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AHHOTANIUA

Kypc nmnpennasHadueH mjis CTYJIEHTOB, CTPEMSAIIUXCS HM3YUYUTh OCHOBBI MPOEKTUPOBAHUS,
pa3paboTKU U KCILTyaTalluu PacIpe/Ie]ICHHBIX CHCTeM. B xo/1e 00y4eHHs Y9aCTHUKH TIO3HAKOMSITCS C
KJIIOYEBBIMM KOHIICTIIUSIMA W apXUTEKTypaMH, a TaKXE€ COBPEMEHHBIMH TEXHOJIOTHSIMU U
MHCTPYMEHTaMH, UCIIOJIb3YEMBIMH JIJIL CO3/IaHHSI MACIITAOMPYEMBIX, HAJIEKHBIX U OTKA30YCTOMYUBBIX
pacnpezeneHHbIx cucteM. Kypc BKIIIOYaeT JEKUMU U MPAKTUYECKUE 3aHSTHUS, KOTOPbIE MO3BOJIST
CTYJCHTaM Ha IPAKTHKE MPUMEHUTh MOJy4YeHHbIC 3HAHUS.

1. IEJIA 1 3AJAYA OCBOEHUS YYEBHOM JTACIHUILIAHBI

Ilenbto ocBOeHUsI yueOHOW MUCHUIUIMHBI SIBJISETCS IMOATOTOBKA CIIELUAINCTOB, CIOCOOHBIX
MPOEKTUPOBaTh, pa3pabaTeiBaTh M  OKCILNIyaTHPOBATh MAaCHITAOMpPyeMble  OTKa30yCTONYHBBIC
pacipeieeHHbIE CUCTEMBI.

3amaun JUCHUTIIUHBI:

- N3yueHne TEOpETUYECKUX OCHOB pAaCHpPEEICHHBIX CHUCTEM: MOJEIN OTKa30B, MOJEIU
KOHCUCTEHTHOCTH, TeopeMbl 0 HeBo3MoxkHOocTH (FLP, CAP)

- OcBoenue anropuTMoB koHceHcyca (Paxos, Raft) m ux npumenenue nansi mocTpoeHUs
replicated state machine

- M3ydeHne apXuTEKTyp paclpe/elieHHOro XpaHeHHs TaHHbIX: key-value storage, distributed
file systems, mapaupoBanue

- OcBoeHue MeTOAOB OOECHEYEHUsT OTKAa30yCTOMYMBOCTM U  MaclITaOMpPyeMOCTH
pacupeneneHHbIX CHCTEM

- 3yuyenue TpaH3akuuii B pacrpeaenaeHHbIx cucreMax u moaeneit uzonsuuu (ACID, 2PL)

- TlonmyyeHue TPAaKTHYECKUX HABBIKOB pPa3pabOTKH paCIpeleNeHHBIX NPUIOKEHUN C
HCIOJIb30BaHNEM COBPEMEHHBIX (PPEHMBOPKOB

2. MECTO YYEBHOM JUCIHUILJIMHBI B CTPYKTYPE OOII BO

JucuumirHa — OTHOCUTCA K MNpO(EecCHOHATBbHOMY MOJYII0 U 0OazupyeTcs Ha 3HaHMIX,
MOJIYYEHHBIX IPU U3YYEHHUH CIEAYIOIIMX AUCIUILINH:

- [IporpamMmmupoBanue (3HaHue s3pik0B C++, Python, ymenue paboraTh ¢ MHOTOIOTOYHOCTHIO
Y aCUHXPOHHBIM NPOTrpaMMHPOBAHUEM )

- OnepalMOHHbIE CUCTEMBI (IIOHMMaHUE PabOTHI MPOIECCOB, MOTOKOB, (PAMIOBBIX CHCTEM,
CETEBOr0 B3aMMO/ICHCTBUS)

- ANTOPUTMBI U CTPYKTYpHI JAaHHBIX (3HaHUE 0a30BBIX AJTOPUTMOB, JEPEBBEB, XEUI-TAOJIUII,
rpagoB)

- KomnbrotepHsle cet (MOHUMaHKUE MPUHIMIIOB padoThl ceTeBbIX mpoTokosnoB TCP/IP, UDP,
HTTP)

- ba3pl jaHHBIX (MOHMMaHKWE MPUHIIUIIOB XpPAaHEHUS U UHIEKCUPOBAHUS JaHHBIX, TPAH3AKIIUH)

OcBoeHHUEe TUCIHUITIHHEI TPEIIISCTBYET H3YYSHHIO KYPCOB H TPAKTUKYMOB, CBSI3aHHBIX C:
- Pa3pa®oTkoii BEICOKOHATrpy»KEHHBIX CHCTEM U MUKPOCEPBUCHON apXUTEKTypOr

- Big Data 06paboTKo#l 1 aHaTUTUKOMN OOJIBIINX TAaHHBIX

- O65auHBIMU BBIYUCIECHUSIMH U KOHTEHHepU3aIen



- MamuHHbIM 00y4eHHEM Ha paclpeeIeHHBIX CUCTEMAax

3HaHus U HaBbIKH, TIIOJIY4YCHHBLIC B paMKax I[aHHOﬁ AUCHUIUINHBI, HWCIIOJB3YIOTCA IIpHU

BBITIOJIHEHUH KYPCOBBIX PalOT, MPOEKTHOH MPAKTUKH W BBIMTYCKHOM KBaTU(UKAIIMOHHOW paboTHI,

0co0eHHO Tpu pazpaboTKe MacIITabUPYEMBIX CUCTEM 00PaOOTKU U XPAHEHUS TaHHBIX.

