OTCYTCTBUE IMTOOOYHBIX
a¢dexroB. CpaBHEHHE TPEX MAPATUTM: IPOLETYPHOH, OOBEKTHO-
OPHEHTHPOBAHHON U (DYHKIIMOHAIBHOM.

JIK, JIP

3.3

Oco6ennoctu OOII. Kitaccsl 1 00BEKTHL.
Hacnenosanue. Peanmuzarust OOII B s13b1ke
Python

Oco6eHHOCTH 00BEKTHO-OPHEHTUPOBAHHOTO TPOrPaMMHUPOBAHUS:
WHKAICYISIHS, HaclieoBaHue u noauMopdusm. Kiaccer kak
1a0JI0HBI ISl CO31aHKs 0OBEKTOB  00BEKTHI KaK SK3EMILISIPBI
ki1accoB. HacnenoBaHue, o3Bosisitoliee co3/1aBaTh HOBBIE KIACChI
Ha OCHOBe cyiecTByronux. Peamuzanus OOII B s3pike Python ¢
CHHTaKCHCOM class, MeTonamu self, KOHCTpYKTOpPOM init
MHOKECTBEHHBIM HACJICI0BAaHHEM.

JIK, JIP

Pasnen 4

AJNTOPUTMBI COPTHPOBKH U
MIONCKA

4.1

CoprupoBka Beroopom. CopTUpoBKa
BcraBkamu. CoptupoBka “MeTtogom
ITy3sippka”. CopTupoBKa cnusHueM. beictpas
COpPTUPOBKA

CopTrpoBKa BEIOOPOM C IIOMCKOM MHHHMAJIBHOTO 3JIEMEHTa 1
0o0MeHOM ero ¢ Tekymer nozunueii. CopTupoBKa BCTaBKaMH €
MIOCTPOEHUEM OTCOPTHPOBAHHON YACTH IIyTEM BCTABKH OUEPEIHOTO
JJIEMEHTa Ha Hy’KHOe MecT0. COpTHPOBKA ITy3BIPHKOM C
TI0CIIEI0BATEIILHBIM CPAaBHEHHEM 1 OOMEHOM COCEJJHUX DJIEMEHTOB.
CopTHpOBKa CIMSIHNEM KaK PEKYPCHBHBIIN aJTOPUTM, ACIIIIUHA
MAacCCUB II0II0JIaM U CJIMBAIOIIUNA OTCOPTUPOBAHHBIE I10JIOBUHBL.
BricTpast copTHpOBKa ¢ BEIOOPOM OIIOPHOTO 3JIEMEHTA U
pasfelIeHHEM MACCHBA Ha IBE YaCTH OTHOCUTENBHO OIOPBI.

JIK, JIP

4.2

Haxoxnenne menuansl. [TociiemoBareabHbIi
MOUCK. MEeTOIBI CYKECHHUS 00IACTH.
Coptuposka B Python.

Haxoxnerne MenuaHbl Kak 3JIEMEHTA, HAXOIAMIET0Cs B CepelnHe
oTcopTHpoBaHHOTO Habopa. [TocnenoBaTeNbHBIN TONUCK C
epedopoM BCEX 3JIEMEHTOB 10 HaX0XKICHHS HYy>)KHOTO. MeTo 5!
CyKeHHs o0JlacTH: OMHAPHBIN TOUCK B OTCOPTHPOBAHHOM MAacCHBE
¢ neneHueM uHTepBaia nomojaM. Coprupoka B Python uepes
BCTPOEHHYIO (DyHKIHIO sorted ¥ METOJ sort CIIMCKOB C
rapameTpami key u reverse.

JIK, JIP

Pazgen 5

AnropuTM™Bl Ha rpadax

51

I'padbr u nx ananus. [Ipencrasnenue rpagos.
O6xox rpada B IITyOMHY U IMUPHHY

I'padbr kak cCOBOKYIHOCTD BEpHIMH U p&0ep ¢ kinaccudukaryen Ha
OPHEHTHPOBAaHHbIE U HEOPHEHTHpOBaHHbIE. CIIOCOObI
Npe/ICTaBlIeHUs rpad)OB: MaTPHUIlA CMEXKHOCTH, CITUCOK CMEXHOCTH,
cucok pédep. O6xox rpada B TIyONHY € peKypCHBHBIM

JIK, JIP




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

MOCEIIEHNEM BCEX JTOCTHKMMBIX BEPLIMH BJIOJb KaXKJOTO ITyTH.
O6xox rpada B UPHHY C TIO3TAITHBIM pacIIipeHneM ppoHTa
MOCEICHHS OT HAYQJIbHOW BEpLIMHBL.

52

Boccranosnenue kparyaiiiero myTH. 3ajada o
MepEeMEIIeHIH IaXMaTHOTO KOHS

BoccranoBnenue kpatyaiiero myTH 4epe3 COXpaHEHHE MIPEAKOB
JUTS Ka)KIOW BEpIINHEI Ipu 00xoze rpada. 3amada 0 nepeMeneHIn
IIaXMATHOT'O KOHS HA IIIaXMATHOH JJOCKE C IIOMCKOM MHHUMAJIBHOTO
KonmgecTBa xooB. [IpeacraBnenne qocku Kak rpada, rue
BEPIUIMHBI — KJIETKH, a p0pa — BO3MOJKHbIEC XOJIbI KOHSI.

JIK, JIP

53

Anroputm JlelikcTpsl. Odepess U CTEK.
Ouepenp u cTek B Python

Anroput™ JlefKCTphI U1 HaXOXKACHUS KpaT4aiIlIuX myTei oT
OJTHOI BEPIINHBI IO BCEX OCTAJILHBIX BO B3BELICHHOM rpade ¢
HEeOoTpHUIaTeIbHBIMU BecaMu. Ouepes Kak CTPYKTypa JaHHBIX C
HPUHITUIIOM IIEpPBbIil BOIIEN — nepBbIi Boimien. CTek Kak
CTPYKTYpa AaHHBIX C TIPUHIMIIOM MOCIETHUM BOLIEN — IEPBBIM
BhImel. Peanusanus ouepenu uepes collections.deque u cteka yepes
0OBIYHEIH criicok B Python.

JIK, JIP

Pasnen 6

JrHamuueckoe
MIpOrpaMMHpPOBaHUE

6.1

[Mpuamun ontumansHOCTH bemnmMana.
IToHsITHE BOCXOISIIETO U HUCXOISAIIETO
peIIeHHS.

[puHIMn ontumansHOCTH bemMana: onTuManbHOE peleHre
3a/1a4d MOXKET OBITh TOCTPOCHO M3 ONTUMAIEHBIX PEIICHHUH e€
mo3anad. Hucxomsmee pemenne ¢ peKypCUBHBIM pa3OHCHIEM
3a/1a4d ¥ 3aIIOMHHAHUEM PE3YJIbTaTOB JJIS IOBTOPHOTO
HCTONB30BaHus. Bocxomsiiee penieHne ¢ 3aroJTHeHHEM TaOIUIIBI OT
MEHBIIMX MOA3aJa4 K OOJIbIICH.

JIK, JIP

6.2

3aja4a 0 KoJMyecTBe MapIIpyToB. CXOACTBA U
OTJIM4YME JUHAMHYECKOIO IIPOrPaMMUPOBAHUS
U KOHLIETIIMS «pa3/eisii U BIACTBYI»

3amava 0 KOJIMYECTBE MapIIPyTOB Ha CETKE C MOACYETOM YUCIIa
CIIOCO00B ZI00paThCs U3 OHOW TOUKHU B JApYryto. CXoACTBO
JUHAMUYECKOT0 IIPOrpaMMHPOBAHUS U CTPATErHH «pa3feisil u
BIIACTBY» B pa3OueHuu Ha noa3ajaauu. OTaudne: B JUHAMHYECKOM
MIPOrpaMMHPOBAHIH MO334a4UH MIEPEKPBIBAIOTCS, a B CTPATETHU
«pa3mensiii ¥ BIaCTBYH» — HE3aBUCHMBL.

