degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop BhICIIEH HIKOJIBI
NPOrpaMMHOI HHKCHePHHU
A.B. Manees

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: Pa3paboTka pacnpeieieHHbIX CUCTEM
10 HANPABJICHHUIO: [IporpammHas HHKEHEpUs
npo¢uib NOArOTOBKHU: Pa3paboTka nporpaMMHO-UH(POPMAMOHHBIX CUCTEM

BbICIIIAs! LLIKOJIA IPOTPaMMHOM HHXEHEpUU
BbICIIIAs! LIIKOJIA IPOTPaMMHOM HHXEHEpUU

Kypc: 3
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 5 (oceHHuil) - JuddepenuupoBannslii 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 48 yac.

Bcero gacos: 108, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: A.B. Co3bIkuH, KaH]l. TEXH. HayK, JOLIEHT

[Iporpamma obcyxieHa Ha 3aceflaHuU BBICIICH MIKOJBI TporpaMMHOi nHxenepun 13.05.2024



AHHOTANMA

B stoMm KypCC CTYACHTHI ITIO3HAKOMATCA C:

- TaKKe TOAXObI K pa3padoTke mapayieNbHbIX nporpamm, kak MPI, OpenMP;

- Boruncienus Ha rpadudeckux nporeccopax ¢ ucnonb3oBanuem CUDA.

- YCTPOHCTBO pacmpe/ieleHHbIX ouepeneii u xpanwmiy (ZooKeeper, Katka, Cassandra);

- OCHOBHBIE (hpeMBOPKH 11 00pabOTKK OONBIINX AAHHBIX U UX BHYTPEHHSISI CTPYKTYpa.

Kypc opuentupoBan Ha npakTuky. [[porpaMMupoBaHue mpeanoiaraeTcs Kak Ha CEMHUHapax, Tak U B KA4YeCTBE

JIOMAIITHETO 3a/1aHHUS.
1. lean u 3apa4n

].le.]'lb AUCHUIIINHBI
ITo3HakoMHTH CTyACHTOB C OCHOBaMHU

MHOTOpPOHCCCOPHBIX BBIYUCIUTCIIBHBIX CHUCTCM W [OaTb

MPaKTHYECKUH OMBIT paboThl ¢ TaKUMM cucTeMaMu. Kypc cOCTOMT M3 OBYX MOIyJNeH, MOCBAIIEHHBIX
MapaJyIeNbHBIM U pacHpeIeIeHHBIM CUCTEMAaM COOTBETCTBEHHO. [IepBbIil MOMYb UCCIIENYET CUCTEMBI
B IIOYTH «U/I€AJIbHBIX» YCIOBUAX, KOIZIA BEIUUCIUTENIBHBIE Y3JIbl U COEANHEHUS MEXKAY HUMU HaJleKHBI
u ObicTpbl. BTopoii Momynbs uccieyeT crnocoObl MOCTPOCHHS HAASKHBIX CHCTEM W3 HEHAIEKHBIX

KOMIIOHCHTOB.

3agauu AU CHUILIHHBI

B Xozme Kypca CTyIEHTHI MOJYYaloT MPAKTHUECKUE HABBIKM PabOTHI Kak C MapajulelbHBIMHU, TaK U C

pacupcCacIICHHbBIMUA CUCTCMAMU.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(OopManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIICHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT coOCTBEHHBIE CY)KJICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

YK-2 Cnocoben onpenensite Kpyr 3a1a4d B
paMKax IMOCTaBJICHHOH LIEIH U BEIOHPATH
OIITHMAJIBHBIE CTTIOCOOBI UX PELICHUS, UCXO/IS 3
JEHCTBYIOIUX ITPABOBBIX HOPM, UMEIOIIUXCS
PECYPCOB U OTpaHUYCHUHI

VK-2.1 ®opMynupyer COBOKYNHOCTh B3aUMOCBSI3aHHBIX
3aJa4 B paMKax I[IOCTaBJICEHHOW  1enu  paboThl,
o0ecreynBaroInX ee JIOCTHKEHUE. Omnpenensier
OXKUJaeMbl€ Pe3yJIbTaThl PEIICHUS TOCTABIEHHBIX 3a7a4y