3. OOPMUPYEMBIE KOMIIETEHIIUA U IIVTAHUPYEMBIE PE3YJIbTATDBI

OBYYEHUA

YHuBepcaibHble U(UH) 00ImenpodeccuoHaIbHble KOMIETSHIINH:

Koa m HauMeHOBaHHe

KOMIIETeHIUH
OIIK-2 [1] — Criocoben

HCIIOJIb30BATh U aAAlITUPOBATDH
CYIICCTBYIOIIUC MAaTCMAaTUYCCKHUC

MECTOABI U CUCTCMbI

MIpOrpaMMHUPOBAHUS ISl pa3pabOTKH
U peajn3alyu alropuTMOB PeIIeHUs

MPUKJIAAHBIX 3a1a4

Koa u HaMMeHOBaHMe HHIHKATOPA T0CTHKEHHUSI
KOMIIETEeHIIUH
3-OI1K-2 [1] — 3HaTh CYyHIECTBYIOIINE MATEMATHUCCKUE
METO/IbI M CHCTEMBI POrPAMMHUPOBAHUS HEOOXOTUMBIC JIJISI
pean3aly aIrOPUTMOB PEIICHHS TIPUKJIAIHBIX 3324
V-OIIK-2 [1] — yMeTh KCIIOb30BaTh U aIAlITHPOBATH
CYIIECTBYIOIINE MATEMATHYECKUE METOBI M CHCTEMBI
pOrpaMMHUPOBAHHS HEOOXOAUMBIE IS PeaTu3aliu
AIITOPUTMOB PEIICHHUS TIPHKJIAJIHBIX 33144

B-OI1K-2 [1] — BiaaeTh HaBbIKAMHU peak3aiun
MaTeMaTHYECKUX alTOPUTMOB JUIS PEIICHHS TIPUKIIATHBIX
3aj1a4 C MCIOJIb30BAHUEM CYIIECTBYIOIIMX CUCTEM
POrpaMMHPOBAHHS

[IpodeccuonanbHbple KOMIIETEHIIMM B COOTBETCTBHHM C 3aJadaMH U OObEeKTaMu (00JacTsMu

3HaHUN) PO ECCUOHATBLHON JeSITENbHOCTHU

3apaua
npogdeccuoHaIbLHOM
aesteabHoctu (3I11)

O0BeKT nIn
00J1aCTH 3HAHUSA

Kon n nHaumenoBanue
npo¢eccuoHATLHOM
KOMIIEeTeHIHH;
OcHoBaHue
(mpodeccuoHAIBHBIN
cranaapr-IIC, anaan3
OnbITA)

HpOI/ISBOILCTBeHHO-TGXHOJ’IOFI/ILIGCKI/II\/’I

Kon n nHaumenoBanue
HHANKATOpPA
AOCTHKECHUS
npogdeccuoHaILHOM
KOMIIeTEeHIIUN

pa3paboTka
MaTeMaTHU4eCKOro,
IPOrPaMMHOTO U
AIITOPUTMHUYCCKOT'O
obecrieyeHus s
aHaM3a u
MO/JICIIMPOBAHUS
(bu3NYECKUX MPOIIECCOB

MaTeMaTH4YCCKUC
MOJCIIN ITPOLECCOB
B CJIOXKHBIX
TEXHUYCCKUX
CUCTEMAx

ITK-4 [1] - Criocoben
UCIIOIb30BaTh
COBPEMECHHBIC A3bIKU U
METOAbI
pOTrpaMMHUPOBAHUS,
KOMINJICKCHI ITPUKIIaJHBIX
KOMITBIOTEPHBIX
porpamMM, COBPEMEHHYIO
BBIYUCITUTEIILHYIO
TEXHUKY,
MHOTOITPOIIECCOPHBIC
BBIYHUCIINTCIIBHBIC

3-I1K-4[1] - 3Hath
COBPEMEHHBIE A3BIKU U
TEXHOJIOTUU
IPOrpaMMUPOBAHUS,
KOMILICKCBI
MIPUKIIATHBIX
KOMITBFOTEPHBIX
porpamm; ;
V-TIK-4[1] - ymeTb
pa3zpabaThIBaTh
HAYKOEMKOE
IPOrpaMMHOE




CUCTEMBI IIPU PEIICHUN
MIPOU3BOJICTBEHHBIX U
Hay4YHO-
HCCJICIOBATEILCKUX
3a;ay4 B o0JlacTu
MPUKJIaJHON MAaTEMATUKH
1 nH)OpPMATUKH

Ocnosanue:
[TpodeccrnonanbHbIM
cranaapt: 06.001

obecrnieueHue ¢
UCTIOJIb30BaHUEM
COBPEMEHHBIX SI3bIKOB
pOrpaMMHUPOBAHHUS |
B-T1K-4[1] - BaageTsh
HABBIKAMU TIPOBEICHUS
MaTeMaTHYECKOTO
MO/ICJIMPOBAHUS
(bU3NIECKUX MPOIECCOB
C MCIT0JIb30BaHUEM
CYIIECTBYIOIIUX U
pa3paboTaHHBIX
IPOTPaMMHBIX
KOMILJICKCOB

4. BOCIHUATATEJIbHBIN IIOTEHIUAJ JUCIIATLINHBI

HanpagJieHus/ueju BOCIUTAHUS

3agaum BocnuTaHus (Koa)

[IpodeccrnonanbHoe BociuTaHuE

[TpodeccrnonansHOE BOoCcIIUTaHUE

Co3pnanue ycioBuii, o0ecrieynBaroImux, GopMUpoBaHUe
HABBIKOB KOMMYHHKAIIMH, KOMaHIHON paboOTHI 1
nunepctra (B20)
Co3naHue yciioBHii, 00ecTieynBaromux, GOpMUPOBAHHE
CIOCOOHOCTH U CTPEMIICHUS CJIe/10BaTh B Ipodeccuu
HOpMaM MOBeICHHsI, 00ECTICYMBAIOIIINM HPABCTBEHHBIH
XapakTep TPyAOBOH J1eATEIbHOCTH U HECTYKEOHOTO
noseneHus (B21)

