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AHHOTANMA

B Kkypce wu3ydaloTcsi OCHOBBI MHOTOIIOTOYHOTO TNPOTPAMMHUPOBAHHS M 3a/aud, CBS3aHHbIE C HUM.
PaccmarpuBaroTcs KiaccU4ecKHe CLEHApUM M MEXaHU3Mbl CUHXPOHU3aLMUM B MHOIOIOTOYHBIX CUCTEMAX,
Takhe Kak, HalmpuMep, MBIOTEKC, YCJIOBHas mepeMeHHass u Oapbep. OOCyxOaroTcs 3ajadd U MEXaHU3MBI
pa3HBIX YpPOBHEH, KOTOpbIE BO3HMKAIOT B SI3bIKaxX IIPOIPaMMMPOBAHUS, IOAJEPKUBAIOIIUX BO3MOMKHOCTH
ACHHXPOHHOT'O MPOTPaMMHUPOBAHMS, HA IpUMeEpeE S3bIKOB Mporpammuposanusi C++ u Golang. HemanoBaxxnoe
3Ha4€HUE B Kypce NMpUIAETCsl MOAEISAM MaMATU B Pa3iMuHBIX SI3bIKaX IIPOIPaMMMPOBAHUSA U apXUTEKTypax
npoueccopoB. Kpome atoro, uccieayrorcs MexaHU3MBbl U cTpareruu garbage collection B pa3inyHbIX SI3bIKax
POrPaMMHPOBAHMS U IPOOIEMBI, CBA3aHHBIC ¢ MHOTOIIOTOYHOCTBIO.

1. lean u 3apa4n

Henp AucoMnInHBI
- CohopmupoBarh y CTyAeHTa IMOHMMaHHE OCHOBHBIX CLIEHAPHEB M HHCTPYMEHTOB MHOTOIIOTOYHON
CUHXPOHM3ALUH.
- JlaTh TEOpETHYECKUE U MPAKTHUECKUE 3HAHUSA O MEXAHU3MaxX ACMHXPOHHOTO MPOTpaMMHUpPOBAaHUS U
ACUHXPOHHOI'0 UCIIOJHEHHUS B Pa3JIMUHBIX SI3bIKaX IPOrPaMMUPOBAHMUSL.
- Jlatb cTydeHTaM IIOJHYI0 KAapTHHY HCIIOJIHEHUs MHOIOIOTOYHBIX CHUCTEM: OT MOAEIEeH MaMsATu
Iporeccopa 0 yCTPOHCTBa BEICOKOYPOBHEBBIX IPUMUTHBOB Kak, Harpumep, futures.

3agaum AUCUMIIUHBI
- Hayuuts ¢opmynupoBars 3aJa4i B TEpPMUHAX U3YUCHHBIX TEOPHUH, BHIOMPATh MOAXOISIINN alTOPUTM
JUTSL TIOCTaBIICHHOW 3a1a4H.
- Hayuuts paspabaTbiBaTh KOMOMHAIIMM AITOPUTMOB JJIsl PEIICHUS MOCTaBICHHBIX 3a/1a4, OL[CHUBATh
CIIO)KHOCTU aJITOPUTMOB, MX MOAM(UKAIMA M KOMOWHAIMH, BBHIOMpATh MOAXOISIINE CTPYKTYPbI
JAHHBIX JUIS TIOCTAaBJICHHBIX 3aJad, Peaju30BbIBAaTh AJTOPUTMBI B 00OOIIECHHOW (hopMme Ha S3bIKe
nporpammuposanust C++

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

Koj v HalMeHOBaHUE KOMIICTCHIUH WNHaMKaTOpBI 1OCTHIKEHHUS KOMITCTCHIINN
OIIK-2.1 CriocobeH  NPUMEHSTb  COBPEMEHHBIC
OIIK-2 Crioco6GeH MCIob30BaTh COBPEMEHHBIE |BBIYUCIMTENILHYIO TEXHUKY M CEPBHUCHI ceTH MHTEpHET B
“H()OPMAIIMOHHBIC TEXHOJIIOTUU U obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

NPOTrpaMMHBIE CPEACTBA IIPU PELICHNUH 3a7a4 OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
po(eCCHOHAIBHOM IEATENBHOCTH, COOMIONAsA  |MaTEMATHYECKME METOABI M IPHUKIAJHOE NPOrPAMMHOE
TpeOoBaHus MHYOPMAIIMOHHOM OE30MIACHOCTH  [o0ecrieyeHre Il PelIeHHMs  Hay4HbIX  3a1ad B
npodeccuoHaIbHON 0bnacTu

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbsrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HATh!
- OCHOBHBICE MOJIEIM TaMSTH, HCIONB3yeMble B S3bIKaX IPOTPAMMHPOBAHUS M  PA3THYHBIX
ApXUTEKTypax MpOILEeCCOPOB, YMETh OMUCHIBATH PA3JIMUMsl ITUX MOJEIICH aMsITH.