JIK, JIP

6.3

3amaya o 6aHkoMare. JluHaMuveckoe
MPOrpaMMHUPOBAHUE U UTPBI

3amaua o GaHKOMATE KaK 3a/1a4a BhIJIAYM CYMMbI MUHUMAJIbHBIM
KOJIMYECTBOM MOHET HJIM OaHKHOT. Perienue yepe3 AHHAMIYECKOE
MIPOrPaMMHPOBAHUE C IIOCTPOCHUEM ONITUMAIBHBIX CYMM OT HYJIS
10 nenieBoi. [IpuMeHeHe TMHaAMUYECKOTO POTPaMMHUPOBAHHS B
WTpax: aHaJU3 BHIUTPHIIIHEIX U IPOUTPHINIHEIX TO3UIUI Yepes3
PEKypPEHTHBIC COOTHOIICHUS.

JIK, JIP

Pazgen 7

HapaHJICHLHLIG AJITOPUTMbI

7.1

[pennoceuiku. Kinaccupukarus
BeIuncIuTeabHEIX cucteM. CPU u GPU
MTPOIIECCOPBI.

[peanockiky NOSBIEHHS NapauIeNIbHBIX BHIYNCICHUH:
JOCTHKEHHE (PU3MIECKUX TPEIEJIOB TAKTOBOI YaCTOTHI M POCT
00BpEMOB 00pabaTriBaeMbIX MaHHBIX. Kiaccnukarms

JIK, JIP




Bun

Homep HaumenoBanmue pasgeia .
HanmenoBanue TeMbl ConeprxaHue TeMbl y4eOHOoii
pa3nena AUCHUTLTUHBI %
padoThI
BBIYHCIUTENbHBIX cucTeM no ®nuuny: SISD, SIMD, MISD,
MIMD. IlenTpanbHEIEe TIPOIECCOPHI ¢ HEOOIBITHM YHCIOM MOIIHBIX
siep ¥ rpauuecKre IPOLECCOpPHI C ThICAIaMU MAJIOMOIIHBIX AEp.
XapakTepUCTHKY MapaJIIEIbHBIX aJITOPUTMOB: YCKOPEHHE,
3¢ eKTHBHOCTD, MAaCIITaA0NPYEMOCTb, 3aTPAThl Ha CHHXPOHH3ALIUIO.
XapaKTepUCTHKH NapaUIeIbHBIX aJlTOPUTMOB.
Twursl Henocie10BaTeNFHOTO MporpaMmmMupoBanus B Python:
7.2 THIEI HETTOCIIEAOBATEILHOTO . JIK, JIP
MHOTOIIOTOYHOCTS JUIS OlIepalii BBOA-BBIBOAA,
nporpammupoBanus B Python.
MHOTOIIPOIIECCHOCTD JUTS BBIYUCINTEIBHBIX 33129, aCHHXPOHHOE
NpOrpaMMHUPOBAHUE JJIsl KOHKYPEHTHOT'O BBITIOJIHEHUSI.
[pouecchl Kak U30JIMPOBAHHBIE SK3EMILLIPBI IPOTPAMMBI C
COOCTBEHHBIM aJIpECHBIM MPOCTPAHCTBOM. [10TOKM Kak
IMpouecce! u [Toroku B Python. AcunxpoHnHsie AP poctp
7.3 DOIDAMMEL JIETKOBECHBIE €AMHUIBI BBINIOJHEHUS BHYTPH OJIHOTO MpoIlecca ¢ JIK, JIP
porp ' paszensemMoil naMsThio. ACHHXPOHHBIE IPOIPAMMBI C COOBITUIHOM
MOJIEJIbI0 Ha OCHOBE KOPYTHH async u await.
Mertopl onTrMH3anuK nporpammM Ha Python: Be100p 3¢ dekTnBHBIX
JITOPUTMOB, HCIIOJIb30BaHNE BCTPOSHHBIX (PyHKINH, n30eranue
MeTozIb! ONTHMH3ALIHH H YCKOPEHHUS MeUIEHHBIX KOHCTPYKIHH. [IpodunmpoBanne Kak mporecc
8.1 |mporpamm Ha Python. [IpodumupoBanne Py o p p JIK, JIP
M3MEPEHNS BPEMEHH BBITIOJTHEHHS OT/ASJIBHBIX YYaCTKOB KOa.
nporpamm Ha sizeike Python. o
CrangapTHbiit Moysb cProfile muis nmpodunpoBanus Ha ypoBHE
GyHKIHH.
Monyns line_profiler s mocTpodHOTO POPIITHPOBAHUS KOIA H
. BBISIBJICHHUSI CAMBIX MEIJICHHBIX cTpok. Ahead-0f-time xommmsams
Monysb line_profiler. Komnusiiius Python: A P N ALl
. S ¢ mpeoOpa3oBaHKeM KOJa JI0 BHIMOJHEHHs B MAIIMHHbIHA. Just-in-
Paznen 8 |Onrummuzanus mporpaMmm 8.2  |Ahead-of-time u Just-in-time koMmuIAIHSL. . . JIK, JIP
time KOMIHUJISIIKS ¢ KOMITHIISIIIMEH BO BPEMsI BBIITOJTHEHUSI
Moyse Numba. .
nporpammMbl. Monyne Numba s JIT-komnuisiuny GyHKuuit gepes
JIEKOPaTOPHI.
Cython xak HagMHOXKecTBO Python, mo3Bostomiee BEI3BIBAT
HKIHK C 1 00BSBISATH CTATUYECKHUE TUIIBI IEPEMEHHbIX.
Cython kxak pacmupenue s3p1ka Python. pymKiL peme
Ocobennoctu pazpaborku Ha Cython: co3nanune daitnos pyx,
8.3  |OcobenHocTH pa3pabOTKH MPOTpaMMBbI Ha JIK, JIP
Cython 00bsIBIIEHHE THIIOB Yepe3 KioyeBoe ciioBo cdef, kommusiims B
Moynb pacmmpenus. [Ipenmymectsa Cython: ckopocts, Gm3kas k
HarueHoMY C, npu coxpanenuu yjaoocrsa Python.
C 1 C++ 0COOEHHOCTH SI3BIKOB, HCTOPHS S3b1k C Kak mpoueaypHbIi 361K HU3KOTO YPOBHS, CO3/IaHHBIN JUTs
IBOJIONMS. MalIMHHOOPUEHTHPOBAHHbIC CHCTEMHOT'0 NporpaMMupoBanus. SI3b1k C++ Kak 00bEeKTHO-
Pasgen 9 |C\C++. Beenenue 9.1 1 P P porp P JIK, JIP

SI3BIKM IPOTPAMMMPOBAHUS U IIPUHLIMIIBI
JIEUCTBUS KOMIIBIOTEDA.

