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AHHOTANMA

B kypce wu3yuamoTcs OCHOBBI MHOTONOTOYHOTO MPOrpaMMHPOBAHUS W 3aJadd, CBA3aHHBIE C HUM.
PaccMaTpuBarOTCsl KIACCHUECKHE CLIEHApUM M MEXAaHU3Mbl CHHXPOHH3AIMM B MHOTOIOTOYHBIX CHCTEMaXx,
Takhe Kak, HallpuMep, MBIOTEKC, YCJIOBHas nepeMeHHas u Oapbep. OOCyXKIAlOTCs 3alaud U MEXaHU3MBbI
pa3HbIX YpPOBHEH, KOTOpblE BO3HHKAIOT B fA3bIKAX IPOTPAaMMMPOBAHMS, IHOAICP)KUBAIOIIMX BO3MOXKHOCTb
ACHHXPOHHOT'0 IIPOTrpaMMHUPOBaHMsI, Ha IpUMeEpe SI3bIKOB nporpamMMupoBanus C++ u Golang. HemanoBaxxnoe
3HAYeHHE B Kypce MPHUAAETCS MOIEISAM MaMATH B Pa3lIMYHBIX SA3bIKaX MPOrPAaMMHUPOBAHUS M apXUTEKTypax
npoueccopoB. Kpome 3toro, uccienyrorcs MexaHu3Mbl U cTpareruu garbage collection B pa3nu4HBIX sI3bIKAX
POrPaMMHPOBAHMS U IPOOIEMBI, CBA3aHHBIC ¢ MHOTOIIOTOYHOCTBIO.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- CohopmupoBarh y CTyAeHTa IMOHMMaHHE OCHOBHBIX CLIEHAPHEB M HHCTPYMEHTOB MHOTOIIOTOYHON

CUHXPOHU3alHNU.

- I[aTB TCOPCTUYUCCKUC U MPAKTUYCCKUC 3HAHUA O MCXAaHHU3MAX ACMHXPOHHOI'O MPOrpaMMHPOBAHUA U
ACUHXPOHHOI'O UCIIOJIHCHUA B PA3JIMIHBIX A3BIKAX ITPOIrpaMMHUPOBAHUS.

- JlaTb CTygeHTaM IIOJHYIO KapTHUHY HCIIOJIHEHUS MHOIONOTOYHBIX CHCTEM: OT MOJeJeH HaMsITH
Iporeccopa 0 yCTPOHCTBa BEICOKOYPOBHEBBIX IPUMUTHBOB Kak, Harpumep, futures.

33]13‘[1/[ JAUCHUIIINHBI

- Hayuuts ¢opmynupoBars 3aJa4i B TEpPMUHAX U3YUCHHBIX TEOPHUH, BHIOMPATh MOAXOISIINN alTOPUTM

JIIS TTIOCTABJICHHOM 3a1a4u.

- HayunTs pa3pabarbiBaTh KOMOMHALIMKM aJTOPUTMOB Ul PELICHUS MOCTABJICHHBIX 3a/1ad, OL[CHUBATh
CIIOKHOCTH aJTOPUTMOB, WX MoaM(UKanuil M KOMOMHAIUil, BBIOMpATh MOAXOISIINE CTPYKTYPBHI
JAHHBIX Ul TIOCTAaBJICHHBIX 3a/1ad, PEalM30BbIBATH AJITOPUTMBI B 00OOLICHHOW (opMe Ha S3bIKE

nporpammuposanust C++

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOoTKy HayYHO-TEXHUYECKOHN U (M)
TEXHOJIOTYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3349

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H
MHTEJJICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHHYECKOI
n (wiM) TexHoJormYeckod wuHpopMauud B OOJACTH
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpOopMaIun

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

- OCHOBHBIC MOACIMW TNaMATH, HCIOJB3YyECMbIC B A3bIKaX IMPOIrpaMMHPOBAHUA U PA3SITAYHBIX
APXUTCKTYpax MpouccCopoB, YMCTb OITMCHIBATH PA3JIMIUA ITUX MOHeHeﬁ IIaMsATH.

YMETB:

- ONUCaTh OCHOBHBIC CIICHAPHHM MHOTOIIOTOYHOW CHHXPOHHW3ALUH W NPUMHTHBBI CHHXPOHH3ALHH,
MIO3BOJISIOIINE OTH CIICHAPUU BOCIIPOU3BECTH;
- OINHUCHIBATh M PEAIM30BBIBATH TaKUe OOBEKThI ACHHXPOHHOIO MpoTrpamMMHpoBaHus, kKak fibers,

stackless coroutines, futures u promises.