[IpodeccrnonanbHoe BocuTaHUE

Coznanue ycioBui, obecrieunBaromux, GopMupoBaHue
TBOPYECKOT0 MHKEHEPHOT 0/TIpoeccroHaIbHOTO
MBIIIUIEHUS], HABBIKOB OPTaHU3AINH KOJJIEKTUBHON
MIPOEKTHOM aearenbHocTH (B22)

S. CTPYKTYPA U COJIEP)KAHUE YYEBHOM JUCHUIIJINHBI

Paznensl yueOHOM JUCHUIUIMHBL, X 00BbEM, CPOKH U3Y4EHUS U (POPMBI KOHTPOJIS:
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5 Cemecmp
1 [TepBslit pazaen 1-8 16/16/0 25 K-8 3-OI1K-2,
V-OIIK-2,
B-OIIK-2,
3-I1K-4,
V-TIK-4,




B-I1IK-4

2 Bropoii pazgen 9-16 | 16/16/0 25 KH-16 | 3-OIIK-2,
V-OIIK-2,
B-OIIK-2,
3-11K-4,
V-I1K-4,
B-11K-4

Hmoezo 3a 5 Cemecmp 32/32/0 50

KoHTpoJibHbIE 50 30 3-OI1K-2,
MeponpusiTusi 3a 5 VY-OIIK-2,
Cemectp B-OIIK-2,
3-T11K-4,
VY-TIK-4,
B-T11K-4

* — COKpaIIeHHOEe HAUMEHOBaHHUE (POPMBI KOHTPOJIS
** — cymMMa MakcHMaJbHBIX OamioB JojbkHA ObITh paBHa 100 3a cemecTp, BKIIIOYas 3auyeT U
(w1m) PK3aMeH

CoxkpallieHre HauMeHOBaHUN (POPM TEKYILIEr0 KOHTPOJISI U aTTECTALUU Pa3AEIIoB:

Oo0o3nauenne | IloiHOe HAaMMEHOBaHUE

30 3aueT ¢ OLEHKOM

KN KonTposb 1o nroram

3 3ayer

KAJIEHIAPHBIN IIAH
Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIab.,
yac. | yac. yac.
5 Cemecmp 32 32 0

1-8 IlepBbiii pa3nea 16 16 0

1-2 1.1 BBeaenne B pacnpeae/ieHHbIe CHCTEMbI Bcero ayutopHbIX 4acoB
Yro takoe pacrpeenennas cucteMa. MoTuBanus: 4 | 4 [0
MaciTabupyeMoCThb, OTKa30yCTOHUMBOCTh, KOHCUCTEHTHOCTh. | OHaiiH
Monenu otka3oB: crash-stop, crash-recovery. Moaenu cetu: 0 0 0
CHUHXPOHHAs, aCHHXPOHHAs1, YaCTUYHO-CUHXpOHHas. Fair loss u
perfect link. IIpobnema nByx renepanos. cropus
VCTIOJIHEHUS] M MOJIENIM KOHCUCTEHTHOCTH.

3-4 1.2 Moaein KOHCHCTEHTHOCTH M aTOMAPHBIN PerucTp Bcero ay1uTopHbIX 4acoB
Sequential consistency u linearizability. Perynspusiii u 4 ’ 4 ’ 0
aTomapHsbIi peructp. Anroputm ABD st noctpoenust Ownutaiin
aTomapHoro peructpa. KBopymsl u ux cBoiicTaa. 0 0 0
Jloka3zaTenbcTBO KOppeKTHOCTU. OrpaHUYEHHUs Ha YHCIIO
OTKa30B.

5-6 1.3 Atomic Broadcast u Replicated State Machine Bcero ayauTopHbIX 4acoB
Atomic broadcast: validity, agreement, total order. 4 [ 4 I
[Toctpoenne RSM u3 atomic broadcast. CBsizb MeXIY Owunaiin
consensus u atomic broadcast. CAP Teopema u PACELC. 0 0 0
[TpakTnueckue npumepsl: ZooKeeper, YandexDB.

7-8 1.4 Consensus 1 TeopeTHYeCKHEe OTPAHUYCHHSA Bcero aynutopHbIX yacoB




3amaua koHceHcyca: validity, agreement, termination. FLP 4 ‘ 4 ‘ 0
TeopeMa u e€ 1oKa3zarenbcTBO. Anroputm ben-Opa. Ownutaiin
Orpannyenus Ha yncio otka3oB. Failure detection u leader 0 0 0
election.

9-16 Bropoii pazaen 16 16 0

9-10 2.1 Paxos u Multi-Paxos Bcero aynutopHbIX yacoB
Single-Decree Paxos: ¢a3sl Prepare u Accept. Jlokazarensctso | 4 | 4 |0
KoppekTHOCTH. Multi-Paxos u permkarus jora. Ownnaity
Distinguished Proposer u Pipelining. Ontumu3zanun: commit, | Q 0 0
reconfiguration, log compaction. Flexible quorums.

11-12 | 2.2 Raft n npakTHYecKHe acneKThl KOHCEHCYCa Bcero ayuTopHBIX 4acoB
AnroputMm Raft: leader election, log replication, safety. 4 | 4 | 0
Cpasuenue ¢ Paxos. Exactly once cemanTuka. Read-only Ownunaitn
onepanuu u leader lease. Follower reads. [Ipaktuueckue 0 0 0
pean3aImm.

13-14 | 2.3 Local Storage u Distributed File Systems Bcero aynuropHbIX yacoB
LSM-nepeBnst u B-nepeBbs. SSTable, memtable, compaction. | 4 | 4 |0
Bloom filters. Distributed File System: apxutekrypa Ounaiin
GFS/Colossus. Metadata store u chunk store. Replication u 0 0 0
erasure coding. MapReduce.