opueHTHUpOBaHHOE pacummperue C ¢ coxpaHeHHeM 00paTHON
COBMECTHMOCTH. VlcTopus 1 3BoJIONMS: OT paHHUX Bepcuid C 110
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HanmenoBanue TeMbl ConeprxaHue TeMbl y4eOHOoii
pa3nena AUCHUTLTUHBI %
padoThI
coBpemenHoro C++20 ¢ nobasienueM MO, yMHBIX yKazaTelaen u
KOHIICTITOB.
Tpancnamus koa Kak mpeoOdpa3oBaHUE UCXOTIHOTO TEKCTA B
MAaIIMHHBIE HHCTPYKIUH. BHIBI TpaHCISINN: KOMIMIISLHS C
TIOJTHBIM TPE0OPa30BaHUEM /0 BHITOJIHEHHUS U HHTEPIIPETANNS C
Tpancnsaus koxa. Buasr tpancasumm.
9.2 MOCTPOYHBIM BBINOJIHEHUEM. OTANYNSA KOMIUIATOPOB OT JIK, JIP
OTnr4us HHTEPIPETATOPOB U KOMIHIISITOPOB. G
HMHTEPIIPETATOPOB: KOMITMIATOPHI CO3/1AI0T UCTIOMHAEMBIH (aiin,
HMHTEPIIPETATOPHI BHIMOJIHSIIOT KO/ 0€3 OTJEIBHOTO 3Tara
KOMITHJISILIMY.
Comnocrasnenune Python nu C/C++ 1mo ckopocTH BBIINOITHEHUS,
Comnocrasnenue nporpamm Ha Python u ynoOCTBY pa3paboTKH, KOHTPOIIO Haa mamsAThi0. O61acTs
9.3 |C/C++. ObnacTh NpUMEHEHHS U S3bIKOB npumeHenus: C u C++: cucTeMHOE IPOrpaMMHUPOBaHKE, HTPOBBIE JIK, JIP
C/C++. JIBHDKKH, BBICOKOIIPOM3BOANTENBHBIE BBIYHUCIICHHS, BCTPOCHHbIC
CHCTEMBL.
BbiiouHO€E YyCTPOMCTBO MIPOrpaMM ¢ IpyNINUPOBKOM HHCTPYKLUK B
brounoe ycTpoiicTBO porpaMM Ha sI3bIKAX 610km yepe3 purypHble ckoOku. CHHTaKCHYECKHE ITpaBuiia
10.1 |C/C++, cHHTaKTHYeCKHE TPaBWIIa BBIACICHIS | BBIICICHHS OJIOKOB: KaXIbIii OJIOK 00pa3yeT HOBYIO 00JIacTh JIK, JIP
GJIOKOB M WX THIIBL. BUAUMOCTH. THIIBI GJIOKOB: TeJIO0 (QYHKIMH, TEJIO [UKIIA, TEJIO0
YCIOBHOI MHCTPYKIIMU, RHOHUMHBIE OJIOKH.
BetBiieHue yepe3 yCIOBHYIO HHCTPYKIHIO if u koHCTpyKIHio if-else
bazoBble HHCTPYKIMH: BETBICHNE (MITH C NIPOBEPKOH JIOTHYecKuX BeIpaxkeHuH. L{nknbr: while ¢
yCIIOBHASI MHCTPYKIHA ), IUKIE (while, do peanpoBepkoi ycnosus, do while ¢ moctmpoBepkoit, for co
OCHOBHbE HICMEHTLI 10.2  |while u for), omeparop 6e3yciI0BHOrO cuétunkom. Omnepatop 6e3ycIoBHOTO nepexoa goto s nepenaqdn | JIK, JIP
Pazpen 10 CHHTAKCHCA [epexo/ia, ONepaTop MHOKECTBEHHOTO yIpaBlIeHHUs Ha METKY BHyTpHu GyHKIuH. OnepaTop
BBIOODA. MHO>KECTBEHHOTO BhIOOpa switch 1j1st BBIOOpa BETBU 1O
LENOYHNCIEHHOMY 3HaYEHHIO.
OO0BsBiIeHNE QPYHKIIUH IPOTOTHII C YKa3aHHWEM THIIA BO3BpATa,
HMMEHH U mapaMeTpoB. OmnperneneHue GyHKINN C TEJIOM B
CHHTaKCHYEeCKHe KOHCTPYKIHMHU JUIsS pabOThI € .
¢urypHsix ckoOkax. BbI30B ¢GyHKIMM IO IMEHH ¢ Tiepegade
(yHKIMSAMEI: 00BSBICHUE, OTIPEEIeHHE,
10.3 aprymeHToB. CTeK BBI30BOB KaK 00JIaCTh MaMSITH JUIs XpaHEHUS JIK, JIP
BbI30B. CTek BbI30BOB. CpaBHEHHE gOto U
return JIOKaJILHBIX TIEPEMEHHBIX U aaipecoB Bo3BpaTa. CpaBHEHHE
oreparopa goto u return: return 3aBepiuaeT GyHKIHIO, Zoto
nepeaéT ynpasieHHe BHYTPH QYHKIHH.
VYxazarenu u azgpeca. Pabora ¢ ykazarensimMu u | YKazaTenu Kak IepeMEeHHbIS, XpaHsIIUe a/ipeca MaMsTH JIPyTrux
Pasznen 11 |Maccussl 1 yka3arenu 11.1 |agpecamu. MaccuB Kak CTPYKTypa JaHHBIX: nepeMeHHbIX. PaboTa ¢ ykazaTensiMu: oneparop B3sTHS aapeca, JIK, JIP

XpaHCHUE B IAMATH, TOCTYII K DJICMCHTaM.

OrepaTop pasbIMCHOBAHUWA JIJI4 TOCTYyNa K 3BHAYCHUIO IO aJIpECy.
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Homep HaumenoBanmue pasgeia .
HaumMmeHOBaHHE TEMBI Conep:xaHue TeMbI y4ueOHOM
pa3nena JUCIHMILTHHBI %
padoThI
MaccuB Kak HenpepbIBHAs 001aCTh MaMATH [T XPaHCHUS
OTHOTHUITHBIX 3JIEMEHTOB. J[OCTYH K AIIeMeHTaM MacCHBa depes
HWHACKCAINIO U Yepe3 apupMETHKY yKazaTelei.
Co3maHne cTaTHYECKIX MacCHBOB € (PUKCHPOBAHHBIM Pa3MEPOM,
M3BECTHBIM Ha 3Talle KOMIWIAUHN. ApecHas apupMeTnKa:
Co3naHne CTaTHYECKUX MacCHBOB. ANjpecHas N
11.2 apHdveTHKa CIIO’KEHHE U BBIYMTAHUE yKa3aTelel 1 nepemenienns no namara. | JIK, JIP
P CBs3p MEX Iy IMCHEM MaccHBa M yKa3aTelleM Ha TIePBBIN 3JICMCHT.
BrrunciieHne cMemeHus AIeMeHTa Yepe3 HHICKC.
IIpaBuia co3aaHus CTaTHYSCKUX MAaCCUBOB: pa3Mep J0JKCH ObITh
KOHCTAHTHBIM BBIPQYKCHUEM, MIAMSITh BBIJCIISCTCS HA CTEKE.
IIpaBuia co3naHue CTATUICCKUX MAaCCHBOB,
Wuunuanu3anys CTaTHYCCKUX MACCUBOB MPH OOBABICHUU CIIUCKOM
€ro MHMIHAIM3AIHs U HCII0Ib30BaHHE. .
12.1 3HayeHUui. OTHOMEpHBIE 1 MHOTOMEPHBIE CTATHYECKHUE MACCUBEI C JIK, JIP
OmHOMEpHBIC 1 MHOTOMEPHBIC CTATHUCCKUEC
pa3MepamMu, yKa3aHHBIMH B KBaJpaTHBIX CKOOKax. J[MHamumueckas
MaccuBbl. lunamuueckas namsth (C CTHIIB).
namsth B ctuiie C: ¢pynkuuu malloe, calloc, realloc, free u3
oubnmorexu stdlib.
Cratuaeckas i Junamudeckast mamsath (C++ CTHIIB). JwHamudeckast maMaTh B ctiie C++: omepanuu new Juis
Pazmen 12 OyHKIUH U PadOTHI ¢ TUHAMHIESCKOH BEIZIEeNeHUs maMsTH 1 delete st ocBoOoxkmeHust. Omepanus new ¢
IMHAMHYecKas MaMsTh. 12.2 . JIK, JIP
MaMSTEIO, OTIEPAIlH BBIICICHUS H WHUIHAIH3anyel 3HaueHns B ckoOkax. Onepanus delete mos
0CBOOOXKIEHUS TaMATH OJIMHOYHBIX 00BeKTOB M delete[] 1 MacCHBOB.
Co3maHne OJHOMEPHOTO THHAMHYECKOTO MacCHBa Yepe3 OIeParnio
new ¢ ykazanuem pasmepa. Cozjanre MHOTOMEPHOTO
123 Co3gaHre OTHOMEPHBIX 1 MHOTOMEPHBIX JTUHAMHUYECKOTO MacCHBa KaK MacCHBa yKa3aTelleH ¢ MOCIeAYIOIIHM IK. TIP
' IUHAMHUYECKHUX MAaCCHBOB BBIJICTICHUEM TTaMATHU JJIs1 KaKJ0U cTpoku. OcBOOOXKIeHNE i
MHOTOMEPHOTO JMHAMHYECKOTO MAaCCHBA B OOPATHOM MOPSI/IKE:
CHavaJia CTPOKH, 3aTeM MAaCCUB yKa3aTeleH.
MaccuBbI KaKk HA0OPBI OJHOTHITHBIX SJIEMEHTOB C
HWHIEKCUPOBAHHBIM 10CTYOM. CTPOKH CHMBOJIOB KaK MAaCCHBBI
MaccuBbl, CTPOKH CUMBOJIOB, CTPYKTYPHI, Tuna char ¢ HyJIb-TepMHUHATOPOM B KOHIIE. CTPYKTYPBI ISt
131 00BeTMHECHNUE, TEPEYNCIUMBII THI TaHHBIX, 00BETUHEHNUS PA3HOTHUITHBIX JAHHBIX IO/ OJTHIM UMCHEM. JIK. JIP
' ouroble moyst. CuHTakcH4Ieckne ocoOeHHOCTH |OOBeINHEHHS I XPAHEHUs pa3HBIX THUIIOB B OJIHOI 00nacTu ’
CTpyKTypHpPOBAaHHBIC THITBI N
Pazgen 13 AHHELS OOBSIBIICHUS, MHUIAATH3ALUU U PAOOTHL namsTh. [lepedancimMBplil THIT enum 715l IMEHOBaHUS
a LIEJIOYHMCIIEHHBIX KOHCTAHT. BUTOBBIE MOJIS ISl SKOHOMHH HaMSATH
MIpH XpaHEHUH (Iaros.
OCOOCHHOCTH «YITaKOBKW» B MaMSITH. OCOOCHHOCTH YIIAKOBKH CTPYKTYp B MAMSITH: BBIPABHUBAHUEC MOJICH
13.2  |[Ipumepsl ncnonp3oBaHus. JnHAMUYECKHE Ut 3P PEKTHBHOTO JOCTYIIA, BOBMOXKHBIE IyCTOTHI Mexay moisivu. | JIK, JIP