BJIAJIETh:




- HaBBIKAMU Pa3pabOTKW W OTJIaJIKM MHOTOIOTOYHBIX TPUIOKEHHUH, B TOM YHCJE C UCIOJIb30BaHHUEM
TaKuX CpencTB oTiaaku, kak AddressSanitizert u ThreadSanitizer.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 [Ipobnembl CHHXpOHHU3ALUN 10 10 15
2 Mogeinp naMsaTH, K311 6 6 20
3 Lock-free cTpykrypbt 8 8 20
4 CoObITHs, 3377a49H, ITyJT TTIOTOKOB 6 6 20
Uroro yacos 30 30 75
[MoaroroBka k sK3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 4 (Becennuii)

1. IIpobneMbl CHHXPOHU3ALUT

Bnokupytomas cuHxpoHu3anusi.

Bsaumnoe uckioueHue

- MoruBaiys: nNpuMepsl TOHOK, KPUTUYCCKUE CEKIMH JJIsS TPYIIUPOBKU ONEpaluidi B aTOMapHbIC
OJI0KH

- ITocTanoBKa 3aJ1a41 B3aUMHOI'0 MCKJIIOUCHUS

- lapanTun xoHcucteHTHOCTH (safety: mutual exclusion) u rapanTum nporpecca (liveness: deadlock
freedom, starvation freedom)

- ATOMapHOCTL " aToOMapHad MamMsTb
- MO,[[GJ'IB ucpeaoBaHus il KOHKYPCHTHBIX HCITOJIHCHUH

- [IpoTOKOJIBI HA YTCHUAXK/3AMUCSX

- Mrrotekc Ilerepcona yist TByX TTOTOKOB

- O6o0mIeHne Ha N TOTOKOB C TIOMOINBIO tournament tree

- CpoiictBo yecTHOCTH (fairness), doorway u wait-ceKIum

- Metotekc Jlammopra Ha BpEMEHHBIX METKAX, JJOTHYSCKUE YaCh
- CpaBHenue anroputMoB [lerepcona u Jlamnopra

- RMW-onepanuu: test-and-set, fetch-and-add,
- IIporokonsr Ha RMW-onepanusix:

- TAS cninnnok

- Ticket crimaiIOK




- CpaBHeHHE NMPOTOKOIOB Ha aroMapHbIXx RW-peructpax u RMW-perucrpax

- HwxHss rpaHuIa Ha 9UCIIO sTYEEK MaMSTH JUIs B3aUMHOTO MCKITIOUCHUS
- Coumutrep u fast path qis mprotekca Jlammopra

- JIONOJHUTEIBHO:
- 3ayaua renaming
- Konctpykuus 11 orpaHUYeHHBIX BpEMEHHBIX METOK B anroput™me Jlammopra

CHHXpOHM3AIMS: YCIIOBHBIE IEpEeMEHHBIE U ceMadopbl
- [arrepn koMmyHHKanuu producer/consumer
- briokupyromias ouepens, HHTEpdEic, IPUMEHEHHE VIS IMyJla TIOTOKOB

YCnOBHBIE IEPEMEHHBIE:

- Yci0BHBIE TEPEMEHHBIE KaK MEXaHU3M OKHUIAHUS U CUTHAJM3UPOBAHUS

- Tounas cemanTHKa onepanuil

- Metadopa ¢ koMHaTaMH

- [Ipenukar kak GyHKIHS OT COCTOSIHUS, CBSI3b YCIIOBHOW NIEPEMEHHOM U TpenKaTa
- [Touemy HyXHO OyANTH B IIUKJIE:

- Spurious wakeup

- Intercepted wakeup

- Loose predicate (Ha mpumepe 06001meHHoT0 cemadopa)

- BapuanTsl curHanu3upoBaHus
- MuBapuanT u opmanbHOE JJOK-BO
- CueHapuu ¢ onmOKamu

Cemagopsr:

- Cemadop kak OIOKHPYIOIIUI CYETUNK

- UuTepdetic cemadopa, mmena onepanuii (P/V, acquire/release, wait/signal)
- Cemadop He IpOIyCKaeT CUTHAJIbI, CYUTACT UX

- CaMm cueT4HK HeJOCTYIIEH B HHTep(detice cemadopa

- Cemadop kak aBTOMar ¢ )KETOHAMH

- Peanmzanus Onokupyromieit ouepean Ha cemadopax, UPKYISLUS KETOHOB
- Peanuzanus cemadopa Ha yCIIOBHBIX IEPEMEHHBIX

MenkorpanynspHble OJIOKUPOBKH

- 3aymaua obenaromux GpunocodoB U B3aUMHBIC OJIOKUPOBKH

- Wait-for rpad myis oOHapy>KeHHs B3aMMHBIX OJIOKHPOBOK, yciioBus Kopdmana
- Pemenue ¢ nomorpto cemaopoB