15-16 | 2.4 lllapaupoBaHue U TPAH3AKIINI Bcero ayuTopHbIX 4acoB
Key-value storage ¢ mapauposanuem. lllapnupoBanue nmosepx | 4 | 4 [0
RSM u DFS. Tpanzakuu: ACID cBoiictBa. Moaenu Ownuaiin
usousun: serializable, strict-serializable. Two-Phase Locking | 0 0 0
(2PL). Deadlock detection. Distributed transactions.

COKpaH_IeHHBIC HaMMCHOBAHUS OHJIAMH OIIIHIA:

Oo0o3nauenne | IloiHOe HAaMMEHOBaHHUE

9K OIEKTPOHHBIN KypC

IIM IToTHOTEKCTOBBIN MaTepuan

11JI ITomHOTEKCTOBBIE ICKIIUU

BM Buneo-marepuanst

AM Aynno-marepuainsl

IIp3 IIpezeHTanuun

T TecTel

5CM OJIEKTPOHHBIE CITPAaBOYHBIE MAaTEPUAIbI
ncC VM HTEepaKTUBHBINA CAWT

6. OBPA3OBATEJIBHBIE TEXHOJIOT'UHA

JlnnakTHuecKoi OCHOBOM M3y4eHUs AUCLMILINHBI SBJISETCS COUETAHUE TEOPETUUECKUX JIEKIIUH
C MPAaKTUYECKUMU 3aHATUSIMU:

- IlonyyeHue CTyAeHTaMH TEOPETUYECKMX 3HAHUN B XOJ€ JIEKIUH, BKIIOYAIOMIMX pa30op
JIITOPUTMOB KOHCEHCYCA, MOJIENIel KOHCUCTEHTHOCTH, J10Ka3aTeNIbCTB KOPPEKTHOCTH U TEOPETHUECKUX
OTrpaHUYEHUN pacipeIeIeHHbIX CUCTEM.

- QopMHUPOBAHNE MPAKTUYECKUX HABBIKOB HA CEMUHAPCKHUX 3aHATUAX YEPE3:
* Pa300p KOHKPETHBIX CLIEHApUEB pabOTHI pacrpeeIeHHbIX alfOPUTMOB




* Ananmu3 peansHbIx cucteM (GFS, BigTable, Spanner, ZooKeeper)
* PerieHue 3aa4 Ha JOKa3aTeIbCTBO CBOMCTB aIrOPUTMOB
* O0cyxnaenue trade-off'oB mpu NpPOEKTUPOBAHUU CUCTEM

- 3aKperieHue 3HaHUH Yyepe3 MPaKTUKYM, BKIFOYArOIIHMMA:

* Peanmuzaruio 6a30BBIX pacnpenesneHHbIx anroput™MoB (ABD, Paxos, Raft)

* Pa3zpaboTKy KOMIIOHEHTOB pacipeacieHubix cucreM (key-value storage, consensus)
* TecTupoBaHHE KOPPEKTHOCTH U OTKA30YCTONYUBOCTH pPeaH3aiui

* MI3MepeHune Mporu3BOUTEIBHOCTH U MACIITA0OMPYEMOCTH

[Ipu mnpoBeneHMH Ta0OPATOPHBIX 3aHATHH MCIOIB3YETCS ABTOMATHU3UPOBAaHHAS CHUCTEMa
IIPOBEPKU 3aJJaHUN, KOTOpAas:

- [IpenocraBnser cTyneHTaM 3aJaHus ¢ YeTKUMH TpeOOBAHUIMU

- ABTOMaTHYECKH TECTUPYET KOPPEKTHOCTh peanu3aluil

- [IpoBepsieT 0TKa30yCTOMYMBOCTh YEPe3 NHIKEKIINIO COOEB

- 3mepsieT Npon3BOAUTENBHOCTD PELLICHUN

- [IpenocraBnser oOpaTHYIO CBSA3b IO pe3yibTaTaM TECTUPOBAHUS

J1st caMOCTOSITENbHOM PabOTHI CTYACHTAM IPEI0CTaBIISIOTCS:

- 3anucu JeKUUd U pe3eHTaluu

- Hayunple ctaThyl 110 H3y49aeMbIM QJITOPUTMAM U CUCTEMaM

- JlomoTHUTEIbHBIE MaTepHUaIbl JUTS YIITyOJIEHHOTO N3YYeHHUS

- JlocTym K HCXOAHOMY KO/ PEaIbHBIX paclpeaeIeHHBIX CHCTEM

7. ®OH/JI OHEHOYHbLIX CPEIACTB

@DOH/ OLIEHOYHBIX CPEICTB MO JAUCLUIUIMHE 00eCreunBaeT MPOBEPKY OCBOEHUS IJIAHUPYEMBIX
pe3ynbTaToB oOyueHus: (KOMIETEHIMH M MX WHIMKATOPOB) MOCPENCTBOM MEPONPUSTUN TEKYIIETO,
pyOEKHOT0 U IPOMEXKYTOUYHOTO KOHTPOJIS IO JUCLMILIIUHE.