YMETb:
- OmMcarh OCHOBHBIC CIICHAPUM MHOTOIIOTOYHOH CHHXPOHM3ALMH W TPUMUTHBBI CHHXPOHH3ALUH,
MO3BOJISIOIINE ITU CLICHAPUH BOCIPOU3BECTH;
- ONHKCHIBATh W PEATU30BHIBATh TaKWE OOBEKTHI ACHHXPOHHOTO IpOTrpaMMHUpoBaHus, Kak fibers,
stackless coroutines, futures u promises.

BJIQJICT!

- HaBBIKAMU Pa3pabOTKU W OTIAJKH MHOTOIOTOYHBIX MPUIOKEHHUH, B TOM YHCIE C HUCTOIB30BaHUEM
TaKuX CpencTB oTiaaku, kak AddressSanitizert u ThreadSanitizer.




4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlexkimu | CemuHapsl JIaGopat. paboThI Camocr.
P pat-p pabora
1 [TpoGnemMbl CHHXpOHH3AINN 10 10 15
2 Mojieiib IaMATH, K31 6 6 20
3 Lock-free cTpykTypbl 8 8 20
4 CoObITHs, 33241, Y]l TIOTOKOB 6 6 20
Uroro wacos 30 30 75
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjiesiam)
Cemecrtp: 4 (Becennuit)

1. ITIpo6neMbl CHHXPOHU3AITUT

brokupyromas CHHXpOHU3AIHSL.

B3aumHOe HCKIIIOUEHUE

- MotuBanus: mpuMepbl TOHOK, KPUTHYESCKHE CEKIIMU Ul TPYIIUPOBKU OIEpanuii B aToMapHbIe
0ok

- ITocTranoBka 3aJa4y B3aMMHOT'O UCKITFOYCHU A

- Iapantun xoHcucteHTHOCTH (safety: mutual exclusion) u rapantuu nporpecca (liveness: deadlock
freedom, starvation freedom)

- ATOMapHOCTb U aTOMapHas namsTh
- Monens yepenoBaHus 17151 KOHKYPEHTHBIX UCIIOTHEHUHN

- I[IpoToKxosBI HAa YTEHUAX/3AMUCAX:

- Merotekc Iletepcona u1s ABYX IOTOKOB

- O6o0IIeHre Ha N TOTOKOB € TIOMOIIBIO tournament tree

- CeoticTBo yectHoCTH (fairness), doorway u wait-ceKIuu

- Merorekc Jlamnopra Ha BpEMEHHBIX METKAX, JIOTUYECKHUE YaChl
- Cpasnenue anroputmoB Ilerepcona u Jlammopra

- RMW-oneparuu: test-and-set, fetch-and-add,
- IIporoxonsl Ha RMW-onepanusx:

- TAS cniuunok

- Ticket crinnoK

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




- HwxHss rpaHnIa Ha 9UCIIO siYEeK MaMSTH JUIs B3aUMHOTO HCKITIOUCHUS
- Coumutrep u fast path qis mprotekca Jlammopra

- JIONIOJTHUTEIBHO:
- 3ayaua renaming
- Konctpykuus 11 orpaHMYeHHBIX BpEMEHHBIX METOK B anroput™me Jlammopra

CHHXpOHM3AIHs: YCIIOBHBIE IEpEeMEHHBIE U ceMadopbl
- [Tarrepn koMmmyHmKanuu producer/consumer
- briokupyromias ouepens, HHTEpdEic, IPUMEHEHHE VIS MyJla TOTOKOB

YCnOBHBIE IEPEMEHHBIE:

- Yc0BHBIE TEPEMEHHBIE KaK MEXaHU3M OKHUIAHUS U CUTHAJIM3UPOBAHUS

- Tounas cemanTHKa onepanuil

- Metadopa ¢ koMHaTaMH

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

- Spurious wakeup

- Intercepted wakeup

- Loose predicate (Ha mpumepe 06001meHHOT0 cemadopa)