OIIK-6 CriocobeH pa3pabarbsiBaTh ajJrOPUTMBI U
HPOrpaMMBbl, IPUTOHBIE JJISI IPAKTHYECKOTO
UCTIOJIb30BaHMSI, IPUMEHSTH OCHOBBI
MH()OPMATUKY U TPOrPAMMHUPOBAHHUS K
MPOEKTUPOBAHUIO, KOHCTPYHUPOBAHUIO U

OIIK-6.3 3HaeT METOIBI TECTUPOBAHMUS IPOTPAMMHOTO KOJIa
Ha OMmMUOKKM ¥ crmocoOeH TPOBOJANTHL TECTHUPOBAHHE Ha
pa3IMYHBIX  ypPOBHSAX  (MODYJIBHOE, HWHTETPAIlMOHHOE,
CHUCTEMHOE)

OIIK-6.2 YMeeT mpUMEHSThH SI3bIKU MTPOrPaMMHUPOBAHHUS IS
pelIeHUs MPUKIaIHBIX 3a/1a4

TECTUPOBAHUIO IIPOTPAMMHBIX IIPOAYKTOB OIIK-6.4 Hmeer HaBBIKM  NIPOrPaMMHUPOBAHHUS U
TECTUPOBAHUS MTPOTPAMMHBIX IPOTYKTOB
OIIK-8.3 VYmeer ONTUMHU3HPOBATH U  TPOBOJIUTH
pedakTOpHHT CYHIECTBYIOWIETO KOIa JUIs  YIIyYIIESHUS

OIIK-8 CriocoOeH OCyIIeCTBIATh MOUCK,
XpaHeHune, 00paboTKy M aHallu3 UHPOPMAITUU
U3 Pa3IMYHbIX HCTOYHUKOB M 0a3 JaHHBIX,
MPEJCTaBISThH ee B TpeOyeMoM (opmare ¢
UCIIONIb30BaHNEM HH()OPMAIIMOHHBIX,
KOMITBIOTEPHBIX M CETEBBIX TEXHOJIOTHI

MIPOU3BOJUTENILHOCTH H MOAJIEPIKKHI

OIIK-8.1 IloHnMaeT MPHUHLHUIBL, O KOTOPBIM paboTaroT
0a3bl JaHHBIX, M YMEET CO3/1aBaTb CTPYKTYpy MAaHHBIX,
ONTUMHU3UPOBAHHYIO i1 3(QQEKTUBHOIO XpaHEHHs U
00paboTKK HHPOPMAITUH

OIIK-8.2 VYmeeT npuMEHEHSATh TEXHOJIOTUH MAIIMHHOTO
00y4eHHs B Pa3UUHbIX NPUKIIAIHBIX 00JIacTIX




[IK-3 CniocoGeH mpoeKTUpOBarh,
pa3pabaTbIBaTh, HHTEIPHUPOBATh, MPOBEPSTH HA
paboTOCTIOCOOHOCTH MPOTPAMMHOE
obecrieueHue

[IK-3.3 YMeer uznarate OCHOBHBIE€ IIPUHIIUIIBI TTOCTPOESHUS
U BUJBI APXUTEKTYPbl IPOTPAMMHOTO 00eCcIieueH s, METObI
U CPEeACTBAa MPOEKTUPOBAHMS MPOIPAMMHOTO 00eCIeueHHs,
METO/IOJIOTUH Pa3pabOTKH NPOTPaAaMMHOTO OOECIICUeHUs: U
TEXHOJIOTUH ITPOTPAMMHUPOBAHUS

[IK-3.1 Paznu4daer cUHTaKCHUC SI3BIKOB MPOTPaAaMMHUPOBAHUS,
OCOOCHHOCTH TPOTPAaMMHUPOBAHUS HA OTHX  s3bIKaXx,
CTaHJIapTHBIC OUOIMOTEKHU S3bIKOB MPOTPAMMHUPOBAHHUS

[IK-3.2 YmeeT BbIOMpaTh S3bIKM NPOTPAMMHUPOBAHHS IS
HaIlMCaHUs IIPOIPaMMHOIO KOAA C YYETOM TEXHHMUYECKOIO
3a/laHus

[IK-5 CniocoGen mpoeKTUpOBarh,
pa3pabarbIBaTh, BHEAPSTH, CONPOBOXIATH U
CHHUMATh C JKCIUTyaTalui HH)OPMAIIMOHHEIE
CHCTEMBI