CTPYKTYPHI IaHHBIX: BEKTOP, ouepenb (CTeK),

JluHamuueckue CTpYKTyphl JaHHBIX: BEKTOP ¢ aBTOMAaTH4YECKUM
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CIHCOK, KaK ITPUMepBl OpraHu3alyy paboThl C | paclIMpeHHeM MpH 3anoyiHeHnd. Ouepens CTeK ¢ AUCHUIUTNHOM
CTPYKTYPHPOBaHHBIMH JAHHBIMH B obcmyxuBanus FIFO. Cricok ¢ y3naMu, CBSI3aHHBIMHU
JMHAMHIECKOM PEXUME. YKa3aTeIsIMH.
CunTakcuc 00padboTku uckmodeHnit B C++ ¢ 6mokamu try, catch n
throw. brok try nms o6opaunBaHus KO, TI€ BOSMOKHO
CHHTaKcHC orepannuu 00padboTKu
Paznen 14 |IlepexBat ommnbok 141 . BO3HUKHOBeHHUE omuOKH. biok catch mis mepexsara  00paboTkm JIK, JIP
uckiodeHni. [Ipumeps! Hcnoabp30BaHus. .
HCKJIIOYEHUS orpeaenéHHoro tumna. Onepanus throw mis
TeHEpaIMU HCKITIOYCHUS C epeaadei 3HaYeHUSI-NCKIIIOUEHHS.
[ToTok kak abCTpakLus MOCIEA0BATEILHOCTH IaHHBIX,
IepelaBaeMblX MEXly POrpaMMOi U YCTpoicTBOM. bydep kak
[Monsitue nmoroka u Oydepa. Knasnarypa, P Y porp yerp ybep
. . BpPEMEHHOE XpaHWIHIIE JAaHHBIX MPH OIepaluax BBOAA-BbIBOAA IS
9KpaH U (ailyl KaK UCTOUYHHK U IIPUEMHHK .
151 nossieHus 3¢ dexrruBaoct. KnaBuarypa, skpas u ¢aiin kak JIK, JIP
JaHHbIX. OpraHu3amys NOTOKOB BBOAA U N
TUIWYHBIC UICTOYHUKH U TPUEMHUKH JaHHBIX. OpraHu3anus
BBIBOJIA JAHHBIX B C++. . .
MOTOKOB BBOJa-BhIBO/Ia B C++ uepe3 Kiacchl iostream, ifstream,
ofstream.
3amuch JaHHBIX B TOTOK Y€pe3 Ollepanuio BCTaBKH. UTeHHe JaHHBIX
3amnuch TaHHBIX B OTOK M YTE€HHE JTAaHHBIX U3
13 TIOTOKA Yepes3 Oleparuio u3BiedeHus. [lo3unnonnposanme
Paznen 15 | BBoa-BeIBO TaHHBIX notoka. [lo3uimonupoBanye JaHHbIX B
. JaHHBIX B MTOTOKe ¢ pyHKumsMu seekg 1 BBoa U seekp st
15.2  |mortoke. PexxuMel paboTHI ¢ (aiimaMu: 4TeHue- . JIK, JIP
N . BbEIBO/IA. PexxuMbl paboThl ¢ daiinamu: dTeHne, 3amick, 100aBIeHue,
3aIKCh, CAIMBOJIHBIMTEKCTOBBIA (hOpMaT 1 MX . . .
CHMBOJIbHBIH TEKCTOBBIN (opmar, OMHApHBIN Gopmar 1 ux
KOMOWHAIHA
KOMOWHAINH.
TexcroBble (aiiiibl ¢ XpaHEHHEM JTaHHBIX B BUJIC CHMBOJIOB,
TexcroBbie 1 OMHApHBIE Baiiibl, U yIoOHBIE 7Sl YTCHUS YeI0BeKOM. bruHapHbIe Gaiibl ¢ XpaHeHHEM
15.3 |0cOOEeHHOCTh B HUX XpaHEHUs JaHHbIX. Daiiibl | JaHHBIX B TOM K€ BHJIE, YTO U B MaMATH, 00JIee KOMIIAKTHBIC U JIK, JIP
MPSMOTO JOCTyIa OpICTpBIe 11 yTeHus. Pailiibl MPSIMOTo JOCTYIa ¢ BO3SMOXKHOCTBIO
TepeMeIIeHNs K TPON3BOJIFHON 3aicH 06€3 YTeHNUS MPeIblIyIHX.
Co3maHune KJIaccoB 4epe3 KIIoYeBoe clioBo class ¢ Habopom mosen u
Co3manne knaccoB U 00bekToB. HacTpoiika MeTo710B. Moan¢ukaTops! foctymna: public s OTKPEITOTO
161 Mou(uKaTopoB goctymna: public, private u JIOCTYIIa, private Juis 0cTyIa TOJIbKO BHYTPH Kiacca, protected s K. JIP
' protected. /IpyxecTBeHHbIE (GYHKIIHH U JIOCTYyIIa BHYTPH KJIacca ¥ HaclleIHUKOB. [lpyecTBeHHbIE (QyHKIIUH ’
Pasnen 16 OOBEKTHO-OPUEHTUPOBAHHOE KJIACCHI. 1 KJIACCHI C KITFOUEBBIM ciI0BOM friend juist ocTyna K 3aKpbIThIM
nporpaMMupoBanue B C++ YJICHAM.
KiroueBoe cnoBo this. Opranuzanus onepanun | KimroueBoe cioBo this kak yka3arenb Ha TEKyIUH 00bEKT BHYyTpH
16 |HACUENOBAHMS B 3bIKE C++. BuptyanbHsle MeTOoJI0B Kiacca. HacnenoBanue yepes ABOETOUME MOCIIE UMEHU JIK. TIP
. 9

¢ynkmy 1 neperpyska GpyHkuuii n
OIIepaTopoOB.