- BapuanTbl curnanu3upoBaHus
- MuBapuanT u hopmanbHOE JJOK-BO
- CueHapuu ¢ onmOKamu

Cemadopsr:

- Cemadop kak OIOKHPYIOIIUI CIETUNK

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

- CaMm cueT4HK HeIOCTYIIEH B HHTEep(detice cemadopa

- Cemadop Kak aBTOMAr C )KETOHAMHU

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

MenkorpanynspHble OJIOKUPOBKH

- 3aymada obenaromux GpunocodoB U B3aUMHBIC OJIOKUPOBKH

- Wait-for rpad mis oOHapy>KeHHs B3aMMHBIX OJIOKHPOBOK, yciioBus Kopdmana
- Pemenue ¢ momorpto cemaopos

- Pemienne ¢ momMonipio HapynIeHus: CHMMETPUN

- O6u1as uzes: ynops0o4nBaHue JIOKOB, 10K-BO KOPPEKTHOCTH

- I'maBHBIA ipuMep - lock striping Jutst XOUIHMPOBAHUS TIETIOYKAMHU

- OUKCUPOBAHHBIN MAaCCUB MBIOTEKCOB, CTPAMIIbI

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

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

- [Ipobnema: Kak y3Hats HOMep cTpaiinia, He 3Hasi KOp3uHbI? Kak BBIYUCIHTH KOP3HWHY, HE 3aXBaTHB

OJIOKMPOBKH cTpaiina?

- I'naBHEIN HWHBAapUaHT: Ka)KILLIﬁ QJICMCHT HE OOJIDKCH MCHSATDH CBOH CTpafIH IIpU NepeXCINPOBAHUN

- Kak moOutbcs 6osbiero napauienu3ma B xami-tabnuue: Reader/Writer 6:110kupoBku

- Peanmaunﬂ C ITOJIOJaHHUEM nucareicu



- Peanuzanus ¢ rosionanuem unrarenen
- YectHas peanuszanys
- JIpyroil noaxon K NOCTPOCHUEIO CIOBAPEU: CKUII-TTUCTHI

2. Mojeib naMsITH, KIIII
Kak ycTpoeHa mamsiTb: KOTEpEHTHOCTH K3IIEH W MOJIeTIhb KOHCUCTEHTHOCTH MaMSITH

KorepeHTHOCTD K311 U CIUHIIOKH
- Kak pabotaer ¢ Touku 3peHUs] CHHXPOHHM3AINN KX asi OT/IeNbHas STUelika aMsITh

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

- BHyTpenHss peanmuzanusi MPOTOKOJIOB KOTEPEHTHOCTH: message passing Ha IMUHE MaMsITH,
CBOICTBA MIUHBI

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

- Ontumusanusa MSI -> MESI

- Jlomonmaurensro: MOESI, MESIF

- KorepentHocTh 1M mopsaoKk MonuM(pUKALUi: MPOTOKOJI KOTEPEHTHOCTH YIMOPSAOYMBACT 3alMCU B
OJIHY SYEHKY IIaMATH

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

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

- false sharing Ha mpumMepe pacrpeieIeHHOTO CUETUYHKA

Mogens naMsITu

- I'maBHBIE BOIIPOCHI:

- Kak ymops1ounBaroTCst 4TEHUS ¥ 3aUCH B PA3HBIE SIYCUKH?
- UTo MOXET BepHYTh KOHKPETHOE UTCHHE?

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

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

- Kak rapanThpoBaTh WUIIO3UI0 IOCIIEOBATENBHON COINTACOBAHHOCTH, M IPH OJTOM HMETh
PEOPAEPUHTH IIPU UCIIOJIHEHUU?

[MocnenoBarenbpHas COTIACOBAHHOCTH JIJISI MPOrpaMM, cBOOOIHBIX OT roHOK (SC-DRF):

- lapanTHpoOBaTh MOCIEI0BATEIBHYIO COIIACOBAHHOCT JUIA JII000H MPOrpaMMbl 10pOTO
- [Ipoueccopy Hy>KHO J1enaTh PeOpAEPUHTH

- [IporpammucTy Hy>XHa IPOCTast MOAETb UCTIOTHEHUS

- Pemenne: obecneynM BHAMMOCTH MOCJEIOBATEIbHON COIIACOBAHHOCTH TOJBKO JUIS KOPPEKTHO
CUHXPOHU3UPOBAHHBIX POTPaMM

- Mopens mnamsATH - KOHTPAaKT MEXAy pa3paboTUMKaMyd TNporpaMM M pa3padoTUMKaMu
KOMITMJISITOPOB/HH)KEHEPaMU TPOLIECCOPOB