[IK-5.4 HWmeer mnpaxkTuueckuii omeIT  pa3paboTKw,
BHEAPEHUs] W aJanTalud [PUKIAZHOTO IPOTPaMMHOTO
obecrieueHUss HHGPOPMAIMOHHBIX CHCTEM B Pa3IWYHBIX
MPOrpaMMHBIX Cpeaax

[IK-5.3 Ymeer pa3pabarsiBaTh OIPOTOTUIT HHPOPMALMOHHBIX
CHCTEM B COOTBETCTBHMHU C TPeOOBAaHUSIMU U MPOBOJUTH €TO
TECTUPOBAHUE IS MIPOBEPKHU KOPPEKTHOCTHU
APXUTEKTYPHBIX PELICHUI

[IK-5.2 VYmeer ompenensaTe ONTUMAIbHBIE METOIbI U
WHCTPYMEHTBHl Pa3pabOTKH, BHEAPEHUs M aJalTaluu
MPUKJIaTHOTO MIPOTrPaMMHOTO obecrieueHus
WH(POPMALIMOHHBIX CUCTEM

[IK-5.1 VYMeer omnmchIBaTb apXUTEKTYpy, YCTPOWCTBO U
(yHKIIMOHUPOBaHUE HHDOPMAITMOHHBIX CHCTEM

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

THUIIBI U KJTacCH (UKL MHOTOIIPOIIECCOPHBIX BBIYHCIHTEILHBIX CHCTEM;

HPUHIMIIBI TIOCTPOSHUS PACIPEIeICHHBIX XPAHWINIL IAaHHBIX;

MPUHLUIBI TOCTPOEHUS pacnpeaeieHHbix 3xkocucteM (Hadoop / Spark);

pa3HuIa MeXIy (OZHO-) CEpBEpPHBIMH 0a3aMH JIaHHBIX U pacHpeelIeHHbIMU 0a3aMu JTaHHBIX;

teopema Ourepa-JIlnnya-Ilarepcona (FLP-teopema);
3HaTh OCHOBHBIE IpUHLKIIBI Paxos / Raft;
3HATh AITOPUTMBI cuHXpoHu3anuu Bpemenu (NTP, anroputm Kpuctnana)

[ J
[}
[ J
[}
® MOJCIIb aCHHXPOHHBIX BBIYMCIICHUM ¥ B3aUMOCBSI3b CO CTCIICHBIO HU30JIMPOBAHHOCTU TPAH3AKIIUU,
[}
[ J
[}
[ J

CTAaHAAPTHBIC 3aJlauu pacCHpCaACICHHBIX BBIYMCIICHUH (MHOFO&I[peCHBIe PaCCbUIKH, OCTCKTOPLI

OTKAa30B, WIEHCTBO, KOHCEHCYC, RSM)
YMETh:

® JICII0JIb30BaTh OMOIMOTEKY JUTs MTapauIebHBIX BhiuucieHuit OpenMP;

® JICTI0JIb30BaTh OMOINOTEKY IS apajuleibHbIX BhiuncieHuii MPI;

® J1ICII0JIL30BaTh pacipeseneHHyto ¢dainosyto cucremy HDFS;

® JICTIOJIB30BaTh CPeAy pacupeaeseHHbIX Beruuciennit Hadoop;

® 1ICII0JIb30BaTh paclpeeIeHHOe XpaHwnine faHHbIX Hive;

® yMeThb HCIOJb30BaTh NMPUMHUTUBBI pachpenesieHHbIX BeruucieHuit Lamport Timestamps, Vector

Clocks

® pelnTh NpobIeMy KOHCEHCYca B CHHXPOHHON CHCTEME;

® 1ICII0JIb30BaTh anroput™Mel Paxos / Raft.

BJIAJIETD:

® HAaBbIKU pa60TBI C MHOIonponeCCOPHbIMHU BbBIYUCIIUTCIBHBIMA CUCTCMAaMHU (B YaCTHOCTHU, C
napaJui€JIbHbIMH U paCclIp€ACJICHHBIMU BbIUYHUCINTCIIbHBIMU CHCTeMaMH)
® TOPU3OHTEI B BBI60p€ APXUTCKTYPHOI'O pCHICHUSA IIOCTaBJICHHOM 3aga4u.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA




TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Teopust pacnpenelneHHbIX BBIYHCICHUMA
1 (ypoBHH um3omsauuu Tpanzakiuii, CRDT, 15 15 24
CAP, FLP, Paxos, Raft)
B cie a a(ruyecKo
) BIYMCIICHUS H rpaduy M 15 15 24
mponeccope. CUDA-texHONOTHS
Hroro yacos 30 30 48
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoéMKOCTb 108 gac., 3 3au.ex.
4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 5 (Ocennuii)

1. Teopus pacnpeneneHHbIX BeruucieHui (yposau uzonsiuu tpanzakuuii, CRDT, CAP, FLP, Paxos,
Raft)

e Kitaccu¢ukanys MHOTOIIPOLIECCOPHBIX BBIYNCIUTEIBHBIX CHCTEM, MOJIEITH OTKA30B;

e Pa3HuIa MeX/y mapaulebHBIMU BEIYUCICHUAMH U PACTIpeIeICHHBIMU BBIYHCIICHHSMU;

e basnl gannbix: ACID, ypoau m3onsuuu. Pacnipenenennsie 6a3el nanabix: CAP, CRDT. Cuctemsr
AP u CP;

e Asnroputmbl cuaxponuzanuu Bpemenu (NTP, Cristian's Algorithm);

® CTaHAapTHHIC 3aJadd PacHpelesiCHHBIX BBIYUCICHHH (MHOTOAagpECHBIE PACCBUIKH, AETEKTOPHI
OTKAa30B, YWIEHCTBO, KOHCEHCYC, RSM);

e Teopema ®umepa-JIunga-Ilarepcona (FLP-teopema);
e OcHoBHbBIC IpUHIMIEI Paxos / Raft;

2. Beruucnenus ua GPU. Texunonorus CUDA
Apxurekrypa GPU.

YerpoticTo (Tpaduueckuii poreccop) u XocT. OOMeH JaHHBIMU MEXTy HUMHU.
Onrumusanma serynciennii Ha GPU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VY4eOHbIH Ki1acc 000pyI0BaH MYJIBTUMEAUHHBIM TPOEKTOPOM M SKPAHOM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Teopust v MpaKTHKa MapajlieNbHBIX BRIYUCIEHHH, yueOHoe mocobue / B. I1. I'eprens. — Mockaa,
HMHTYUT, 2016.— URL.: https://ibooks.ru/bookshelf/363224/reading (mara obpamenwus: 25.11.2020). -
[Momusrit Texer (Pexum noctyma : u3 cetu MOTU / YnanenHsiit 1ocTy)

JomnonHurensHas aureparypa




Pexomennyemas iureparypa 1jis CaMOCTOSATEILHOTO U3YUECHMUS:

- barumes, /1. C., & Muxenes, B. M. (2016). MadpacTpykTypa BEICOKOIPOU3BOAUTEIHHOMN
KOMITBIOTEPHON CHCTEMBI JJISl peau3alii 00Ja4HbIX CEPBUCOB XPAaHEHHS U aHAJIN3a TaHHBIX
HEePCOHAIBHON METUIINHBI

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He npexycmorpeno

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

KommbroTepHsiii kace. Ha ka oM KOMITbIOTEPE AOJDKEH OBITh T0CTYN B IHTEpHET U MpoTrpaMMHOE
oOecrieyeHne AJ1s1 TOAKIIIOUEHUS K YIaJICHHBIM CEpPBEpaMm.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHHE Kypca TpeOyeT OT CTYIEHTOB OOJBINON camocTosATeNbHOW padoThl. [Iporpamma
Kypca CONEpXHT MHHHMAIBHO HEOOXOAMMOE Bpems Juii paboThl CTyJACHTa HaJa TEMOW.
CamocrosiTenbHas padoTa BKIIFOYALT:

- U3y4eHue yueOHOro Matepuana (Ha OCHOBE KOHCIIEKTOB JIEKIIUH, y4eOHO! 1 HAyIHOU JTUTEPaTyphl),
IIOJTOTOBKA OTBETOB Ha BOIIPOCHI JUIsl CAMOCTOSITEIIbHOIO U3y4EHUS,

JIOKa3aTeJIbCTBO OT/ICIBHBIX 3asIBIICHHIM, CBOMCTB;

- IOArOTOBKA K PAKTUUECKUM 3aHATHIM, 6 HHAMBUYaJIbHBIX JOMAIIHUX 3aJaHUM.