KJlacca ¢ yKkazaHueM 0a30BOro kiacca. BupryanpHbie hyHKIHH C
KIJIFOYEBBIM CIIOBOM Virtual it AMHAMUYECKOTO MOTMMOPHU3Ma.
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[leperpyska QyHKIuMi ¢ OANHAKOBBIM HMEHEM, HO Pa3HBIMH
napamerpamu. [leperpyska oneparopoB depes3 KII0IEeBOE CIOBO
operator.
CrangaptHast 6ubimoTexa mabioHoB STL ¢ koHTeltHEpamu vector,
list, map, set. Anropurmsr STL: copTrpoBKa, HOMCK, KOTUPOBAHHE
00630p 1 npuMeps! uctonb3oBauust STL u » Map, p pTIp ’ ’ PO ’
Paznen 17 |Mcnonp3oBanne ONOITHOTEK 171 BOOST mpeobpaszoBanue. Mteparops! st 06xoxa aneMeHToB KoHTelHepoB. | JIK, JIP
Bubmmorexa BOOST ¢ pacmmpeHHBIMH BO3MOXKHOCTSIMHU: YMHBIE
YKa3aTelu, peryisipHble BhIPa)KEHHS, MHOTOIIOTOYHOCTb, TPa(BbI.
Knaccudukarys BEIYUCINTENBHBIX ccTeM N0 DIMHHY € YeThIPhMSI
kareropusimu. LleHTpalbHbIE IPOLIECCOPBI C APXUTEKTYPOI,
ONITUMH3HPOBAHHON JJIS TOCIIEA0BATEIbHBIX BEIYUCICHUHN.
K1acCHQUKAIMA BLIMUCTUTELHEIX CHCTEM. I'padmueckue nporeccopsl ¢ MACCOBBIM HAPAILIETHU3MOM IS
18.1 |CPU u GPU npoueccopbl. XapakTepUCTHKN P p P P JIK, JIP
00pabOTKH MOTOKOB JIaHHBIX. XapaKTEPUCTUKH MapajuielIbHbIX
HapanjelbHbIX aITOPUTMOB
ITOPUTMOB: yCKOpeHue 1o Amany, 3¢p(GeKTuBHOCTb
HCTIONB30BAHMA PECYPCOB, MACIITAONPYEMOCTh IIPH POCTE JaHHBIX
[TapannensHble aXTOPUTMBL U
Pasznen 18 CHCTEMEL U IIPOLIECCOPOB.
THITBI HETIOCIIETOBATEIILHOTO Twursl HeNocIe10BaTENFHOTO MPOTrPAaMMHPOBAHUS: TTapaJlIeIIbHOE,
nporpaMMmupoBanus. CTaHAapThl KOHKYpeHTHoe U pacnpezaenénnoe. Crangapt MPI st
NapaJuIeJIbHBIX BBIYHCIICHHUH: B3aNMOICHCTBHE |B3aNMOAEHCTBUS MEX/Y Y3/1aMH CyIIepKOMITBIOTEpa Yepe3
18.2 |Mexnay y3IamMu CyIepKOMITBIOTEpA, nepenagy cooduiennii. Crangapt OpenMP miist B3auMonecTBUS JIK, JIP
B3auMoieiicTBre Mexay sapamu ogHoro CPU | Mexy simpamMu 0JJHOTO Ipolieccopa depes pas3IersieMyto aMsTh.
BHYTPU OJIHOTO y3JI1a, YCKOPUTEIU BHYTPU TexHonoruu amns yckopuresnei BHyTpu ojgHoro y3na: CUDA u
OJTHOTO y3J1a OpenACC.
Hepapxudeckast CTpYKTypa IMaMATH: PETUCTPHI, KA1 IIEPBOTO U
Opraau3anus BEIYUCICHUHN C yUETOM BTOPOT'O YPOBHS, OIIEpaTUBHAS TAMATh, BHEIITHUE HAKOITHTEH.
19.1 |uepapXxuvecKol CTPYKTYpbI IAMSTH. Opraan3anus BEIYUCICHUH ¢ MUHIMHU3AIe o0pameHnii K JIK, JIP
Bydepu3zamnus npu 4TeHNH U 3aIHCH. MeIJICHHBIM YPOBHSM NaMsATH. Bydepnzanus npu yTeHnn u 3amicu
JTAHHBIX OJOKaMU JUIS CHIDKEHUSI YHciia ONeparyii BBO1a-BBIBOJA.
Pasen 19 ANrOpuUTMBI BO BHELITHEH CIoXHbBIE N TUHAMHYECKHE CTPYKTYPHI IaHHBIX, a/lalITUPOBAHHbIC
HaMsTH JUISL XpaHEeHUsI Ha JICKEe. AJNTOPUTMBI Ha rpadax BO BHEITHEN
CnoxHble ¥ AUHAMHUYECKUE CTPYKTYPBI
., |mamsru: ooxon B mmpuny BFS 1 00xox B rmyouny DFS c
JIaHHBIX. AJITOPUTMBI Ha rpadax BO BHEIIHEH 9 .
19.2 ONTUMHU3AIKEH Yuciia oOpaleHui K AucKy. [Iouck CBA3HBIX JIK, JIP
namst (BFS, DFS, nouck cBs3HbIX o
KOMITOHEHT Tpada Oe3 1moHoit 3arpy3ku B namsith. [loctpoenue
komrtoHeHt, MST)
MHHHUMaJIbHOTO 0cTOBHOTO JiepeBa MST st rpados, He
MTOMENTAIONINXCS B ONEPATHBHYIO TAMSTh.
Paznen 20 | Texnomorust OpenMP 20.1 |IlapansesnbHble BBIYHUCICHUS C ITapaJinesibHble BBIYMCIEHUS C UCIIOJIB30BAHUEM CTaHAapTa JIK, JIP
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padoThI
UCTIOoNb30BaHNeM cTaHgapTa OpenMP. OpenMP 1111 MHOTOIIOTOYHOTO NPOrPaMMHUPOBAHUS Ha si3bIKax C,
C++ u Fortran. OCHOBHBIE CBEIIEHHS O MOJIENH TapaJjiesiu3Ma ¢
paznenseMoi mamAThi0. HUTH Kak eIMHMIIBI BBITTOIHEHUS U
MIPOLIECCHI KAK KOHTEUHEPHI JUIs HUTEM.
[MapannensHble 001acTh ¢ qUpeKTHBOH parallel ast co3nanns myna
nureil. [locnenoBarenbHbIe 001aCTH, BBIOIHAEMbIE TOIBKO
OcHoBHBIE cBeZieHUsL. HuTH 1 mporieccsl. . .
20.2 TJIABHOW HUTHIO. J{upeKTuBa single i BEITOHEHHS 0JI0Ka KoJa JIK, JIP
[TapamrensHble U MTOCIEOBATENbHBIE 00TACTH .
OJHOM HUTHIO. JlMpeKTHBa master IJIs BEIMOJHEHHUS OJI0Ka KoJa
TJIaBHOM HUTBIO.
[MapannenbHble HUKIBI ¢ JUPEKTUBOU for Ay pacnpeneneHus
urepanuid Mmexay Hutsmu. JJupextusa parallel for kak
TTapane;bHbIC WHICTB! H apaJLe bHbIe 00beAMHEHNE CO3/JaHus MapalljIeIbHON 00JIaCTH U MapaiIeIbHOTO
20.3 |oOmacTH. ABTOMaTHYECKOE p p JIK, JIP
IUKJIa. ABTOMaTH4ecKoe pacnapasule/IiBaHue UKIOB
pacnapauleIMBaHus [IUKIIOB. .
KOMITMJIITOPOM C aHAJIH30M 3aBUCHUMOCTeH 1o faHHBIM. Kiay3yna
schedule myst ynpaBieHus cmoco00M pacTpeieIeHUs] HTEPaInii.
[TapannenbHble BBIYUCIEHUS C UCTIONIb30BaHUEM cTaHaapTa MPI
JUISL pactipeieIEHHbBIX CUCTEM ¢ Tepefadei coodmennii. OcHOBHBIE
[MapaniensHble BEIYUCICHUS C CBEJICHHUS O MOJICITN B3aMMOAEHCTBUS ITPOIIeccOB 0e3 paszienseMoit
21.1 |ucnons3oBanueMm crangapta MPIL. OcHoBHblie |mamsT. OcHOBHbIE pouieaypsl MPI: nauimanuszamnus MPI_Init, JIK, JIP
cBeneHus. OcHoBHBIE mpoueaypst MPI. 3aepmeHne MPI Finalize, onmpeneneHue padra mporecca
MPI_Comm_rank, ompeneneHue 9rcia IpoIeccoB
MP1_Comm_size.
Paszgen 21 | Texuomorus MPI Tumnel qanabix MPI 1715t onrcaHust COAEPIKUMOTO COOOIIICHHIA:
6a3oBbie Tisl MPI_INT, MPI_ FLOAT, MPI DOUBLE u
npousBogHbIe. CTIOCOOBI Tepe1aun COOOIIEHUH: OIOKUpYIOIINe
Tunet ganaerx MPI. Crioco0Ob1 epenaun P A pen B pyrom
. . |omeparmm MPI_Send u MPI Recv ¢ oxxunanueM 3aBepuieHHs.
21.2  |coobuienwuii. [Tpuem u nepeaaya cooOueHNi = = . | JIK, JIP
DOLCCCAMH Hebnoxupyrome onepannu MPI Isend m MPI Irecv ¢ mpoBepkoii
port roroBHOCcTH uepe3 MPI Wait i MPI_Test. KonnextuBHble
onepanmn: MPI Bcast nnst paccsuiku, MPI Reduce mist cepTkw,
MPI Barrier st CHHXpOHH3AIIHH.
[MapannenbHble BBIYUCIEHHS C UCIOIb30BAHUEM CTaHIApTa
221 [MapannenbHble BBIYUCIECHUS C OpenACC nns mporpammupoBanus yckopureneid GPU. JlupexTuBbl JIK. JIP
' ucnons3oBanueM crangapra OpenACC KOMIMISATOPA AJIs IEPEHOCA BBIUUCIEHHH Ha YCTPOUCTBO. ’
Pazgen 22 | Texnonorust OpenACC
IToanepsxka si3pikoB C, C++ u Fortran.
229 0630p npousBoaurensHoctd GPU B O0630p npousBoautenbHoctd GPU B npuoxeHusx: riryobokoe JIK. JIP
. 9