I'maBubie uneu moaenu SC-DREF:
- Paznenum siaeliku mamsiTe (M omiepaliyii Haji HUMH) Ha JIBa Kjiacca:

- ATOMUKH - SYEWKH, KOTOpPBIE MCIIOIB3YIOTCS Ul CHMHXPOHU3AIMHU, TOPAIOK OOpaIleHust K HUM U
oTpeJieNIieT CHHXpOHMU3anuio (cM. mpotokoin Ilerepcona)

- HearomapHsie Aueiiku

- ImobanbHbIi mopaaok 1t aToMuKOB (Synchronization order, SO)

- Ornomenwne synchronizes-with (aepe3 SO)

- OrHomenue happens-before B Mogenu oTnpaBku cooOeHn

- Happens-Before xak Tpan3uTuBHOE 3aMbIKaHue synchronization order u program order
- Bunumocts 3anmceii yepes happens-before aiis HearoMapHbIX orepanuit

- I'maBras Teopema: SO mist aTOMUKOB + BUAMMOCTH 3amuceld yepe3 HB ms ocrampHBIX sideek +
DRF => nocienoBareiabHas COTrlIacOBaHHOCTh

3aueM Takue CIOKHOCTH:

- MbI ociiabunu TpeOoBaHUs K yNOPSAAOYMBAHUIO: MTOCIEI0BATEIbHAS COMIACOBAHHOCTh TOJBKO IS
DRF

- Bzamen KOMITUJIATOP MOJIY4aCT BO3BMOXKHOCTh ACJIATh OoJibIIIe PECOPACPUHTOB

Knaccsl peopaepunros, kotopeie gomyckaer SC-DRF:

- Peopnepunru Mexay TOYKaMH CHHXPOHHM3ALMM HAa arOMUKaxX - MOPSIOK HE MOTyT HaOmomaTh
JpyTue MOTOKU

- Roach Motel

- Peanuzanmst Mojien maMsTH B SI3bIKE IPOTPAMMHPOBaHUs: Oapbephl MamMsITH (memory barriers)
- Bonee cnabpie Monenu yrnopsaounBaus: acquire/release, relaxed

- Acquire/Release-cemanTuka:

- l'apantupyem ToibpKo BUANMOCTD Yepe3 HB, rmobanbpHOTO MopsiiKa Ha aTOMUKaX MPH OTOM HET
- [Ipumep: Independent Reads of Independent Writes (IRIW)

- Relaxed-cemanTuka

- Hononuurensno: OoTA (out of thin air)

3. Lock-free cTpykryphr

Hebnokupytomas cuaxponunsanusi, lock-free koHTelHEpHI, yIpaBlIeHNE TAMSTHIO

- [IpoGnemMbl CHHXpOHM3AINH: ACUIOKH, TABIOKH

- IIporpecc B ciydae nay3bl HOTOKa, 3aXBaTUBLIETO OJIOKMPOBKY

- Wnest HeOnokupyromeil CMHHXpOHN3aIluU

- Crporue onpenenenus rapantuii nporpecca: lock-freedom, wait-freedom, obstruction freedom
- He ncnone3yem B3auMHOE HCKITIOUCHHE

- CAS - mBeiinapckuit Hox B Mmupe RMW-oneparuit

- [Ipumep: xak peannzoBats FAA ¢ momomisio CAS

- O6muit Mmexanu3M noctpoenus lock-free CTpyKTyp JaHHBIX: CCBUIOYHBIE CTPYKTYpBI U CAS-11yTibt
- Konreitnepsr:

- Crek Tpaiibepa
- [IpoGnemsbr: ABA, ocBOOOXK/IeHHE TTAMSITH



- Ouepenp Maiikna-CkorTa
- Criucok Xappuca, IpUMEHEHHE JUTSL X3II-TaOIUIbl U CKHUII-JINCTA

- [IpoGnembl ¢ MaMsThIO:
- OcBoboKAEHNE TAMATH
- ABA npu ucnosbp30BaHUH ITyJIOB

- [Tonxonsr:

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

- Node recycling + tagged pointers

JIOTIOJIHUTENIBHO:
- l'apanTus obstruction-freedom M CHUMKH HECKOJIBKHX sIYEEK TAMSITH

4. CoObITHS, 33712491, Tyl TTOTOKOB

JInneapusyemocTb
- Motusanus: Uro Takoe muoronotouynast FIFO-ouepens?