CBs3p Mexay GOpMHUPYEMBIMH KOMIIETEHLUUSAMU H (OpMaMHU KOHTPOJIS HMX OCBOEHHUS
IIPEJCTaBICHA B ClIeAYIOLIeH Ta0nuLe:

Komnerenuusi NuaukaTopsl 0CBOEHHUS ATTecTallMOHHOE MepPONpUsTHE
(KI1 1)
OIIK-2 3-OI1K-2 30, K-8, K1-16
Y-OIIK-2 30, KI1-8, K1-16
B-OI1K-2 30, K-8, K1-16
I1K-4 3-T11K-4 30, K-8, K1-16
VY-TIK-4 30, K-8, K1-16
B-I1K-4 30, K-8, K1-16

HIkanbl oeHKH 00pa3oBaTeIbHbIX 10CTHKEHUH

[Ilkama Ka»xa0ro KOHTPOJIBHOTO MEPONPHUATHS JIEKUT B mpenenax oT 0 A0 yCTaHOBJIEHHOIO
MaKCHMaJILHOTO Oajiila BKIFOUMTEILHO. MTOroBas arrecranus 0 OUCHUIUIAHE oreHuBaercs mo 100-




OaJIITEHOM IIKaJIe W TIPEACTABIISIET COO0H CyMMy OaJIJIOB, 3apa00TaHHBIX CTYJCHTOM IIPH BBHIITOTHECHUH
3aJJaHU B paMKaxX TEKYIIETO U MPOMEKYTOUHOTO KOHTPOJISI.

Ntorosas oLeHKa BBICTABISAETCS B COOTBETCTBUHU CO CIEAYIOLIEH IIKAIOM:

Cymma Onenka nmo 4-x 0aJILHOH HIKAaJIe OTMeTKa 0 3a4eTe Onenka
0aJ10B ECTS
90-100 5 — «omauunoy A
85-89 B
75-84 4 — «xopouio C
70-74 «3a4TeHOY
D
65-69 3 — «yoosremeopumenbHo»
60-64 E
Huxe 60 | 2 — «neyoosnemsopumenbHoy «He 3a4reHO» F

O1eHKa «OTJIIMYHOY» COOTBETCTBYET INIyOOKOMY U IPOYHOMY OCBOEHUIO MaTepuasa mporpamMmmbl
oOyJaromumMmcsi, KOTOPBIM MOCIe0BaTeIbHO, Y€TKO U JIOTMYECKH CTPOMHO H3J1araeT CBOM OTBETHI,
YMEET TECHO YBSI3bIBaTh TEOPHUIO C MPAKTUKOM, UCIIOJIb3YET B OTBETaX MaTepuaibl MOHOTpapuiIecKon
JTUTEPATYPHI.

OI_IeHKa «XOpOoMIo» COOTBCTCTBYCT TBCPAbIM 3HAHUAM MaTcpHalia 06y‘IaIOH_II/IMC$I, KOTOpLIﬁ
rpaMOTHO U, I10 CYICCTBY, U3JIara€T CBOU OTBCTLI, HC NOMMYCKasa CYIICCTBCHHBIX HETOYHOCTCH.

OI_IeHKa «YAOBJICTBOPUTCIIBHO» COOTBETCTBYCT 68.30BOMy YPOBHIO OCBOCHUS MaTCpUalId
O6y‘{aIOH_[I/IMCH, IIpu KOTOPpOM OCBOCH OCHOBHOM MaTepHuall, HO HC YCBOCHLBI €ro HC€TaJIi, B OTBCTAX
NPUCYTCTBYHOT HCETOYHOCTH, HCAOCTATOYHO IIPABUIIbHBIC (bOpMy.]'IPIpOBKH, HapyuieHu;g JIOTHYECKOH
OCICa0BAaTCIBHOCTH.

OTMmeTKa «3a4TeHO» COOTBETCTBYET, KAaK MHUHHUMYM, 0a30BOMY YPOBHIO OCBOEHHUS MaTepuaia
MPOrpaMMBbI, TMPH KOTOPOM OOYyYaroUIuiicss BlajeeT HEOOXOIWMBIMH 3HAHUSMH, YMEHHUSIMH U
HaBBIKAMH, yYMEET MPHUMEHSTh TEOPETHYECKUE TOJIOKEHUS JIJISi PEIICHHS TUIOBBIX MPAKTHYECKUX
3ajad4.

OlLIeHKY «HEYIOBJIETBOPUTEIHHO» / OTMETKY «HE 3aUTE€HO» MOJy4aeT O0YyJarOIIHIICs, KOTOPBII
He 3HAeT 3HAUYNTEIbHON YacTH Marcpuraia nporpaMmabl, JOITYCKACT B OTBECTAX CYIICCTBCHHLIC OHH/I6KI/I,
HE BBINOJHUI BCE O0s3aTeNbHbIE 3aJaHMsI, MPEIyCMOTpEeHHbIe nporpammoi. Kak mpaBuiio, Takue
oOyuaroluecss He MOTYT MPOJAOJIKUTE 00yueHue 0e3 TOMOTHUTENbHBIX 3aHATHH.

8. YYEBHO-METOJNUYECKOE U HTHOOPMAIIMOHHOE OBECIIEYEHHE
YYEBHOU JUCHUTLJIAHBI

OCHOBHAA JIUTEPATVYPA:

1. DU B 62 ApxuTeKkTypHble peleHHs HH(POPMAIMOHHBIX CUCTEM : yueOHoe nocobue, Beirockmii JI.
C. [u np.], Cankr-IletepOypr: Jlansb, 2022

2. 004 T31 Beenenue B pacnpeaeneHusie anroputmel : , Tens XK., Mocksa: MITHMO, 2009



3.OU T 58 Mopenu pacnpeeneHHbIX BEIYUCICHUH | yaeOHoe ocobue, Tomopkos B. B., Mocksa:
®usmatiut, 2011

4. 004 b97 Onepaunronnsie cucteMsl : [lapannensHbie U pacnipeeraeHuble cuctemsl, bakon /1.,
Xappuc T., Mocksa [u ap.]: BHV; ITutep, 2004

5. DU 11 55 Pacnipenenennbie nHOOpMAIMOHHBIE CUCTEMEBI : yueOHOoe mocooue, [lexanoBckuii B. B.,
Yeprorckoii B. 1., Canxt-IletepOypr: Jlans, 2021