ITpoMe:KyTOYHBII KOHTPOJIb 3HAHUH OCYIIECTBIISIETCS B BU/I€ MUCbMEHHBIX OIPOCOB (MHHHU-TECTOB) I10
TEOpUHU.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJICHUIO: IIporpammuas nHXEHEpHs

npopuJib NOArOTOBKHU: Pa3zpabotka nmporpaMmMHO-HH()OPMAIIMOHHBIX CHCTEM
BbICIIIas HIKOJIa HpOFpaMMHOfI HWHXXCHCPUU
BbICIIIas HIKOJIa HpOFpaMMHOfI HWHXXCHCPUU

Kypc: 3

KBaJIH(UKALUS: OakanaBp
Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 5 (oceHHuil) - JluddepeHpoBannbiii 3a4eT

Pa3paborunk: A.B. Co3bIkuH, KaHJI. TEXH. HayK, TOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCyIIecTBISATh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEIICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYET M BBHIOMpAeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

VYK-1.3 PaccmarpuBaeT pas3iIHyYHBIE BapHUaHTHl PELICHUS
3a[1auM, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamotHO, JIOTUYHO, apryMeHTHPOBAHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

YK-1.5 Ompenenser ©  ONEHUBACT  NPAKTUYECKHE
MOCIIE/ICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 3a/1a491

YK-2 CriocoGen onpenensite Kpyr 3a1a4d B
paMKax MOCTaBJICHHOM LENN U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOIS U3
JEHCTBYIOIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB U OTpaHUYEHUIN

VYK-2.1 ®opmynupyeT COBOKYNMHOCTh B3aHMMOCBI3aHHBIX
3aJad B paMKax  IIOCTaBJIGHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHIKEHHE. Omnpenensier
OXHJIa€MbI€ PE3yJIbTaThl PELICHHUS TIOCTABICHHBIX 3a]a4

OIIK-6 CriocobeH pa3pabaTbiBaTh ajrOPUTMBI H
POrPaMMBbl, IPUTOHBIC IS IIPAKTUIECKOTO
UCIIOJIb30BaHMS, IPUMEHSTh OCHOBBI
MH(OPMATUKHU U TIPOTPAMMHUPOBAHUS K
NPOEKTHPOBAHUIO, KOHCTPYHUPOBAHHUIO U

OIIK-6.3 3HaeT MeTOABI TECTUPOBAHUS MTPOTPAMMHOTO KOJa
Ha OWMOKKM M crnocoOeH NPOBOAWTH TECTHUPOBAHHE HAa
pasiMUHBIX ~ ypPOBHAX  (MOMYJIBHOE, HHTETPAllMOHHOE,
CUCTEMHOE)

OIIK-6.2 YMeeT NpUMEHATH S3bIKM POTPaMMHUPOBAHUS JIJIS
peleHus PUKIaIHbIX 3a1a4

TECTUPOBAHUIO IIPOrPAMMHBIX ITPOAYKTOB OIIK-6.4 lmeer HaBbIKM  NpPOrpaMMHUpPOBaHUs U
TECTHPOBAHHUS IIPOTPAMMHBIX ITPOITYKTOB
OIIK-8.3  VYmeer onTHMH3HPOBaTH M NPOBOIUTH
peaKkTOPUHT CyHIECTBYIOLIETO KOAa MU YIIy4IIeHHs

OIIK-8 CriocoOeH oCcylIecTBISTh MTOKCK,
XpaHeHue, 00paboOTKy 1 aHau3 UHPOPMaLIUU
U3 Pa3IMYHbIX HCTOYHUKOB U 0a3 JaHHBIX,
MPEICTaBIATH €e B TpeOyeMoM (opmare ¢
UCTIONIb30BaHNEM MH()OPMAIIMOHHBIX,
KOMITBIOTEPHBIX U CETEBBIX TEXHOJIOTHIH

MPOU3BOAUTCIBHOCTU U TOAACPIKKN

OIIK-8.1 TloHMMaeT NPHHIMUIIBI, TO KOTOPBIM paboTaroT
0a3pl JaHHBIX, M YMEET CO3/1aBaTh CTPYKTYpy MJaHHBIX,
ONTUMHU3UPOBAHHYIO U1 S(QQEKTUBHOTO XpaHEHUS U
00paboTky UHPOpPMALTUT