Pa3JIMYHBIX MPHUITOKCHUAX. CpaBHeHI/Ie

oOydeHune, Hay4dHble pacuEThl, 00paboTKa H300paKEHUI.
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Bun

Homep HaumenoBanmue pasgeia .
HanmenoBanue TeMbl ConeprxaHue TeMbl y4eOHOoii
pa3nena AUCHUTLTUHBI %
padoThI
BBIYHMCIIUTEIBHBIX ycKopuTeneld. OCHOBHBIC CpaBHeHHE BBIYUCIUTENBHBIX YCKOPUTENIEH OT pa3HbIX
MPUHIUIIBI JOCTHKEHHS BBICOKOH MIPOU3BOAUTENIEH 110 TUKOBOH IPON3BOJUTEILHOCTH U
MPONU3BOIUTENEHOCTH sHeprodhpexTuBHOCTH. OCHOBHBIC IPHHIHIBI JOCTIDKECHHS
BBICOKOH ITPOM3BOANTEIBHOCTH: OOBEANHEHNE JOCTYIIA K TTAMSTH,
n30eranue pacCHHXPOHHU3ALIH ITOTOKOB.
IIpeumymectBa OpenACC nepen HU3KOYpPOBHEBBIMH MOAXOAAMU:
MEHBIIE KOJ[a, TIEPEHOCHMOCTh MEXIYy Pa3HbBIMU YCKOPHTEISIMU.
Mozenp UCTIONHEHHS C TPEMs YPOBHSIMHU Hapajuleliu3Ma: gangs
[IpenmymmectBa OpenACC. Mopenb A P yP P gang
rpyImbl OJIOKOB, workers MoArpymIisl, vectors BEKTOPHBIE HUTH.
22.3 |ucnonHeHus: gangs, workers, vectors. . JIK, JIP
Jupexrua parallel s napamnensHoit oonactu. Iupekrusa kernels
Jupexrtussl paralallel, kernels, loop
JUIS aBTOMAaTHYECKOT0 pacnapajyieSIMBaHNs yJacTKa KoJa.
JupektuBa loop ¢ ykazaHueM ypoBHe# napajuienuima gang,
worker, vector.
ATpuOYTHI IaHHBIX JUIsl YIPABJICHHS TIEPEMEILIEHUEM JaHHbIX
MEXIY XOCTOM U YCTpOHCcTBOM. Pernons! naHHbIX: AUpeKTHBa data
ATpuOyTHI naHHBIX. PernoHsb! nanHbIX: data, y yerp ¢ A1p
. JUISL JUTNTEIBHOTO IPEOBbIBAaHMS ITaHHBIX Ha YCTPOHCTBE. JJMpeKTHBEI
enter data, exit data.JloOJIHUTEIbHBIE .
22.4 enter data u exit data IJIst pyqHOTO YIIpaBJICHUS IPUCYTCTBHEM JIK, JIP
KOHCTPYKIIMH yTIpaBJIeHUs JaHHBIMHU: cache,
update, declare JaHHBIX. /loNONHUTENbHBIE KOHCTPYKIHNU: cache 1uist KammpoBaHus
' JAHHBIX B pa3zessieMoil maMaTH, update 11t OOHOBJICHHS TaHHBIX,
declare uis1 T7100aBHBIX IEPEMEHHBIX.
ACHHXPOHHOE UCIIOJIHEHHE C TUPEKTUBAMH async M wait st
. HaJIO)KEHHS BBIYMCIICHUH M TIepe/lauyl JaHHBIX. ATOMapHbIe
ACHHXPOHHOE HCTIOIHEHHE - ASyNC M Wait. OTepalyy JUIsl 3alUThI OT TOHOK JaHHBIX TP NapajuleIbHOM
22.5 |ArtomapHsle oneparuu. [ 106a1bpHbIE P pH T1ap JIK, JIP
noctyne. ['mobanpHbIe IEpeMeHHbIe ¢ AupekTrBaMu declare aiis
nepemenHsie. OpenACC B C++ .
ucnosb3oBaHus Ha ycTpoiictse. [Ipumenenne OpenACC B C++ ¢
TOJIAEPYKKOH KJIACCOB, MAOJIOHOB U CTAHAAPTHON OMOIHOTEKH.
Apxutexrypa GPU ¢ MHOXKeCTBOM OTOKOBBIX
MYJIBTHUIIPOLECCOPOB, KaX/IbIi U3 KOTOPBIX COAEPIKHUT MHOTO SiJiep
CUDA. Uepapxus mamsatu GPU: rimobanpHast naMsTh 1715 BceX
Apxutexrypa GPU. Hepapxus namsatu GPU. pap o
231 MIOTOKOB, pazjeisieMast IaMITh BHYyTpHU OJIOKa, JIOKaJIbHAs TaMsITh JIK, JIP
IIporpammuas mogens CUDA. .
Pasnen 23 IIporpammHo-annapaTHas JUIS OTAEIbHOM HUTH, perucTpsl. [Iporpammuas monens CUDA ¢
A apxurexktypa CUDA CEeTKOM OJIOKOB, OJI0KaMy HATEH M OTAEIbHBIMU HUTAMU. DyHKIMN
kernel ¢ xBasmduratopom global mist BeimosnHenust Ha GPU.
Hcnons3oBanue 6nbanorex C++ 1 nporpaMMUpPOBaHKs Ha
Hcnonb3oBanue 6ubnmmnorex C++ juist N JULTPOTD P
23.2 OpenCL: 6ubnuoteku 00EPTKU AJIs1 yIPOIIESHUST pabOTHI C JIK, JIP

nporpammupoBanus Ha OpenCL u CUDA

mw1athopMamMu, YCTPOHUCTBAMH U OYepeAsIMA KOMaH/.
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Bun