- Bonee oOmme BOMpOCH: KaK MPOMOJEIUPOBATh KOHKYPEHTHBIE HCIOMHEHUS MJIi CTPYKTYPHI
JaHHBIX?

- [Topsnok:

- YIOPSAOYMBAHHUE OINEpalMi yepe3 KPUTHUECKHE CEKIIUU

- Ha YpOBHE SYEEK MaMATH - TMOCJIEeNOBaTeNIbHAs COINIACOBAHHOCTH MJISi CBOOOAHBIX OT TOHOK
[IporpamMmm

- llenb: momy4YnTh MOJIEIb YEPEIOBAHUS [T BBICOKOYPOBHEBBIX OOBEKTOB

- dopmainbHas MOIENb: KOHKYPCHTHAas W MOCJENOBaTebHAs MCTOPHsS, MPOCKIMH Ha MOTOKA H
O0OBEKTBI

- HOCHGHOB&TCJ’IBHaﬂ COITIAaCOBAHHOCTD AJI1 BBICOKOYPOBHCBBIX 00BEKTOB

- [Ipumep ¢ pemIMIMPOBAHHBIM PETUCTPOM - IOCIEIOBATEIbHAS COIIACOBAHHOCTH HE IO3BOJISET
KOMOMHHUPOBATh HECKOJIBKO OOBEKTOB

- JluneapuzyemMocThb (aTOMapHOCTb)
- JIOK-BO KOMIIO3UPYEMOCTH ISl TIHHEAPH3YyEMOCTH

- Touku nuHeapu3zanuu
- [Ipumep ¢ ouepenpto Herlihy/Wing

- Jluneapuzanust Ui yCKOPEHUs CTPYKTYp aHHBIX: basket queue, elimination backoff stack

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

- B cnyuae omepammii HaJ HECKOJIBKUMH OOBEKTaMH (TpaH3aKIMM) HYXXHa HOBas MOJENb
KOHCUCTEHTHOCTH - CEPUATIU3YEMOCTh

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

- Local Linearizability?

Koncencyc, wait-free nepapxus



- MoruBanus: [louemy Habop MHCTPYKIMH mpolieccopa uMeHHO Takoh? Kakue omeparwm mydine
MOMOTAIOT CHHXPOHHU3HPOBATh MIOTOKH, a KaKHeE - XyKe?

- HaBogum uHTYMIIHIIO
- [TocranoBka 3ayiaun wait-free KOHCEHCyCa, YMCI0 KOHCEHCYyCa JIJIs OnepaIui/o0beKTa

Kak onmcars m000i IpOTOKOJI KOHCEHCYyCa!

- Kondurypamus, mnpoTokon Kak CIOycKk 0O JepeBy KoH(urypauuii (BCIOMHHTH MO
JIMHEAPU3yEMOCTH),

- OMBaJICHTHbIC U YHUBAJICHTHbIC KOHPUTYpaLuH, KPUTHUECKasi KOH(UTyparus

- YHUBepcalbHbIE CBOWCTBA JIFOOOTO TPOTOKOJIA: KOPEHb - OWBAJIICHTHBIN, JIFOOOW TPOTOKON TpHU
CITyCKE TIPOXOJIUT Yepe3 KPUTUIECKYIO KOH(PUTYpAIIHIO

- TeopeMa: KOHCCHCYC Ha aTOMAapHBIX R/W pErucTpax HEBO3MOXCH AaXXC IJId IBYX IIOTOKOB

- [Ipumep ¢ odepensio (0e3 MOK-Ba): YMCIIO KOHCEHCYca It wait-free ouepeneit paBHO 2, a 3HAYHT
wait-free ouepeip HeNb3sl PeaTu30BaTh TOJIHKO JIMIIH Ha aTOMAPHBIX YTEHUSX/3aMMUCIX

- Kmacc RMW-onepanuit Common2: uAeMIOTEHTHBIE U KOMMYTHPYIOIINE Oepaluu
- Teopema: KOHCEHCYC ¢ TIOMOIIBIO onepanuii 3 Common2 HEBO3MOXKEH JUIs yXKe AJIsl TPEX MOTOKOB

- JIONIOJTHUTEIBHO:
- PobactHoCTh Wait-free nepapxuu

- PanmoMmzanus

- YHHMBepCaIbHOCTh KOHCEHCYCa

VYHHBepcanbHas KOHCTPYKINS
- YHHMBepCaIbHOCTh KOHCEHCYCa

- PabotaeM co cTpyKTypoli JaHHBIX KaK C YEPHBIM SIIIUKOM, UCIIOJIb3YEeM TOJBKO MOCIIEI0BATEIbHYIO
crerupuKaIio