OIIK-8.2 VYmeeT NpUMEHEHATH TEXHOJIOTMU MAIIUHHOTO
00y4eHHs B pa3UYHBIX MPUKIATHBIX 00IacTAX

[1K-3 CnocoGeH mpoeKTUpOBarh,
pa3pabaTbIBaTh, HHTEIPHUPOBATD, IIPOBEPSTH HA
paboTOCTIOCOOHOCTD MPOTPAMMHOE
obecrieueHne

[IK-3.3 YmMeer uznarate OCHOBHbBIE€ TIPUHIIUIIBI TTOCTPOESHUS
U BUJBI APXUTEKTYPbl IPOTPAMMHOTO 00eCIieueH s, METObI
U CPEeACTBAa MPOEKTUPOBAHMS MPOrPAMMHOIO 00eCIeueHHs,
METO/IOJIOTUH Pa3pabOTKH NPOTPaAMMHOTO OOECIeUeHUs: U
TEXHOJIOTUH ITPOTPAMMHUPOBAHUS

[IK-3.1 Pa3znu4aer cUHTaKCHUC SI3BIKOB MPOTPAaMMHUPOBAHUS,
O0COOCHHOCTH TPOTPAaMMHUPOBAHUS HA OTHX  s3bIKaXx,
CTaHJIapTHBIC OMOIMOTEKH S3BIKOB MPOTPAMMHUPOBAHHUS

[IK-3.2 YmeeT BbIOMparh S3bIKM NPOTPAMMHUPOBAHHS IS
HaIlMCaHUs IIPOIPaMMHOIO KOAA C YYETOM TEXHHMUYECKOIO
3a/laHus

[IK-5 CniocoGeH mpoeKTUpoBarh,
pa3pabarbIBaTh, BHEAPSTH, CONPOBOXIATH U
CHHMMATh C JKCIUTyaTalui HH)OPMAIIMOHHEIE
CHCTEMBI

[IK-5.4 HWmeer mnpaxktuueckuii omeIT  pa3paboTKw,
BHEAPEHUs] W aJanTalud M[PUKIAZHOTO HPOTPaMMHOTO
obecrieueHUss HHGPOPMAIMOHHBIX CHCTEM B Pa3IWYHBIX
MPOrpaMMHBIX Cpeaax

[IK-5.3 Ymeer pa3pabarsiBaTh OIPOTOTUI HHPOPMALMOHHBIX
CHCTEM B COOTBETCTBHMHU C TPeOOBAaHUSIMU U MPOBOJHUTH €TI0
TECTUPOBAHUE ISt MIPOBEPKHU KOPPEKTHOCTHU
APXUTEKTYPHBIX PELICHUI

[IK-5.2 VYmeer ompenensaTe ONTUMAIbHBIE METOIbI U
WHCTPYMEHTBHl Pa3pabOTKH, BHEApPEHUs H aJalTaluu
MPUKJIaTHOTO IPOTrPaMMHOTO obecrieueHus
WH(POPMALIMOHHBIX CUCTEM




[IK-5.1 Ymeer ommchBaTh apXUTEKTYpy, YCTPOWCTBO U
($yHKUIMOHMPOBaHUE HH()OPMAIIMOHHBIX CUCTEM

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «Pa3pa60TI<a pacupeaACIICHHBIX CUCTEM» O6y‘laIOH.IHI>iC5I JOJIKCH:

3HAThb:

® TUIIBI ¥ KJIACCU(UKALIUS MHOTOIPOLIECCOPHBIX BEIYUCIUTENBHBIX CUCTEM;

® IIPHHIUITEI TIOCTPOSHHS PACIIPEIEIICHHBIX XPAHMITHUIL TaHHBIX;

® TIPUHIIUITEI TOCTPOCHMSI pacnpeneneHHbix dkocucteM (Hadoop / Spark);

® pa3HMIA MEXKAY (OIHO-) CepBEPHBIMU 0Oa3aMM AAHHBIX U paclpeleIeHHbIMU 0a3aMy JaHHBIX;

® MOJIeJIb ACHHXPOHHBIX BBIYMCICHUH M B3aUMOCBSA3b CO CTEIICHBIO H30JINPOBAHHOCTH TPAH3AKIIUH;

e tecopema Dumepa-Jlunua-Ilarepcona (FLP-Teopema);

® 3HATh OCHOBHBIC IPUHIMUIBI Paxos / Raft;