- Pemienne ¢ momMonipio HapynIeHus: CHMMETPUN

- O6u1as uzes: ynopso4nBaHue JIOKOB, 10K-BO KOPPEKTHOCTH

- I'maBHBIA ipuMep - lock striping Jutst XOUIHMPOBaHUS TIETIOYKAMHU

- OUKCUPOBAHHBIN MACCUB MBIOTEKCOB, CTPAMIIbI

- Kak nenatp pacmmpenue TaOnuIpl: OTIyCTUTD JIOK CTpaiIia U 3aXBaTUTh BCE JIOKH
- JIoku 3axBaThIBaE€M CIIpaBa HaJEeBO, YTOOBI HE BOSHUKIIO B3aUMHON OJIOKMPOBKH
- ['oHKM IIpU pacIIMpeHny U Kak ux u3berarb

- HyHo 11 3aXBaTbIBaTh BCE JIOKH, YTOOBI MOHATH, YTO HAC ONEPEANIN?

- [Ipo6nema: Kak y3Hare HOMep cTpaiina, He 3Hast KOp3uHbI? Kak BBEIUMCINTE KOP3HWHY, HE 3aXBATUB
OJIOKMPOBKH cTpaiina?



- I 1aBHBIN MHBAPHUAHT: KaXAbIA IEMEHT HE JOJHKEH MEHATH CBOM CTPAMII IIPU IEPEXEITUPOBAHUU
- Kak nmobuthcest Gombiero napamienu3ma B xami-rabnuie: Reader/Writer 6:110kupoBku

- Peanmsanus ¢ ronoganueM nucarenen

- Peanmsanus ¢ ronoganneM uurarenei

- YectHas peanuszanys

- JIpyroit noaxon K NOCTPOCHUIO CIOBAPEU: CKUII-JTUCTHI

2. Mopeib naMsITH, KO
Kak ycTpoeHa mamsiTh: KOTEpEHTHOCTH K3IIEH W MOJIeTIhb KOHCUCTEHTHOCTH MaMSITH

KorepeHTHOCTB K311 Y CIUHIIOKH
- Kak pabotaer ¢ ToUkH 3peHUs] CHHXPOHHM3AINN KX asi OT/IeNbHas TUeiika aMsITh

- Komn u nepapxus namaru
- [IpoGnema KorepeHTHOCTH (CHHXPOHU3AIUH) KAIIeH

- BHyTpeHHss peanmzaiusi MPOTOKOJIOB KOTEPEHTHOCTH: Mmessage passing Ha IIMHE TaMSTH,
CBOICTBA MINHBI

- [Ipotokon MSI nnst cunxponuzanuy, rpad) nepexoaos
- Ananorus ¢ R/W 61okupoBkaMu

- Ontumusanusa MSI -> MESI

- Jlomonmaurensro: MOESI, MESIF

- KorepeHTHOCTh M MOPANOK MOAM(UKALMN: MPOTOKOJI KOTE€PEHTHOCTH YMOPAJOYHBAET 3allUCH B
OJIHY STYEHKY IIaMATH

- [Ipo6iemMbl TPOM3BOAUTEILHOCTH, CBSI3aHHBIE C IPOTOKOJIOM KOT€PEHTHOCTH:
- cache ping-pong npu 3axBare cnuninoka, TATAS-cninHiok

- thundering herd npu ormyckanmm cruHnoka: cnuaiok AnxgepcoHa, CLH, MCS wu napyrue
peanu3anuu

- false sharing Ha mpumMepe pacrpeieIeHHOTO CUETUYHKA

Mogens naMsITu

- I'maBHBIE BOIIPOCHI:

- Kak ymops1o4nBaroTCst 9TEHUS ¥ 3aUCH B PA3HBIE SIYCUKH?
- UTo MOXET BEepHYTh KOHKPETHOE UTCHHE?

- HOCHGHOB&TCJ’IBHaﬂ COTJIaCOBaAaHHOCTD J'IaMr[opTa

- PeanbHOCTE:
- [Ipumepsl peopAEPUHTOB ISl pa3HBIX apXUTEKTYP MPOLIECCOPOB
- PeopnepuHru KOMIUISATOPOB

- Kak rapanTHpoBaTh HIUIIO3UIO MOCIENOBATEIbHOM COMIACOBAaHHOCTH, W TPU 3TOM HMETh
PEOPAEPUHTH IIPU UCIIOJHEHUU?