6. 004 T18 PacnipeneneHHbIe CUCTEMBI : IPUHIIMIBI U TTapaaurMbl, Tanenbaym ., Cteen M. BaH,
Mocksa [u ap.]: [Tutep, 2003

7. 9U C 80 Pacnpenenenunsie cuctemsl : , Tanenbaym 9. C., Ctun B. M., Mocksa: JIMK Ilpecc, 2021

8. OU b 12 PacnpeneneHnpie cucTeMsbl | yaeOHUK 11 By30B, KorbkoB K. A., baduues C. JI., Mockaa:
Opaiir, 2025

JOIIOJIHUTEJIBHASA JIMTEPATYPA:
1. 681.3 B94 Brruncnurenbabie cucTeMbl Bhim.2 , , M.: @uHaHCH 1 cTatucThKa, 1981

2. 004 P24 Pacnpenenennsle cucremsl KH.1 Pecypcest Microsoft Windows 2000 Server, , M.: Pycckas
penaxuusi, 2001

3. 681.3 P24 PacnpenesieHHBIE CHCTEMBI ITepenadn u 00padoTku nHpopmanuu : , , M.: Hayka, 1985

4. 91 3 75 PacnpeneneHHbIe CHCTEMBI peaibHOTO BpemeHH : , Opkuec K., Mocksa: JIMK Ilpecc,
2020

I[TPOI'PAMMHOE OBECIIEYEHUE:
CrnenuanbHOe MporpaMMHoe obecriedeHue He TpedyeTcs
LMS U MUHTEPHET-PECYPCBI:

1. Introduction to reliable and secure distributed programming
(https://www.academia.edu/7173048/Introduction_to_reliable_and_secure_distributed_programming)

2. Designing Data-Intensive Applications The Big Ideas Behind Reliable, Scalable and Maintainable
Syste
(https://www.academia.edu/41298363/Designing_Data_Intensive_Applications THE_BIG_IDEAS B
EHIND RELIABLE_SCALABLE_AND_MAINTAINABLE_SYSTEMS)

https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJILHO-TEXHUYECKOE OBECHEYEHHME YUEBHOW
TUCIUATLITAHBI



CriennanbHOE MaTepUATBHO-TEXHUYECKOE 00ecIiedeHre He TpeOyeTcs

10. YYEBHO-METOJUYECKHUE PEKOMEHJAIIMU JJIAA CTYAEHTOB

[IporpaMmma u3ydeHHs Kypca BKIIOYaeT B ceOs JICKIIMOHHBIE M CEMHHAPCKUE 3aHSATHUSA,
BEITIOJTHEHHUE MPAKTUYECKUX PabOT, a TAaKKe KOHTPOJIBHBIC MEPOIIPHSITHSI IT0 HTOTaM KaXKJI0TO pa3fela.

PeKOMCHI[aI_[I/II/I I10 U3YYCHHIO TCOPETUICCKOI0 MaTepuaa:

1. IlocnenoBaTENbHOCTh U3YyYEHUS:

- Haynurte ¢ nonnmanus 6a30BbIX MOJIENIEH: OTKA30B, CETU, KOHCUCTEHTHOCTH
- Uzyunre npocteie anroputmel (ABD) nepen cnoxuapivu (Paxos, Raft)

- O6paiaiiTe BHUMaHHE Ha J10Ka3aTeIbCTBA KOPPEKTHOCTU aITOPUTMOB

- [lonnmaiite orpannvenus u trade-off's1 kKaxkgoro moaxona

2. Pabora ¢ marepuanamu:

- Koncnektupyiite neKkium, BbIIEIAS KIFOUEBbIE ONIPEIETICHUS U TEOPEMBbI

- U3yuaiite opurnHanbuelie ctaThu o anroputmam (Paxos, Raft, GFS)

- Ucnonp3yiiTe BU3yain3auu sl IOHUMaHUs paboThl aITOPUTMOB

- Pa36upaiite npuMepbl UCTIOJHEHUS aJITOPUTMOB HAa KOHKPETHBIX CLIEHAPHUAX

3. IloaroroBka Kk ceMUHapaMm:

- [IoBTOpHUTE MaTEpHAI JIEKLIMN ITEpE] CEMUHAPOM

- [TonnpoOyiiTe caMOCTOATENBHO PEIIUTh 33/1a4H JJO CEMUHApa
- AKTUBHO y4yacTBYITe B 00CYX/I€HUN Ha CEMUHApax

- 3ajaBaiiTe BOIPOCH! IPU HETOHUMAHUK MaTepHana

PexoMeHmarum 1o BEIIIOJIHEHHUIO pa60T:

1. [InanupoBaHue pabOTHI:

- HaunHaiite BBINTONIHEHUE 3aJaHUI 3apaHee, HE OTKJIAIBIBAliTE HA NTOCIEIHUA MOMEHT
- Pa30uBaiite 3a1auy Ha MO/3a/1a4M U PEIIAWTe UX TTOCIE0BATEIHHO

- Ucnonb3yiiTe cuctemy KoHTpostst Bepcuit (Git) A7t OTClIeKUBaHUS U3MEHEHU N

- PerynspHo TecTupyiite CBOXO peann3aiuio

2. Peanuzanus anropuTMoOB:

- BaumarensHO u3yunte crienupuKaIio alropuTMa nepes peaan3anuei
- Haunute ¢ mpocTtoit Bepcuu, 3ateM 100aBISIUTE ONITUMH3AIAN

- Ucnonw3yiiTe norupoBaHue A OTJIAKH pacTpee]ICHHBIX aIrTOPUTMOB
- Tectupyiite edge cases u cClieHapuu ¢ OTKa3aMHu