Homep HaumenoBanmue pasgeia .
HanmenoBanue TeMbl Copep:xaHue TeMbl y4eOHoi
pas3nesa AUCHUTLTUHBI %
padoThI
Ucnonw3oBanue oudaunorek mis CUDA: cuBLAS st nuneiHoO#M
anreopsl, cuFFT ms Gsictporo npeobpazosanus ypre, Thrust mrs
anroputMoB ¢ KoHTeitHepamu. CpaBaenmne OpenCL kak kpocc-
mratpopmernoro cragnapra 1 CUDA kak mpornprerapHOi
texHosoruu NVIDIA.
[NonsTre pacnpeneaéHHOM CHCTEMbI KaK COBOKYITHOCTH
. HE3aBHCUMBIX KOMITBIOTEPOB, B3aHMOJCHCTBYIOIINX YEPE3 CETh.
TToRsTHE pacNIpeACICHHO CHCTEMEI Buns! pacnpenenéHHBIX CHCTEM: KIMEHT-CEpBEPHbIE
24.1 |o6pabotku nHdopmannu. Bunsl 1 cBoiicTBa pactip P PBEPHPIC, JIK, JIP
OJTHOPAHTOBbIE, TeTeporeHHbIe. CBOMCTBA pacHpeeéHHbIX CHCTEM:
pacrpeieleHHBIX CUCTEM. N
MaclTabupyeMocTh, OTKa30yCTOWYNBOCTb, IIPO3PAYHOCTH,
OTKPBITOCTb.
ApXHTEKTypa MporpaMMHOro obecrieueHus: HHPOPMAITHOHHBIX
CHCTEM C pa3/ieJIeHHeM Ha YPOBHHU NPEJICTaBICHUS, OU3HEC-IOTUKU
BBenenue B pacnpesiereHHbIE ApXUTEKTypa IPOrpaMMHOTI0 00ecTIedeHUs N
Paznen 24 U JIOCTyTIA K JaHHBIM. YTIpaBJIeHHUE B3aUMOCHCTBUEM
00BEKTHBIE TEXHOJIOTHU 24.2  |uHPOPMAIMOHHBIX CHCTEM. Y IpaBJICHHE N JIK, JIP
. .. | pa3HOPOIHBIX IIPUIIOKCHHH Yepe3 0OIIre MPOTOKONEI U (hopMaThl
B3aUMO/ICHICTBHEM Pa3HOPOIHBIX PHUII0KEHUN
JaHHbIX. [Ipo6i1eMbl pa3HOPOIHOCTH: ONEpalMOHHbBIE CHCTEMBI,
SI3BIKH [TPOTPaMMHPOBAHUS, CTPYKTYPbI JaHHBIX.
OCHOBHBIE MEXaHM3MbI pacHpeIeNIEHHBIX 00BEKTOB: yaaIEHHBIN
BBI30B NPOLENYD, YAAIEHHAS aKTHBAKS 0OBEKTOB, MapIIaIUHT 1
OCHOBHBIE MEXaHU3MBI pacIpeieIeHHbIX N
24.3 . JleMaplIaJIMHT apaMeTpoB. CBs3bIBAHUE KIMEHTA C yAaIEHHBIM JIK, JIP
00BEKTHBIX TEXHOJIOTHH. R
00BEKTOM Uepe3 peecTp UMEH. Y IPaBIICHHUE KU3HEHHBIM [TUKJIOM
pacnpeenéHHBIX 00BEKTOB.
Bunas! pacnpenenéHHBIX TPUIIOKEHUN: BEO-TIPUIIOKECHNUS,
KOpHOpaTHBHbIE HHPOPMAIIMOHHBIE CUCTEMBI, CUCTEMbI PEAJILHOTO
. BpeMeHHu. O0JIa4HbIe TEXHOJIOTHH C TIPEIOCTaBICHUEM
Buns! pactipeieIeHHBIX TPHITIOKEHUH.
BBIUHCIIUTENFHBIX PECYPCOB Kak yciuyru. OnpeaeneHne 00IaqHbIX
Obnaumpie Texros0rHH. Onpenenenne BBIYKCIICHUI Yepe3 MATh KIIF0YEBbIX XapaKTePUCTHUK:
25.1 |00ysayHbIX BEIYUCIIEHUI. MHOrOCIOWHAS p " P P ) JIK, JIP
. camMo0O0CITy)KUBaHHE, IUPOKHUIT CETEBOH TOCTYTI, YN PECYpPCOB,
OCHOBHBIE MOJETH ApXHUTEKTypa 0OIaYHBIX MTPUIIOKEHHH. =
N OblcTpoe MacmTabupoBaHue, U3MEPIEMOCTb. MHOrocoiHas
Paznen 25 | pacnipeseneHHBIX 0OBEKTHBIX KoMIoHeHTBI 0071a4HbIX PHII0KEHHH. ..
TeXHONOMi apXUTeKTypa 0OJauHBIX PUIIOKEHUI: HHPpACTPYKTypa Kak
ycayra, miatdopma Kak yciryra, IporpaMMHOE 00ecIiedeHHe Kak
ycayra.
JlocronHcTBa 00IaYHBIX BEIYUCIICHU: CHIKEHHE KAalTUTaIbHbIX
JloCTOMHCTBA M HEJNOCTATKU 0OJIaYHBIX
. 3aTpaT, 3JIaCTHYHOCTB, OIIaTa 1o (hakTy HCIOJIb30BAHUS.
25.2  |Bbraucnenuii. HanGonee pacnpocTpaHeHHbIe JIK, JIP

obnauneie matdopmbl. GRID-TexHOMOTHY.

Henocrarku: 3aepKKu ceTH, BOIPOCHI 0€30M1aCHOCTH, 3aBUCHMOCTh
oT npoBaiinepa. Hanbonee pacnpocrpanéHHble 00IagHbIC
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Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

iatdopmel: Amazon Web Services, Microsoft Azure, Google
Cloud Platform. GRID-Texnomoruu mis 00beIUHEHNS
pacrpenenéHHbIX BRIYICIUTEIPHBIX PECYPCOB B SMHYIO CHCTEMY.

25.3

Apxurekrypa GRID. Crangaptet GRID.
[TapameTpuueckue Moaenu
npousBogutensHocT GRID. CpaBHeHue
GRID u O61a4HBIX BBIYHUCICHUH.

Apxutexrypa GRID ¢ ypoBHsAME: (haOpHUIHBIA YPOBEHB PECYPCOB,
YPOBEHb NOAKIIIOUEHHS, YPOBEHb KOJIIJIEKTUBHBIX CEPBUCOB.
Crangaptel GRID ot opranuszanuu Open Grid Forum.
[Tapamerpuueckue moaenu npoussoaurenbHoctu GRID ans
OILIEHKH TpoITyckHO# crtocobHocTH. CpaBHerrne GRID u o6magnbIx
BerunciieHnii: GRID opueHTHpOBaHa Ha MakeTHYIO 00paboTKyY
3aja4, o0Jlaka — Ha CEPBHCHI 10 3aMpocy.

JIK, JIP

Paznen 26

[Tpobnems! nHTErpanun
MPUIOKEHUN

26.1

IIpo6neMbl HHTETpaLUH PHIIOKCHUH.
KomMmriekcHast uHTErpanus npuiioKeHuH.
Bpokeps! coobmenuii. Monens
B3anMoJIeiicTBHs "ITyOIMKanus/moanmcka”

[IpoOnembl MHTErpalHU IPUIOKEHUI: PA3HOPOTHOCTH IIaThOpM,
HECOBMECTUMOCTb (hOPMATOB JIAaHHBIX, 1yOINpOBaHUE
uHpopmanuu. KommekcHas nHTErpanus MpuioKeHUH Kak
CHCTEeMaTHYECKHUil MoJX0/] K 00beAMHEHNIO HH(OPMAITHOHHBIX
cucTeM IpennpusTusi. Bpokepsl cooOIEHN T KaKk IPOMEXyTOUHOE

3BCHO JJIA aCHHXpOHHOﬁ nepeaayn JaHHbIX MEKAY NPUITOKCHUSIMU.

Moens B3aUMOJCHCTBUS ITyOIHKAIAS-TIOIICKA C pa3JIelICHIEM
OTIIPABUTEIICH U MOJyJaTenel uepe3 TeMBI COOOIIeHUH.

JIK, JIP

26.2

CucteMsl ynpaBieHus: pabodnuM IOTOKOM.
CepBepbl IPUITIOKEHUH.

CucteMsl yrpaBieHUs pabo4uM IOTOKOM UT KOOPIHHAIINN
BEITIOJTHEHUSI OM3HEC-TIPOIIECCOB, COCTOSIIIIIX M3 MHOKECTBA IIaroB.
MapmpyTuzaius 3a1a4 MKy y9acTHUKaMH, KOHTPOJIb CPOKOB
BBINOJIHEHHUS, )KypHAINPOBaHHE COOBITHH. CepBepsl IPUII0KEHHUI
Kak IaTopma i BEITOTHEHNS KOPIOPATUBHBIX MPHIOKEHUN C
MOJIJIEPXKKOM TpaH3aKIHii, 0€30MIaCHOCTH, KJIACTePU3AINU U
MOJIKJTIOYEHUSI K 6a3aM JTaHHBIX.

JIK, JIP

* - zanmonHseTcs Toabko Mo QUHOM dopme oOyuenus: JIK — nexyuu, JIP — rabopamopnvie pabomot, C3 — npakmuueckue/cemMunapcrue 3ansamusl.
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6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
JleximonHast KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

KoMnbroTepHslii K1acc Uisl IPOBENEHUS
3aHSTUN, TPYNIIOBBIX U MHIAWBUIYaJIbHBIX
KOHCYJIbTaIMi, TEKYILEr0 KOHTPOJIS U
KoMIbroTepHBIN | MPOMEKYTOYHON aTTECTALNH, OCHAILICHHAS

KJ1acc NEePCOHATIBHBIMU KOMIIbIOTEPAMH (B
KOJIMYECTBE 3 LIT.), T0CKOH (IKpaHOM) U
TEXHUYECKUMHU CPEICTBAMHU MYJIbTUMEINA
MPE3EHTALH.