[MocnenoBarenbHas COTIaCOBAHHOCTH JIJISI MPOrpaMM, cBOOOIHBIX OT roHOK (SC-DRF):

- lapanTHpoOBaTh MOCIEI0BATEIBHYIO COIIACOBAHHOCT JUIA JII000H MPOrpaMMBbl 10pOTO
- [Ipoueccopy Hy>KHO Z1esaTh PeOpAEPUHTH

- [IporpammucTy Hy’>kHa IPOCTast MOAEb UCTIOTHEHUS

- Pemenue: obecneynM BUAMMOCTB TOCIENOBATEILHON COTIIACOBAHHOCTU TOJBKO JUIS KOPPEKTHO
CUHXPOHHU3UPOBAHHBIX MTPOTPaMM



- Mogens mnamATH - KOHTPAaKT MEXIYy pa3padoTYyMKaMu IporpaMM M pa3paboTYyuKaMu
KOMITHJISITOPOB/MH)KEHEPAMU TIPOLIECCOPOB

I'maBusre uaen mopenu SC-DRF:
- Paznenum sueiiku mamsT (1 omepanuy HaJi HUIMHU) Ha JIBa KJiacca:

- ATOMUKH - SYEHWKH, KOTOPBIC UCIIONB3YIOTCS Ul CHHXPOHM3AIMH, TOPSI0OK OOpamieHus] K HUM U
olpeAessieT CHHXpOoHU3anuio (cM. mporoxon [lerepcona)

- HeatomapHhsie stueiiku

- I'moGanbHbIN mopsoK it aToMuKOB (synchronization order, SO)

- OrHomenwue synchronizes-with (uepe3 SO)

- Ornomenwne happens-before B Mojienu oTnpaBku cooOIEHHM

- Happens-Before kak Tpan3utuBHOE 3aMbikaHue synchronization order u program order
- Bumumocts 3anmceii yepes happens-before jiist HearoMapHBIX orepanuit

- I'maBuas teopema: SO st aTOMUKOB + BUAUMOCTH 3amucei yepe3 HB mna ocranbHbIX siueex +
DRF => nocnemoBarensHas CONIACOBAHHOCTh

3ayeM TaKHe CIIOKHOCTH:

- MEb1 ocnabuinu Tpe60BaHI/I$I K yIopsJ04YMBaHUIO: TTOCJICAOBATCIIbHASA COITIACOBAHHOCTL TOJIBKO IJIA
DRF

- B3ameHn koMnuisITOp Mosy4yaeT BOZMOKHOCTB JIeJIaTh OOJIbIIE PEOpPICPHUHIOB
Kiaccer peopaepunros, kotopsie qomyckaer SC-DRF:

- Peopmepunru Mexay TOYKaMU CHHXPOHH3AIlMM HAa aTOMUKAaX - MOPSIOK HE MOTYT HaOIOgaTh
IpyTHe MOTOKH

- Roach Motel

- Peanmm3anms Mozeny maMsTH B SI3bIKE IIPOrPaMMUPOBAHUS: Oapbepbl TaMATH (memory barriers)
- bonee cnabbie Monenu ynopsnounBaus: acquire/release, relaxed

- Acquire/Release-cemanTuka:

- l'apantupyem Toabpko BUAUMOCTh yepe3 HB, mmobGanbpHOTO mopsiaka Ha aTOMUKaxX MPH 3TOM HET

- [Ipumep: Independent Reads of Independent Writes (IRIW)

- Relaxed-cemanTtuka

- Jononmaurensuo: OoTA (out of thin air)

3. Lock-free cTpykrypsr

Hebnokupytomas cuaxponunsanusi, lock-free KoHTelHepHI, yIpaBieHne TaMAThIO

- [Ipo6nemMbl CHHXpOHHM3ALMHU: ACIUIOKH, JTABIOKH

- [Iporpecc B ciyuae nay3bl IOTOKA, 3aXBaTUBLIETO OJIOKUPOBKY

- Unes nebnokupymomeil CHHXpOHU3aLuU

- Ctporue onpenenenus rapantuii nporpecca: lock-freedom, wait-freedom, obstruction freedom
- He ucnone3yem B3anMHOE HCKITIOUEHHE

- CAS - mBetinapckuii Hox B Mupe RMW-omneparuit

- [Ipumep: xax peanuzoBatb FAA ¢ momomsio CAS

- O6wmui Mmexanu3M noctpoenus lock-free CTpyKTyp AaHHBIX: CChUIOYHBIE CTPYKTYpHI U CAS-rymb

- KoHnreiinepsr:



- Crek Tpaiibepa
- [IpoGnemsr: ABA, ocBOOOXKIeHHE TTAMSITH

- Ouepenp Maiikna-Ckorta
- Criucok Xappuca, IpUMEHEHHE JUTSL XIII-TaOIUIbl U CKHUII-JINCTA

- [IpoGnembl ¢ MaMsThIO:
- OcBobOokIEHNE TAMATH
- ABA npu ucnosnp30BaHUH ITyJIOB

- [Tonxonsr:

- Quiescent-based memory reclamation (QBMR)
- Hazard pointers

- Node recycling + tagged pointers

JOTIOJIHUTENIBHO:
- l'apanTus obstruction-freedom M CHUMKH HECKOJILKHX sIYEEK TAMSITH

4. CoObITHS, 33712491, TTYJI TIOTOKOB

JInneapusyemocTb
- Motuanus: Uto takoe muoronotouynast FIFO-ouepens?