Lock-free koHCcTpyKITHS:

- OcHOBHas ued:
- [ToTokM pa3AensAoT He COCTOSIHUE CTPYKTYPhI JAHHBIX, & UCTOPUIO €€ U3MEHEHUH (JI0T KOMaH1)

- Kaxc;[aﬂ onecpanusa COCTOUT M3 JIBYX IHIAroB: 1) BCTaBKa 3JICMCHTA B JIOI' KOMAaH/, 2) OPHUMCHCHUC
KOMaH/ U3 JioTra

MOJ/IEP’)KUBAEM OOIIUI JIOT KOMaH/I (UCTOPHIO N3MEHEHHN )

- Peanmzanust:

- XpaHHUM I'0JIOBY CIIUCKA B BHJI€ MacCUBa

- Ucnonp3yeM KOHCEHCYC Ul BCTaBKU OYEPEIHOTO Yy3J1a B CIIUCOK
- CBoOO/a OT BGIIOKUPOBOK

- JInneapuszanys BCTaBKU

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

- Mnesi: MOTOKM JOIKHBI CHHXPOHHO ITOMOTaTh IPyTUM [TOTOKAM BCTAaBIISATH Y3JIbl B JIOT KOMaH]
- Otinaue ot ouepenu Maiikina-Ckorra



- Peanuzanms: aHoHCHI BcTaBOK, round-robin 1o mocieaoBaTeIsHBIM HOMEpPaM Y3JI0B B UCTOPHUU
- JIuneapu3zauus: TOUKa JMHEAPU3ALMU OIIEPAL[MH MOXXET HAXOIUTHCS B IPyroM IOTOKe!

- 3amevanus 1o 3GPEKTUBHON peanu3anun
- YrpasieHue namMsaTbio

- [Mapannenu ¢ pacnpeenieHHBIMU CUCTEMaMHU - state machine replication

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueOHast aymuTopus, OCHAIICHHAs! KOMIIBIOTEPaMH AJIsl KAXK0TO CTYICHTA.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Teopust v MpaKTHKa MapalieNbHBIX 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 / Ynanenusiit 1ocTym)
2. INapamnensublie Beruncienus Ha GPU. Apxurekrypa u nporpammuas mogens CUDA, Dnekrponnas
Bepcus neuarHoi mybnumkaruu / A. B. Bopeckos, A. A. Xapnamos, H. JI. Mapkosckuid, /1. H.
MukymnH. — Mocksa, MI'Y umenu M. B. JlomonocoBa, 2015

JomnonHurenbsHas auTeparypa

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

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIOJIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

y4yeOHast ayIuTOpusl, 3KpaH U IPOEKTOP.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Ha 3ansaTnsx ocoboe BHUMaHUE OOpalaeTcs Ha COBPEMEHHEIE CITOCOOBI pa3pabOTKH MPOTrPaMMHBIX
npoaykToB. Heo6xonumMo TpeGoBaTh OT CTYJACHTOB Ka4eCTBEHHOTO WM MOHITHOTO MPOTPaMMHOTO Koja
Ha pSIIy W B PaBHOW CTENEHU C MPaBWIBHOW PaboToil mporpammbl. Ha 3aHATHSX CTOUT MOCTOSHHO
pasouparb OMIMOKH, KOTOpBIC NOMYyCKAIM CTYICHTHI B CBOHMX IpOrpaMMax, a TakKe JIOTHYecKhe
OIINOKH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: [IpoektupoBanue u pa3paboTKa KOMIUIEKCHBIX OM3HEC-TPUIIOKEHHIMA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa anropuTMOB U TEXHOJIOTUH MPOTrPaMMHUPOBAHUS

Kypc: 2

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

PaszpatGoTunk: A.W. I'punryTuH, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HaniMeHOBaHME KOMIIETEHITUH WMuaukaTopbl TOCTYKEHMSI KOMITETEHITUN
OIIK-2.1 CrocobeH  TMPUMEHSITH  COBPEMEHHBIC
OIIK-2 Cnoco6eH HCII0Ib30BaTh COBPEMEHHBIC |BBIUMCIUTENLHYIO TEXHMKY M CEPBUCHI ceTH MHTepHer B
UH()OPMAIIMOHHBIC TEXHOJIOTUH obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a7a4 OIIK-2.2 3HaeTr W yMeeT MNPUMEHATb YUCICHHBIC
po(heCCHOHATIEHON JIEATENBHOCTH, COOMIONAs | MaTeMarMYeCcKue METOAbl M MPHUKIAIHOE NPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON OE€30MAaCHOCTU  |obecneueHne  JUls  pelIeHMs  HaydHbIX  3a7ad B
npodeccuoHaIbHON 00nacTu