AyIuTOpHS JUIS CAMOCTOSITEIILHOU PaOOTHI
oOyJaronuxcs (MOXKET UCIOJIb30BATHCA IS

TSt .
A . | IpOBeIeHUs] CEeMHUHAPCKUX 3aHATHI U
CaMOCTOSITEIIbHON 9
KOHCYJIBTAITNH ), OCHAIIIEHHAS KOMIUIEKTOM
paboTsl

CreLMaNIN3UPOBaHHON MeOenu U
KoMibroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykassiaetcs OBA3ATEJIBHO!

7.  YYEBHO-METOJAMYECKOE W HWH®OPMAIIMOHHOE OBECNEYEHME
JTACHMIUINHBI

Ocnoenas numepamypa:

1. Python 3. Camoe HeoOxoaumoe. [Tpoxopenok H., [Iponos B., BXB-Ilerepoypr, 2019 —
610c.;

2. Python. Dxcmpecc-kypc. Cenep H., CIIO.: [Tutep, 2019 — 480 c.;

3. Anroputmel. CipaBounuk ¢ npumepamu Ha C, C++, Java u Python. Xaitneman J{x.,
[Tommuc I'., Cenkos C., CII6.: OO0 "Ansda-kaura", 2017 — 432 c.;

4. ITporpaMMupoBaHue Ha si3bIKe BEICOKOT0 ypoBHs. C/C++. XabuOymmmn W.111., CII6.:
BXBIlerepbypr, 2006 — 512 ¢

5. C-C++. CnpaBounuk nporpammucta. I'. llunar, Buneamc, 2003 - 429 c.;

6. [IporpammupoBanue Ha C++ B Visual Studio 2010 Express. IIpoxopenok H.A., 2010 —
71c

7. SA3p1x nporpammupoBanus C. bpaitan Y. Kepuuran, J[.M. Putun, Buneamc, 2015 —
288 ¢

8. A3pix mporpammupoBanust C++. Crpaycrpyn b., MapteinoB H.H., Mocksa: bunowm,
2011.-1135c.

9. [Mapamnensubie Beruncienus. Boesoaun B. B., Boesonun Bi. B., CI16.: BXB-
[TerepOypr, 2002

10. ITapannenbHOE U pacnpeieIEHHOE MPOrPaMMUPOBAHUE C UCTIOIb30BaHuEM CH++.
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Xw103 K., Xp103 T., M.: U3narennckuii fom «Bunbsamcy, 2004;
11. ITapannensHoe nporpammupoBanue ¢ ucnonab3oBanuem OpenMP. Jlesun M.I1. M.:
bunowm. JIaboparopus 3nanuii, 2008
12. Parallel programming with OpenACC. Farber R., Newnes, 2016 — 316 c.;
13. Texnonoruss CUDA B nmpuMepax: BBeJIeHHE B IPOTPaMMHUPOBaHHUE IPpauIecKux
nponeccopoB. Canaepe k., Kapapor 3. M.: JIMK Ilpecc, 2011 - 232 ¢
14. Pacnpenenennsie cuctemsl. [IpuHuunst 1 nmapagurmel. Tanenbaym J., Ban CteeH M.
CI16: ITutep, 2003. - 877 ¢
15. Pa3paboTka pacrpenencHubix npuioxennii Ha iatgopme .NET Framework. M.
Capa, P. bunn, X. lllennon, b. Mapk. CII6: ITutep, 2008. - 608 ¢
Lononnumenvnasn numepamypa:
1. ABTomMaTH3aIus paHeHHBIX 3aja4 ¢ moMolnbio Python: npakTuueckoe pykoBoaCTBE
11t HaunHarouux. Ceedtrapt Oi., M.:"UJ{ Bunbsamc", 2017 — 592 ¢
2. Yucnennsie MeTo bl BoruricnuTtenbhbiil npaktukyM. Badumesuu I1.H., M.:
«JIMBPOKOM», 2010 - 320 c.;
3. S3b1k nporpammupoBanus C. Jlekuun u ynpaxknenus. C. [Ipata, M.: U3narenbckuit
oM “Bunbamc”, 2013 — 960 c.;
4. C++. Cesamennsie 3Hanus. J[proxepct C., CII6.: CumBon [Lmroc, 2012 — 240 ¢
5. AnroputMmsbl. CripaBounuk ¢ mpumepamu Ha C, C++, Java u Python. Xaiitneman /[ x.,
[Tommuc I'., Cenkog C., CII6.: OO0 "Anbda-kaura", 2017 — 432 c.
6. AIropuT™MBbI IOCTPOEHHE, AHAJIU3 U pealin3aliis Ha s3bIKe IporpaMmupoBanus CH.
Bopoxuos A.B., Bunokypos H.A., Mocksa: M®TH, 2007 — 452 c.
7. IlporpammupoBanue u uHpopmaTika. AHToHIOK B.A., lIBanoB A.Il., Mocksa:
Ouznyeckuit pak. MI'Y um. M. B. Jlomonocosa, 2015 — 64 c.
8. IlocnenoBaTenbHble U NapajliesbHble anroputMbl. Musuiep P., Bokcep JI. M.: bunowm.
JlaGopatopus 3Hanuit, 2006
9. BeezeHue B mapajuieIbHbIE METOJIBI penleHus 3a1ad. SIkobosckuit M. B. M.:
N3 narensctBo MockoBckoro yausepeurera, 2013 — 328 c.;
10. Otnaaka npunosxxenuit 1 Microsoft NET u Microsoft Windows. P. Jlxxon. M.:
Microsoft Press. Pycckast Penakmms. 2008.
11. XML. Hogsle nepcrexktussl WWW. Bymopeit @, Tupeno O, Jakert M.
N3narensctBo: "MK Ilpecc", 2006. - 688 ¢
12. Yeprosckoii B. /1. ba3bl naHHBIX: Teopus U MpaKTUKA: YUeOHUK i OaKanaBpoOB.
CosetoB b. {., llexanosckuii B. B. M. FOPAWT, 2011.-459 ¢
Pecypcuvl ungpopmayuonno-menekommynuxkayuonnou cemu « dnmeprnemy:
1. 9bC PY1H u croponnne ObC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHUH 3aKJIIOYEHHBIX JOTOBOPOB
- DnekTpoHHo-6ubmoTeunas cuctema PY/IH — ObC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubauorexa oninan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbTaHT cTyfeHTa» www.studentlibrary.ru
- OBC «Tpounknii MOCT»
2. ba3bl JaHHBIX U TTOMCKOBBIE CUCTEMBbI
- OJIEKTPOHHBIN (POH]T TPABOBOW M HOPMATUBHO-TEXHUYECKOUN TOKYMEHTAIIUH
http://docs.cntd.ru/
- mouckoBas cuctema Jnnekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedepatuBHas 6a3a nanasix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 015 camocmosamenbHou pabomol 0OYUAOWUXCS NPU
0CB80EHUU OUCYUNTUHBL/MOOYIA*:
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1. Kypc nexuuit no qucuuminze « TeXHOIO0ruu NporpaMMHUPOBAHUSI.

* - Bce y4eOHO-METOIUYECKUE MATePUANIBl JJII CAMOCTOSATEIBHONW PaboThl 00yJatOIUXCst
pa3MeIarTCs B COOTBETCTBUU C ICUCTBYIOIIMM MOPsAAKOM Ha cTpaHulle quciuuruimabl B TYUC!
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PABPABOTYMUK:

HBauroxun Anekceit

JoueHt Bukroposuu
Jonocnocms, BYIT Tloonuce Damunus 1. 0.
PYKOBOJUTEJIb BYII:
Paszymusrii FOpuit
3aBenyromuii kadeapoit Hukonaeuu
Jonoscnocmo BYIT Tloonuce Damunus U.0.
PYKOBO/JUTEJIb OII BO:
Pazymusiii FOpuit
ITpodeccop Hukonaesnu
Honxcnocmo, BYITT Ioonuce Damunus U.0.
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