- Bonee oOmme BOMpOCH: Kak MPOMOJICTUPOBATh KOHKYPEHTHBIE HCIOMHEHUS MJIsi CTPYKTYPHI
JaHHBIX?

- [Topsanox:
- YIOPSIAOYMBAHHE ONEpaluil Yepe3 KPUTUUECKUE CEKIUU

- Ha YpPOBHE SYEEK NaMATH - MOCJEJOBaTeNbHas COIIACOBAHHOCTH Il CBOOOJHBIX OT TOHOK
porpaMm

- llenp: momy4YnTh MOJIEIb YEPEIOBAHUS [T BBICOKOYPOBHEBBIX OOBEKTOB

- dopmasbHas MOJENb: KOHKYPEHTHAs M IOCIJeNOBaTeIbHAsS HCTOPHS, MPOCKIMA Ha TOTOKH H
0OBEKTBI

- HOCHGHOB&TCJ’IBHaﬂ COITIAaCOBAHHOCTD AJId BBICOKOYPOBHCBBIX 00BEKTOB

- IIpumep ¢ perUMIMPOBAHHBIM PETHCTPOM - TOCIIEAOBATENIFHAS COIIACOBAHHOCTh HE TMO3BOJISIET
KOMOMHHUPOBATh HECKOJIBKO OOBEKTOB

- JluneapuzyemMocThb (aTOMapHOCTb)
- JIOK-BO KOMIIO3UPYEMOCTH IS IMHEAPH3YyEMOCTH

- Touku nuHeapu3zanuu
- [Ipumep ¢ ouepenpto Herlihy/Wing

- Jluneapuzanust Uil yCKOPEHUs CTPYKTYp aHHBIX: basket queue, elimination backoft stack

JOTIOJIHUTENIBHO:
- Quiescent consistency u uyno-ctek [llaBura ¢ npuzmamu

- B cnyuae omepaumii HaJ HECKOIBKUMH OOBEKTaMH (TpaH3aKIMHM) HYyKHAa HOBas MOJEIh
KOHCUCTEHTHOCTH - CEPUATIU3YEMOCTh

- .HI/IHGapI/I?:yeMOCTB " pacClpCaACICHHBIC CUCTCMbI

- Local Linearizability?




Koncencyc, wait-free nepapxust

- MoruBanus: [loyemy HabOp WHCTPYKIME mporieccopa uMeHHO Takoh? Kakue omeparwm mydie
MOMOTAIOT CHHXPOHHU3HPOBATh MIOTOKH, a KaKHeE - XyKe?

- HaBogum uHTYMIIHIO
- [TocranoBka 3ayiaun wait-free KOHCEHCyCa, YMCI0 KOHCEHCYyCa JIJIs OTepaIui/o0beKTa

Kak onmcars m000# IpOTOKOJI KOHCEHCYyCa!

- Kondurypanus, mnpotokoa Kak CHOyCK IO JepeBy KOHQUrypauuii (BCIIOMHUTH IIpPO
JIMHEAPU3yEMOCTH),

- OMBaJICHTHbIC U YHUBAJICHTHbIC KOHPUTYpaLuH, KPUTHUECKasi KOH(UTyparus

- YHHUBepcalbHbIE CBOWCTBA JIOOOTO MPOTOKOJA: KOPEHb - OWBaJCHTHBIN, JIOOOH MPOTOKON MpPH
CITyCKE TIPOXOJIMT Yepe3 KPUTUIECKYIO KOH(PUTYpAIIHIO

- TeopeMa: KOHCCHCYC Ha aTOMAapHbIX R/W PErucTpax HEBO3MOXKCH AaXXC IJId IBYX IIOTOKOB

- [Ipumep ¢ ouepensio (6e3 MOK-Ba): YHCIO KOHCEHCyca sl wait-free odepeneid paBHO 2, a 3HAYUT
wait-free ouepeip HeNb3sl PeaaTu30BaTh TOJIHKO JIMIIH Ha aTOMAPHBIX YTEHUSX/3aMMUCIX

- Kmacc RMW-onepanuit Common2: uAeMIOTEHTHBIE U KOMMYTHPYIOIINE OTepaluu
- Teopema: KOHCEHCYC ¢ TTOMOIIbIO onepanuii 13 Common2 HEBO3MOXKEH JUIS yXKe AJIsl TPEX MOTOKOB