® 3HaTh aNropuTMbI cuHXpoHn3anun Bpemenu (NTP, anroputm Kpucrrana)

® CTaHJApTHHIC 33/1a4M PACIpPEAETICHHBIX BBIYMCICHUH (MHOTOAJpECHBIE PACCHUIKH, AETEKTOPHI
OTKa30B, WICHCTBO, KOHCEHCYC, RSM)

yMeTh:

® JICTI0JIb30BaTh OMOINOTEKY IS apauleibHbIX BhiuucieHuit OpenMP;

® JICTI0JIb30BaTh OMOIMOTEKY JUTS MTapauIebHBIX Bhiuucienuit MPI;

® JICII0JIB30BaTh pacipeneneHuyto ¢ainosyto cucremy HDFS;

® JICTIOJIb30BaTh CPEAly pacnpeaeNeHHbIX Beruuciennit Hadoop;

® JICII0JIB30BaTh pacipeesieHHOe XpaHuiuine AaHHbx Hive;

® yMeThb KCIOJIb30BaTh NMPUMHUTUBEI paclpe/elieHHbIX BeruucieHnii Lamport Timestamps, Vector
Clocks

® permuTh NpolsieMy KOHCEHCYCca B CHHXPOHHOH CHCTEME;

® J1iCII0JIb30BaTh anroput™Mel Paxos / Raft.

BJIaJeTh:

3. ep

4. llep

® HaBbIKM pabOThl C MHOTONPOLIECCOPHBIMU BBIYMCIMTENBHBIME CHUCTEMaMH (B YacTHOCTH, C
napajuIeIbHBIMU U PAacIpeeICHHBIMU BBIYUCIUTEIbHBIMI CHCTEMaMHU)
® TOPU30HTHI B BBIOOPE apXUTEKTYPHOTO PELICHUS TOCTABIEHHOH 3a1a4H.

¢4eHb THNOBBIX (IPMMEPHBIX) BONIPOCOB, 3aaHMIi, TeM ISl IOATOTOBKH K TEKYIeMY KOHTPOJIIO
He npenycmorpeno

€4YCHb THUIIOBBLIX (l'lpl/IMeprIX) BOIIPOCOB U TE€EM IJIA IPOBEACHUSA l'lpOMe)KyTO'-lHOﬁ aTTeCTalluu

oOyuaroumuxcst

UncTpyMeHTHI pacnpeeICHHBIX BEIYUCICHUH.

Onwucanue pacnpeneneHnoil Qaiinosoit cuctemsl HDFS, orkazoycToitunBocT n MacmrabupyeMocTH.
[Tnrocer u Munycet HDFS.

Haznauenue BropuuHoro Namenode 8 HDFS.

[Ipomutecc urenus u 3anucu nanaeix B HDFS.

Knacrepnas ctpykrypa Hadoop. Ponu cepsepa. Kak obecrnieunBaercsi 0TKa30yCTOMYUBOCTb.
IIpouecc BeITOTHEHUS 3a1a4y Ha Kiactepe. PacnipeneneHHbIid keml.

dopmanbHas moaens BeruucieHust MapReduce.

O6wembr Writable u WritableComparable.

Tumnbr komnaparopos B MapReduce.

Kakue sransl npunoxenns MapReduce nomkeH peann3oBaTh pa3pabOTUHK.

MapReduce: kxombaiinep, KoMnaparop, pa3aeauTeb.

[Ipumep Ouiera.
WMHCTpYMEHTHI pacpe/IeICHHBIX BEIYHCICHUH.
MapReduce: komOatinep, KoMIIaparop, pa3aeIuTelNb.




Kpurepun onennBanus
MIPEBOCXOTHO

10 BcecTOpOHHEE, CUCTEMAaTH3UPOBAHHOE, ITYOOKOE 3HaHUE Y4eOHOIrO IUIaHA AWCLUILUIMHBL U YMEHHE
YBEPEHHO NMPHUMEHATh MX Ha MPAKTHKE IPU PEIICHUH KOHKPETHBIX 3a/1ad, CBOOOTHOE U IPaBUIIBHOE
000CHOBaHHE MPUHUMAECMBIX PELICHUN;