3. OTyagka u TECTUPOBAHUE:

- Mcnonp3yiiTe unit-TecThl U1 MPOBEPKH OTJIEIBHBIX KOMIIOHEHTOB

- TecTupyiite cucTeMy B pa3iaMYHbIX CLIEHAPUAX OTKAa30B

- [IpoBepsiiTe KoppekTHOCTH ¢ oMotibio model checking (ecnu goctynHo)
- 3mepsiiTe TpOU3BOAUTENBHOCTD U NIUTE Y3KHE MECTa



4. PaboTta ¢ aBTOMaTHYECKON MTPOBEPKOIA:

- 3yunte kpuTepuu OIEHKH Tepe]] Ha4yaioM paboThl

- 3amyckaiiTe aBTOMaTUYECKUE TECTHI JIOKATHHO TIEPe]] OTIPABKOM

- AHaIU3UpPYHTE pe3yNbTaThl TECTUPOBAHUS U UCIIPABIIANTE OLIMOKHU
- He mpITaiitech 00MaHyTh CHCTEMY TIPOBEPKU

HOI[I"OTOBK& K KOHTPOJIBHBIM MCPOIIPUATHUAM:

1. Texyumii kouTposs (KU-8, KI1-16):

- IToBTOpHTE BECh MaTepya COOTBETCTBYIOLIETO pa3Jieria

- Yoenureck, 4TO HOHUMAETE JOKA3aTeIbCTBA OCHOBHBIX TEOPEM
- [loTpenupyiitech B peICHUH 33/1a4 aHAIOTHYHBIX CEMUHAPCKUM
- IIpoBepsTe, 4TO BCE 1abOpaTOpHbIe pabOTHI BBIMOIHEHBI

2. DK3aMeH:

- CucreMaTu3upynTe 3HaHUS 10 BCEMY KypCy

- [ToBTOpUTE OMpeEEIeH S, TEOPEMBI, AJITOPUTMBI

- [loaroroBbTE OTBETHI HA TUIIOBBIE BOIIPOCHI

- BynpTe roToBEI OOBSICHUTE PabOTy QJITOPUTMOB HA ITPUMEPaX
- [ToBTOpUTE MPAaKTUYECKUE ACTICKTHI U3 JTa0OPATOPHBIX PadOT

I[OHOJ'IHI/ITGJ'ILHBIG PCKOMCHAAIINH:

- MzyuaiiTe ncxoaHblii Ko peanbHbIX pacnpeneneHHsix cucteM (etcd, CockroachDB)

- YuTaiite 6JI0TH U CTaThU O MPAKTUYECKOM OMBITE TOCTPOEHUS paclpeeeHHbIX CHCTEM
- YyacTByiiTe B 00CYXAEHHSIX HA (OopyMax M B yaTax Kypca

- He crecnsiitecs 00paiaThes K NPEnoAaBaTesssM 3a IOMOIIbIO

- GopmupyiTe rpynIbl 111 COBMECTHOIO U3y4YEHUsl MaTepuaia

Cucrema OLleHUBaHMS:

- MakcumanbHbli Oan 3a cemectp: 100

- IlepBsrit pasnen (KU-8): 25 Gannos

- Bropoii paznen (KU-16): 25 6annos

- DK3aMeH, 3a4eT ¢ oleHKou: 50 O6amioB

- JIns1 morycka K 9K3aMeHy He0OXOIUMO YCIIEIITHO BBIMOJTHUTE BCE PaOOTHI

11. YYEBHO-METOJNYECKHWE PEKOMEHJIAIIVMM JIJISI TPENIOJABATEJIEN

[IporpamMmma wu3yueHust Kypca IIOCTPOCHA HAa COYETAaHUH TEOPETUYECKUX OCHOB C
MPAaKTUYECKMMHU HaBBIKAMU pa3pabOTKH paclpeeIeHHBIX CUCTEM.

Mertoauueckue PECKOMCHAANU 110 IPOBCACHUIO JICKITHM:

1. CtpykTypa JeKkuui:
- Haumnaiite ¢ MOTHBALIMKU ¥ TPAKTUYECKUX MPUMEPOB



- JlaBaiite opManbHbIC ONIPEACICHHS K TEOPEMBI

- [IpuBonTE NOKA3aTENBCTBA KIKOUYEBBIX YTBEPKIACHUN

- MimmoctpupyiiTe aaropuTMbl HA KOHKPETHBIX IIPUMEPAX
- OOcyx/1aifTe MPaKTUYECKUE aCIIEKThl U OTPaHUYCHHS

2. ITogaua maTepuana:

- Mcnonp3yiiTe BU3yanu3aluuu A1 00ObsICHEHMsI alTOPUTMOB
- Pucyiite nuarpaMMel HCIIOJTHEHUSI HA BPEMEHHBIX 0CSX

- [loka3piBaiiTe NpUMeEpBl U3 PEAIbHBIX CUCTEM

- O6cyxpnaiite trade-off'sl pa3IMYHBIX TOJX0/I0B

- CBSA3bIBAlTE TEOPUIO C IIPAKTUKOMN

3. PaboTta ¢ JoKa3aTenbLCTBAMH:

- OOBsCHSITe UHTYULIUIO TIepe (POPMATBHBIM JOKA3aTEIbCTBOM

- PazOuBaiite CII0)KHBIE JOKA3aTEIbLCTBA HA JIEMMBI

- Ucnonp3yiiTe moka3aTenbCTBa OT MPOTHBHOTO M WHAYKITUIO

- [TokaseiBaiiTe, MOYEMY JI0KA3aTEIILCTBO BAYKHO JUIsl TIOHUMAaHUS aJIrOpPUTMA

Mertoauueckue PEKOMCHAAIWH 110 IPOBCACHUIO CCMHUHAPOB!:

1. [TogroroBka kK ceMuHapy:

- [ToarotoBbTe 3a7a4n pa3HOTO YPOBHS CIOXKHOCTH

- [Iponymaiite mocneaoBaTeabHOCTh pa3dbopa MaTepuana

- [loaroToBbTE AOMIOIHUTENBHBIE PUMEPDI AJISl TOSACHEHUS
- [Ipenycmotpute BpeMsi sl BOIPOCOB CTYJIEHTOB

2. IIpoBenenune cemuHapa:

- Haunaure ¢ KpaTKOro nNoBTOPCHUA JICKIMOHHOT'O MaTCpHralia
- Pa3bupaiite 3a1aun y 10CKU ¢ OOBSICHEHHEM Ka)KJ0TO 11ara
- BoBnekaiiTe CTYJIEHTOB B pPEIICHUE 3a1a4

- O6cyxaiiTe albTepHATUBHBIE TOAXO0/IbI K PELICHUIO

- CsI3bIBaliTE 3a/1a4 C pealbHBIMU CUCTEMaMU

3. Tumne! 3amau:

- AHaJIM3 KOPPEKTHOCTH aIrOPUTMOB

- [TocTpoenne KOHTpIIPUMEPOB

- Jloka3aTrenbCTBO CBOMCTB CHCTEM

- OLeHKa MPOU3BOIUTENBHOCTH U MaCIITAOUPYEMOCTH
- [IpoekTHpOBaHNE apXUTEKTYPHI CHCTEM

Mertoauueckue PECKOMCHAANH 110 MPAKTUYCCKUM pa60TaM:

1. IloaroroBka 3aaHuil:

- GopmynupyiiTe YeTKre TpeOOBaHUS K peaTn3aiuu

- [IpenocTasunsiite madaoHbI K0j1a U UHTEP(ENCHI

- [loaroroBbTe HAOOP TECTOB PA3HOIO YPOBHSI CIOKHOCTH



- JIOKyMEeHTHUPYITE 0)KMIAEMOE TTOBEICHUE CUCTEMBI

2. IIpoBepka padoT:

- Mcnonp3yiiTe aBTOMAaTH4eCKOE TECTHPOBAHKE /17151 0a30BOW IPOBEPKU
- [IpoBepsiiTe KOPPEKTHOCTH YEPE3 NHIKEKIUIO OTKA30B

- OneHuBaiTe KA4€CTBO KOAA U aPXUTEKTYPBI

- [IpoBepsiiTe NpOU3BOAUTENBHOCT U MACHITAOMPYEMOCTh

- JlaBaiiTe 0OpaTHYIO CBSI3b IO Pe3yJIbTaTaM IIPOBEPKU

3. [lomorp cryaeHTam:

- [IpoBoMTE KOHCYJIBTALIMY 11O CIIOXKHBIM BOIIPOCAM

- [IoMoraiiTe ¢ 0TJIaIKOM pacHpeaesIeHHbIX AJITOPUTMOB
- OOBsACHSNTE MPUYNHBI OIIMOOK B peaTn3aluu

- PexomeniyiiTe MoAXo/Ibl K PELICHUI0 IPobieM

Opranu3zanys KOHTPOJIbHBIX MEPOIPHUSITHIA:

1. KouTponb o uroram pasuenos (KU-8, KU-16):

- [IpoBepsiiTe NOHMMaHUE TEOPETUYECKOIO MaTepuaia
- Bxirouaiite 3a1aun Ha JOKa3aTeIbCTBO CBOMCTB

- [IpoBepsiiTe yMeHUE aHAIM3UPOBATh AJITOPUTMBbI

- OnieHMBalTe BHIIOJIHEHUE J1AOOPATOPHBIX padoT

2. DK3aMeH:

- Bxirrouaiite TeOpeTUYECKHUE BONPOCHI 110 BCEMY KYpPCY
- JlaBaiiTe MpakTUYECKUE 3a1a4y Ha aHAIIU3 CUCTEM

- [IpoBepsiiTe NOHUMaHNE JOKA3aTEIbCTB TEOPEM

- OueHuBaiiTe yMEHUE IPUMEHATh 3HaHUS Ha MPAKTHUKE

I[OHOJ'IHI/ITCJ'IBHBIG PEKOMCHOAI NN

- [lonnepxnBaiiTe akTyaJIbHOCTh MaTEPUAIIOB Kypca

- Cneniute 3a HOBBIMH MCCIIEJIOBAHUSAMH B 00J1aCTH paclpeeIeHHbIX CHCTEM
- [Ipurnamaiite NpakTUKOB 111 0OCYXKJIEHUS peallbHBbIX CUCTEM

- OpranusyiTe 00CyX/1€HHE HayuYHbIX CTaTel

- [ToomipsiiTe CTYAEHTOB K CAMOCTOSITEIIBHOMY U3Y4EHHIO

[Tpumepsl 3a1aHM 1711 KOHTPOJIBHBIX MEPOIPHUATHH:

Teopernueckue BOIPOCHI:

- Jlokaxure KOppeKkTHOCTbh ainroputMa ABD

- O6bsacHuTe nokazarenbcTBo FLP Teopemsr

- CpaBHute Paxos u Raft ¢ Touku 3penus cioxHocTd U 3pPEeKTUBHOCTH

- O6bscaute, nouemy CAP Teopema He sSBISeTCS MPAKTUYECKHU MOJIE3HOM

[IpakTrueckue 3agaun:



- CripoekTupyiiTe apXUTEKTypy pacipeacienHoro key-value storage
- [Ipoananu3upyiite cuenapuii orkaza B Multi-Paxos

- OueHuTe NpOU3BOAUTEIBLHOCTD CUCTEMBI C IIAPIUPOBAHUEM

- [Ipennoxxure onTUMU3aLUU AJ11 KOHKPETHOIO alIropuT™Ma

ABTOpP(BI):

Anpapromna Makcum AHapeeBud

Kono6amkuna JIto60Bs BukropoBHa