- JIONOJHUTEIBHO:
- PobactHoCTh Wait-free nepapxuu

- PanmoMmzanus

- YHMBepCaIbHOCTh KOHCEHCYCa

VYHUBepcanbHas KOHCTPYKIUS
- YHHMBepCaIbHOCTh KOHCEHCYCa

- PabotaeM co CTPYKTypoOii TaHHBIX KaK C YEPHBIM SIIIIUKOM, UCIIOIB3YEM TOJIBKO TOCIIEI0BATENHLHYIO
crerupUKaIio

Lock-free koHCTpYKITHS:

- OcHOBHas Hujed:
- [ToTokU pa3AensoT He COCTOSIHUE CTPYKTYPhI JAHHBIX, & UCTOPUIO €€ U3MEHEHUH (JI0T KOMaH1)

- Kanc;[asl onepanusa COCTOUT U3 ABYX LIATrOB: 1) BCTaBKa 3JICMCHTA B JIOT' KOMaH/, 2) OPHUMCHCHUC
KOMaH/ U3 Jiora

MOJ/ICP’)KUBAEM OOIIUI JIOT KOMaH/I (MCTOPHIO U3MEHEHHN )

- Peanmzanust:

- XpaHHUM I'0JIOBY CIIUCKA B BHJIE MacCUBa

- Hcnonp3yeM KOHCEHCYC [l BCTaBKU OYEPEIHOTO Yy3J1a B CIIUCOK
- CBoOO/a 0T OGIIOKUPOBOK

- JInneapuszanys BCTaBKU

Wait-free KOHCTPYKITHSI:

- B uem npoGnema lock-free KOHCTPYKIIMK: TIOTOK MOXET MIPOUTPHIBATH BCTABKU CKOJIb YTOIHO JIOJTO



- Mnesi: MOTOKM JOJKHBI CHHXPOHHO ITOMOTaTh IPyTUM ITOTOKAaM BCTAaBIISATH y3JIbl B JIOT KOMaH]
- Otnaue ot ouepenu Maiikina-Ckorra

- Peanuzanms: aHoHCHI BCTaBOK, round-robin 1o mocieaoBaTeIbHbIM HOMEpPaM Y3JI0B B UCTOPUU
- JIuneapu3zanus: TOUKa JMHEAPU3AIMN ONIEPALIMN MOXKET HAXOIUTHCS B IPYTOM MOTOKe!

- 3amevanus 1o 3GPEKTUBHON peanu3anun
- YrpasieHue namMsaThio

- [Mapannenu ¢ pacnpe/eieHHBIMU CUCTEMaMHU - state machine replication

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHNS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAs! KOMIIBIOTEPaMH AJIs1 KAK0TO CTYICHTA.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
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 noctyna : u3 cetu MOTU / YnanenHsiit 1ocTy)
2. INapamnensublie Beruncienus Ha GPU. Apxurekrypa u nporpammuas mogens CUDA, Dnekrponnas
Bepcus neuarHoi myonukaiuu / A. B. bBopeckos, A. A. Xapnamos, H. JI. Mapkosckuit, /. H.
MukymnH. — Mocksa, MI'Y umenun M. B. JlomonocoBa, 2015

JomnonHurenbpHas auTeparypa

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

y4eOHast ayTuTOpusi, 3KpaH U POEKTOP.
9. MeToauyeckue yKazaHus AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Ha 3anaTHAX 0co00e BHMMaHWE OOpaImaeTcss Ha COBPEMEHHBIE CIIOCOOBI pa3pabOTKH MPOTPAMMHBIX
npoaykToB. HeoOxonumMo TpeboBaTh OT CTYJCHTOB KAUECTBEHHOTO M TOHSATHOTO MPOTPAMMHOTO KOJa
Ha PSIIy ¥ B PaBHOM CTEMEHU C MpaBUIbHOW paboToi mporpammbl. Ha 3aHATHAX CTOUT IMOCTOSTHHO
pa3ouparb OMKMOKH, KOTOpPHIE JOMYCKadW CTYJACHTBHI B CBOMX MpOrpamMmax, a TakKe JIOTHYeCKHe
OIINOKH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: CucreMHOE pOrpaMMUpOBaHHUE U TPUKJIaIHAS MaTeMaTHKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa anropuTMOB U TEXHOJIOTUH MPOTrPaMMHUPOBAHUS

Kypc: 2

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: A.W. I'punryTuH, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMalWuW MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4 CriocoOeH oCyIIecTBIATE COOp U OIIK-4.2 3HaeT OCHOBHBIC HCTOYHUKH HAYYHO-TEXHHIECKOM
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH) u (W) TexHoJOorMYeckod wuHpopManmuu B OONACTH
TEXHOJIOTUYECKON HH(POPMAIMH IS pEIIeHNsT  |POpeCCHOHATBHON ACATEIBHOCTH