9 cucremarndeckoe, TyOOKOe 3HAHME Y4E€OHOTO IJIaHA JTUCLUIUIMHBI U YMEHHE YBEPEHHO NMPUMEHSThH
WX Ha TPAKTUKE MPH PEIICHUH KOHKPETHBIX 3a/ad, MPaBWIbHOE OOOCHOBaHHE NPUHUMAEMBIX
peLIEHN;

8 rmy6okoe 3HaHME yueOHOTOo MiIaHa JUCIUIUINHBI U YMEHHE IPUMEHATh UX Ha MPAKTHKE NP PELICHUN
KOHKPETHBIX 3324, IPaBUJIbHOE 000CHOBAaHHE MPUHUMAEMBIX PEIICHH;

XOpOUINit

7 TBCPAO 3HACT MATCpUall, IPABUIIBHO U COACPIKATCIIBHO N3JIaracTt €ro, ymeCT NPpUMCHATD ITOJYUCHHBIC
3HAaHUA Ha MMPAKTUKE, HO JONIYCKA€T HCTOYHOCTH B OTBETC WJIM PCIICHUU 3a1a4;

6 3HaeT Marepuasl, IPaBUIbHO €r0 MPENOJAHOCUT, YMEET IIPUMEHSITH [10JyUYCHHbIE 3HAHUS Ha IPaKTHUKE,
HO JIOIyCKAaeT HETOYHOCTH B OTBETE WJIM PELIEHUM 337134,

5 3HaeT OCHOBHOU Marcpuall, MpaBUWIbHO H3JIaract €ro, ymMeCT MpUMCHATH IMOJTYYCHHBIC 3HAHUA Ha
IIPAKTUKE, HO JOIYCKA€T HETOYHOCTH B OTBETC WJIM PCIICHUU 3a1a4;

YIOBJIETBOPUTEIILHO

4 (parmeHTapHbId, (parMeHTApPHBIN XapakTep 3HAHWH, HENOCTATOYHO IMpaBHIbHAS (HOPMYITHPOBKA
OCHOBHBIX TOHSTHH, HapyIICHHWE JIOTMYECKOW IIOCIICOBATEILHOCTH B H3JIOKEHHE IMPOrPaMMHOTO
MarepHaia, HO IpU TOM OH BJIaJeeT OCHOBHBIMHU pa3jeliaMu y4eOHOW NpOorpaMmbl, HEOOXOAUMBIMU
JUTSL TATBHEHIIero 00y4YeHus, 1 MOXKET IPUMEHSTH ITOJyYCHHBIC 3HAHUS B CTAHIAPTHAS CUTYalus;

3 xapakTep 3HAaHWUH JOCTATOYEH IS JAJIbHEUIIEro OOydYeHUS W MOXKET MPUMEHHUTH ITOIyYCHHEIE
3HAHMSI Ha MOJIEJIH B CTaHJAPTHOM CUTYyallNH;

HEYJIOBJICTBOPUTEIIbHBIH

2 He 3HaeT OOJbIIEH YacTH OCHOBHOIO COAEP KaHUS yUeOHOTO IIaHa TUCLHUILINHEI, JOIYCKAeT Ipyoble
om0k B (OPMYIHPOBKAX OCHOBHBIX MOHATHH [AWUCHMIUIMHBI M HE 3HAET, KaK IPaBUJIBHO
HCIOJIB30BaTh NMOyYEHHBIC 3HAHUS IIPU PELICHUH THIIOBBIX MPAKTHUECKUX 3a/1a4.

1 He 3HaeT (I)OpMy.]'II/IpOBKI/I OCHOBHBIX ITOHSTHI JAUCHUIIIIMHBI 1 HC YMCCT UCIIOJIB30BATh IMOJTYYCHHBIC
3HaHUA IPU PCHICHHUU TUIIOBLIX IMPAKTUYCCKUX 3adaq.

5. MeTonuyeckne MaTepuaJbl, onpeaesome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

HuddepenumupoBannas knaccuukanusi MIPOBOIUTCS C yUETOM TEKYLIEH YCIIEBAEMOCTH U PE3YJIbTaTOB
BBINIOJIHEHUSI KypcoBoi pabotel. [Ipn HeoOXomMMOCTH B mpolecce HHTEPBBIOMPOBAHUS CTYACHTA
MPOBOJUTCS BBIOOPOYHBIM ONPOC Ha 3HAHKWE KOHTPOJIBHBIX BOIPOCOB, M NPEAJATalOTCS THUIIOBBHIC
3aJaHMsL.