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzydeHust AMCIUIUIMHBI « Teopust M pakTHKa MHOTOTIOTOYHON CHHXPOHH3AINNY 00yYarOIIHACs
JOJKEH:

3HATh:
- OCHOBHBIE MOJIEIM TMAaMSTH, HCIONB3yeMble B S3bIKaX IMPOTPAMMHPOBAHUS M  PA3THYHBIX
apXUTEKTypax MpOILEeCCOPOB, YMETh OMUCHIBATH PA3IMUUsI ITUX MOJEIICH aMsITH.

yMeThb:
- OmMcaTh OCHOBHBIC CIICHAPUM MHOTOIIOTOYHOH CHHXPOHM3ALMH W TPUMUTHBBI CHHXPOHH3ALUH,
MO3BOJIAIOIINE ITU CLICHAPUH BOCIPOU3BECTH;
- ONHKCHIBATh W PEATU30BHIBATh TaKWE OOBEKTHI ACHHXPOHHOTO IpOTrpaMMHUpoBaHus, Kak fibers,
stackless coroutines, futures u promises.

BJAA€Th:

- HaBBIKAMU Pa3pa0OTKU W OTJIAJKH MHOTOIOTOYHBIX MPUIOKEHHUH, B TOM YHCIE C UCTOIB30BaHUEM
TaKuX CpencTB oTiaaku, kak AddressSanitizert u ThreadSanitizer.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

[Tpumeps! MpaKTUYECKHUX 3aJaHUH B TEYCHUE CEMECTpa:
. Halinure B JaHHOM KOJIe aCHHXPOHHOTO KITMEHT-CEPBEPHOTO TIPUIIOKEHUS OIIUOKY.
. OOBsCHHUTE CyTh OIIMOKY B KOJIE aCHHXPOHHOTO KIIHEHT-CEPBEPHOTO MPHIIOKEHHS.
. UcripaBbTe OMIMOKY B KOZIE aCHHXPOHHOTO KIIHEHT-CEPBEPHOTO MPHIIOKEHHS.
. Peanuzyiite knacc stackless coroutine.
. Peanm3oBark MBIOTEKC.

1
2
3
4
5
6. PeasinzoBarh CHHXpOHHBIE COKETHI 1715 PaiibepoB Ha GppeiiMBOPKOM asio.
7. C noMoIIpI0 CHHXPOHHBIX COKETOB 1 (haiibepoB Haza (HpeiMBOPKOM asio HAIKCATh 3X0-CEPBEP.
8. Peanu3zoBare ¢ppeiimBopk executors + futures/promises.

9. Kaxoit MbroTeKC Ha3bIBaeTCA PEKYPCUBHBIM.

1

0. I[IpumuTB cunxponnsauuu read/write-lock.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. Hamummure Ha TICEBIOKOJE NPUMHUTUB CHHXpoHM3amuu read/write-lock ¢ mpuopureTrom uist
YHUTATEICH.
2. CozpaliTe Ha TIICEBIOKOAEC NPHMHTHUB CHUHXpoHHM3aruu read/write-lock ¢ mnpuopureTom s
nucaTelei.




3. MpBIOTEKC Ha3BIBAETCS PEKYpPCUBHEIM (reentrant, recursive), €CIM MOTOK, BIAACIOIIHIA MBIOTEKCOM,
MOYKET 3aXBaTUTh €ro (BbI3BaTh MeTOA lock), moBropHO. /{151 0CBOOOXKIEHHSI PEKYPCUBHOTO MBIOTEKCA
TOTOK JOJKEH BhI3BaTh unlock crombko pa3s, ckonbko Obut BeI3Ban lock. Hampumep, TAS crimHiok He
SIBIIAETCA PEKYPCHUBHBIM: IIOTBITKA TMOBTOPHOTO 3aXBaTa CIHMHJIOKA TEM JK€ IOTOKOM MpPHUBENET K
BEYHOMY WKy ¢ exchange BHyTpu. CTaHIapTHBIM CHUCTEMHBIH MBIOTEKC TaKKe HE SBISETCS
PEKypCHBHBIM. Peanun3yiiTe peKypCUBHBIA MBIOTEKC C TIOMOIIBI0 OOBIYHOTO HEPEKYPCHUBHOTO MBIOTEKCA
Y YCIIOBHOM ITEPEMEHHOM.