(byHI@MeHTaNbHBIX M IPUKIAHBIX 33124 OIlK-4.4 Bnageer HaBbIKaMU pabOTHl C KOMIBIOTEPOM H

KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOJTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHYECKOM)
uHpopMaun

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA

B PE3IYIBTATC U3YUCHUSA AUCHUIUINHBI ((TeOpI/IH " MPAaKTHUKa MHOTI'OIIOTOYHOM CUHXPOHU3AIUN» O6y‘laIOH.[PII>iC5[
JOJIKCH:

3HATH:
- OCHOBHbIE MOJEIM IAMATH, WHCIIONb3YeMble B s3bIKaX IMPOrPAMMUPOBAHHMS M  Pa3IHMYHBIX
ApXUTEKTypax MPOLECCOPOB, YMETh ONUCHIBATH PA3IMYHS ITUX MOJICIICH TaMsITH.

yMeThb:
- ONKCaTh OCHOBHBIC CIICHAPHHM MHOTOIIOTOYHOW CHHXPOHHW3ALUH W NPUMHTHBBI CHHXPOHH3ALHH,
MIO3BOJISIOIINE OTH CIICHAPUU BOCIIPOU3BECTH;
- ONHUCHIBATh M PEAIM30BBIBATH TaKUe OOBEKThI ACHHXPOHHOIO MporpamMMHpoBaHus, kKak fibers,
stackless coroutines, futures u promises.

BJIA/IETh:
- HaBBIKAMHU Pa3pabOTKU M OTIAJKA MHOTOIIOTOYHBIX MPUJIOKEHUH, B TOM YHUCIE C HCIOJIb30BAaHUEM
TaKWX cpelcTB oTnaakH, kak AddressSanitizert u ThreadSanitizer.

3. IlepeyeHb THNOBBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

[IprMephl IPaKTUYECKUX 3aJaHUI B TEUEHHUE CEMECTPA:
. Halinure B JaHHOM KOJIe aCHHXPOHHOT'O KIIMEHT-CEPBEPHOTO IPHIIOKEHUS OIINOKY.
. OObscHHUTE CyTh OIIMOKH B KOZIE ACHHXPOHHOTO KIIMEHT-CEPBEPHOT0 MPHUIIOKEHHUS.
. UcripaBbTe OIMOKY B KOZIE ACHHXPOHHOTO KIIMEHT-CEPBEPHOTO NMPHUIIOKEHHUS.
. Peanuzyiite knacc stackless coroutine.

1

2

3

4

5. Peanu3oBarbh MBIOTEKC.
6. PeaninzoBarh CHHXpOHHBIE COKETHI 1J1s PaitbepoB Haj PpeiiMBOPKOM asio.

7. C moMoIIpI0 CHHXPOHHBIX COKETOB Jyis (haiibepoB Haa (peiiMBOPKOM asio HaIKcaTh 3X0-CEpBep.
8. PeanmuzoBars ppeliMmBopk executors + futures/promises.

9. Kaxoit MproTekc Ha3bIBaeTCA PEKypPCHUBHBIM.

1

0. [MTpumuTHB cuaxponnsanuu read/write-lock.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Hanmmmre Ha TmceBIOKoAEe NPUMHTHB CHUHXpOHM3anuu read/write-lock ¢ mpuopureTom ams
yuTarene.
2. Co3pmaliTe Ha TICEBIOKOJE NPUMUTHB CHHXpoHHM3armu read/write-lock ¢ npuoputeroM IS
MHCaTENEH.




3. MbIOTeKC Ha3BIBAETCS PEKYPCHUBHBIM (reentrant, recursive), €CIM MOTOK, BIAJICIOIIUNA MBIOTEKCOM,
MOXKET 3aXBaTUTh ero (Bei3BaTh MeToj lock), moBropHO. [Ijiss 0CBOOOXKICHHS PEKYPCUBHOTO MBIOTEKCA
MOTOK JOJDKEH BbI3BaTh unlock cTonpko pas, ckonmbko ObuT BeI3Bad lock. Hampumep, TAS cnimanok He
SIBIIAETCS PEKYPCUBHBIM: IOMBITKA TMOBTOPHOTO 3axXBaTa CIIMHJIOKA TEM JK€ TIOTOKOM IPUBEAET K
BeyHOMYy mWKIy ¢ exchange BHyTpu. CTaHIapTHBI CHCTEMHBI MBIOTEKC TakKKe HE SBISETCS
PEKypCHBHBIM. Peanu3yiiTe pekypCUBHBINA MBIOTEKC C TIOMOIIBI0 OOBIYHOTO HEPEKYPCHUBHOTO MbIOTEKCA
Y YCIIOBHOM ITEPEMEHHOM.

4. Harummre ximace CountDownlLatch, kKoTopsiii HHUIIMATH3UPYETCS 3HAYEHUEM count.

5. Hamummre xmacc CountDownLatch, xotopeiii mopnepxkuBaer omnepauuto Down() - yMEHBIINTH
3Ha4YEHUE CYETUHMKA HA EIUHUILY

6. Hamumure kmacc CountDownLatch, koTopsiii momaepkuBaeT onepanuio Await() - JOXKIaThCs C
OJIOKMPOBKOM MOTOKA ITOKA 3HAYCHUE CUCTYMKA HE OIYCTHTCS JI0 HYJIS.

7. Hanmmure ReadWriteLock ¢ npuopureroM asist untaresnei

8. Hanumute knace TicketMutex, KOTOPBIi BbIIAET OTOKaM OJIOKUPOBKY B MOPSJIKE BHI30BOB METOA
Lock.

9. Hanmmmre knacc TicketMutex, KOTOpBI BBIACT OXHJIAHHE Ha MBIOTEKCE W JIOJDKHO OBIThH
OJOKHUPYIOLIIM.

Kputepun onennBanus

- omenka «omm4HO  (10)»  BBICTaBNSieTCS  CTYAEHTY, IIOKa3aBLIEMy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBAHHE
NPUHATHIX PELICHUI

- omeHka «orauuHo  (9)»  BBICTaBIsIeTCS  CTYJCHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CUCTeMaTU3UPOBaHHbBIC, TNIYOOKHE 3HAHKS YIEOHO! MPOrpaMMBbl TUCITUTUTHHB U YMEHUE IPUMEHSTh UX
Ha TIPaKTHKE NP PEIICHUH KOHKPETHBIX 33Jlad, CBOOOMHOE W TPaBUIBHOE O00OCHOBAHWE MPUHSTHIX
peleHui

- oueHKa  «oTaumyHO  (8)»  BBICTABIsAETCS  CTYHACHTY,  IIOKAa3aBIIEMY  BCECTOPOHHHE
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL U YMEHHE IPUMEHSITh UX
Ha [IPAaKTUKE PU PEIICHUH KOHKPETHBIX 3aJ1a4, ¥ MPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUI

- OLICHKa «XOopouio (7))) BBICTABJIIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MaTCpuall, rpaMOTHO H I10
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTHUKE, HO OOITYCKACcT B OTBETC
HJIN B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTHU,

- OIIEHKa «XOpoIlIo (6)» BBICTABISAETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT NPHUMEHSTHh MOJyuYeHHbIC 3HAHWSA Ha MPaKTHKE, HO JOMYyCKAaeT B OTBETE WM B
peLIeHNH 3a/1a4 HEKOTOpble HETOYHOCTH;

- OLICHKa «XOpoIIo (5)» BBICTABJIACTCA CTYACHTY, €CCJIM OH 3HACT MATCpuall, U MO CYHICCTBY MU3JIaracT
€ro, yMeeT NpUMCHATL IMOJYUYCHHBIC 3HAHUSA Ha IMPAKTHUKE, HO AOIYCKACT B OTBETC WM B PCUICHUU
3a1a4 HCKOTOPBIC HCTOYHOCTH,

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO Marepuaia, HO IIPU 3TOM
OH BIAZIcET OCHOBHBIMHU paslefaMyd y4eOHOW NporpaMMmbl, HEOOXOIUMBIMH [UIS JajJbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHATH MOIy4YeHHBIC 3HAHU 110 00pa3sily B CTAHAAPTHOM CUTYalUH;

- OIIEHKa «YJIOBJIETBOPUTENbHO (3)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapylLIeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B M3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3liellaMd Y4YeOHOW NpOrpaMMbl, HEOOXOOUMBIMHU IS
JanbHENIIero oOydeHHs M MOXKET HPUMEHATh IOJTy4eHHble 3HaHMSA 1O o0paslly B CTaHIApTHOM
CUTYalluu;

- OLECHKAa «HEYJOBJIETBOPUTENIBHO (2)» BBICTABIAETCS CTYACHTY, KOTOPBIH HE 3HAeT OOJbIIed 4YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX MOHATUI IUCLUILIMHBI M HE YMEET MCIIOIb30BATh MOIYYEHHBIC 3HAHUS IPU
pEILLIEHUH TUIIOBBIX IPAaKTUYECKUX 3a1a4

- OLICHKA «HEYNOBIETBOPUTEIHHO (1)» BBICTABISAETCA CTYACHTY, KOTOPBbIH HE 3HaeT (OPMYIHPOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



Bo Bpems mpoBenenus auddepeHIMpOBaHHOTO 3adera OOydYarolmIuecsi MOTYT TIOJb30BaThCs
IpOrpaMMOl TUCIUTUTUHEI.