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

5. Hamummre xmacc CountDownLatch, koropsiii momaepxusaer onepanuio Down() - yMEHBLIMTH
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. Hanmmute kinace TicketMutex, KOTOpBIi BBIIACT MOTOKAM OJIOKMPOBKY B MOPSAKE BBI30OBOB METONA
Lock.

9. Hammmmre kmacc TicketMutex, KOTOpBIN BBIIaE€T OXKHJAHHE HA MBIOTEKCE M JOJDKHO OBITh
OJOKHUPYIOLIIM.

Kputepun onennBanus

- omerka «ommmuHo  (10)»  BeICTaBhsieTCS  CTYAEHTY,  IIOKa3aBLUIEMYy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAaHHE
NPUHATHIX PELICHUI

- omeHka «orauuHo  (9)»  BBICTaBIsIeTCS  CTYJCHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CUCTeMaTH3UPOBaHHbBIC, NYOOKHE 3HAHUS YIEOHOU MPOTrpaMMBbl JUCITUTUIMHEI B YMEHHE TIPUMEHSTh UX
Ha TIPaKTHKE NP PEIICHWH KOHKPETHBIX 3ajad, CBOOOTHOE W MpaBWILHOE O0OOCHOBAaHUE MPHHSATHIX
peleHui

- OleHKa  «oTau4yHO  (8)»  BBICTaBIsETCA  CTYAEHTY,  IIOKa3aBIIEMYy  BCECTOPOHHHE
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha [IPAaKTUKE PU PEIICHUH KOHKPETHBIX 3aJ1a4, ¥ MPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUI

- OLICHKa «XOopouio (7)» BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpUall, TpaMOTHO U IO
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCEHATD MOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKACT B OTBCTC
HJIN B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTHU,

- OIIEHKa «XOpoIlIo (6)» BBICTABISAETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT HPUMEHSTHh MOJy4YeHHbIE 3HAHUS Ha MPAaKTHKE, HO JIOMYCKAaeT B OTBETE WJIHU B
peLIeHNH 3a/1a4 HEKOTOpble HETOYHOCTH;

- OLICHKa «XOpouIo (5)» BBICTABJIACTCA CTYACHTY, CCJIXM OH 3HACT MATCpHaJl, U IO CYLICCTBY H3JIaracTt
€ro, yMeCT NpPHUMCHATL IIOJYYCHHBIC 3HAHUA Ha MPAKTHUKE, HO AOIIYCKACT B OTBCTC WJIM B PCIICHUU
3a1a4 HCKOTOPBIC HCTOYHOCTH,

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHHH ITPOrPaMMHOIO MaTepHaia, HO MPU 3TOM
OH BIIaJICeT OCHOBHBIMH pa3ieiaMu Y4eOHOH mporpamMMbl, HEOOXOAMMBIMH JUIS JaJIbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHATH MOIy4YeHHBIC 3HAHU 110 00pa3sily B CTAHAAPTHOM CUTYalUH;

- OIIEHKa «YJIOBJIETBOPUTENbHO (3)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3lielaMd Y4eOHOW NpOrpaMMbl, HEOOXOTUMBIMHU JUIS
JanbHENIIero oOyueHHs M MOXKET NPUMEHSATHh IOJyYeHHbIE 3HAHUS MO 00pasily B CTaHAApTHOMH
CUTYalluu;

- OLICHKAa «HEYIOBJIECTBOPUTENILHO (2)» BBICTABIISIETCS CTYACHTY, KOTOPBI HE 3HaeT OOJbIIeld 4acTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(hopMyIIMPOBKaX OCHOBHBIX MOHATHI JUCUUIUIMHBI K HE YMEET UCIIOJIb30BaTh NOJIYYCHHBIC 3HAHUS IPU
pEILLIEHUH TUIIOBBIX IPAaKTUYECKUX 3a1a4

- OIICHKA «HEYIOBJIETBOPUTENHHO (1)» BBICTABISETCS CTYIACHTY, KOTOPBHIH HE 3HAaeT (hopMyTHpOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH



Bo Bpemss mpoBeneHus auddepeHIMpPOBAaHHOTO 3aveTa OOydaroluecss MOTYT —IO0JIb30BarThCs
IpOrpaMMOl TUCIUTUTUHEI.



