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Mporpamma

NporpaMmMa

0. BBegeHue

1. TeHOeHUUN Pa3BUTUS BbIYNCAUTENBHBIX CUCTEM, 0byCnaBamnBaoLwme HeobxoaMMoCTb
npUMeHeHs pacnpenenéHHblx (mapannesibHbiX) MeTOL0B BblYUCAEHWA. MpuMepsl
BbIMMC/INTENIbHO EMKMX 3aay U3 pa3HbiX 06nacTen Hayku.

Knaccngukauus napannenbHelx cuctem (SIMD, MISD..., SMP, MPP)

PacwmpeHns npoueccopos SSE/AVX...

MoHATMA yCKopeHUs, 3PPEeKTUBHOCTU (3aKoH AMaana)

MnaH Kypca

CtapT noTokKa (Java): peanmsaumnsa Runnable vs HacnegosaHue oT Thread
HanomunHaHme o npoueccax 1 NoTokax: AepeBo NpoLLeccoB, LEMOHbI

NoukswN

1. MHoronoTo4yHocTb unu IPC

1. Buasl IPC
2. lMpenmMyuwecTsa MHOrOMNOTOYHOCTMW:
o [pocToTa
o CkopocTb (TLB)
3. MNpeumywectsa IPC:
o be3onacHoCTb
o Hapgé»XXHoCTb
4. CnoXHocTun peanunsaunm shmem

2. 3aBepLueHue NOTOKOB

1. KoppekTHoe 3aBepLieHmne NoTOKOB:
o cancellation points
o interrupted exception
o npumepsbl Koga B glibc
2. CpaBHeHue pa3nn4yHbix notokos (POSIX, C++, Java)
3. Mpobpoc UCKNYEHNIN MEXAY MOTOKaMU
4. HanoMmunHaHme o user space / kernel space n cooTBeTCTBYIOLLEN CTOMMOCTK syscall

3. MPpUMUTUBBLI CUHXPOHMU3ALLUM

1. Heobxo0AMMOCTb CUHXPOHM3ALMMN: NPOCTbIE FOHKW AaHHbIX
2. Peanusauus NpYMUTUBOB CUHXPOHM3aLMKW: anroputm BynoyHmka
3. Buabl MblOTEKCOB:

© PeKypCUBHbIE/HEPEKYPCUBHbIE

o read/write

o spin

o futex
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4.
5.
6.

7.

KoppeKTHble 3axBaT/0CBOBOXXAEHME NPUMUTUBOB
CAS-onepauunm n aToOMUKN
YCNoBHble NepeMeHHbIe:
o ucnosnb3oBaHue wait/notify
o Spurious wakeups
Thread Local Storage (TLS)

4. AAropuTMbl CUHXPOHU3aLUU

ke whe

Mpybas

ToHKas

OnNTUMNCTNYHAA

JleHnBas

Hebnokunpytowas (napasanens ¢ ORM)

5. ATOMapHble CHUMKU PEerucTpos

1.

2.
3.

Knaccuukaums anropuTMoB:
o lock-free
o wait-free

Lock-free snapshot

Wait-free snapshot

6. OKMOKM || nporpaMmMupoBaHus

1.

2.

OCHOBHbI€ OLLIMOKN MHOFOMOTOYHOr0 NPOrPaMMNPOBaHNS

o [OHKW aaHHbIX (Data Race)

o B3ammMHasa 6nokuposka (Deadlock)
Cneundunyeckune ownmbkm

o Peakumsa noToka Ha CUrHasn

o bnokuposku npu fork MHOrONOTOYHbLIX NPOrpamMM

o NMpobnema ABA

o iHBEpPCUS NPUOPUTETOB

7. Mopenb naMATH

oUvhswWwNE

Mpumep ownbkm B sape OC

YCTPONCTBO K3LWen npoLeccopa

Mpumep Ha npoTokosie MESI

bapbepbl namsATK (store/load)

Mogzenu namaTu: Sequential consistency...
Acquire/release ceMaHTUKa
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8. MpocpunupoBaHne MHOronoOTOYHbIX MPUIIOXKEHUN

1.

2.

CpencTBa aHanM3a Npon3BOAMTENIbBHOCTM
o YTnnuTta time
o Intel Parallel Studio

o Valgrind (mogynu callgrind, cachegrind)

I'Ipleep NMONCKa Y3KUX MeCT

3. MpodmnnposaHme npomaLlek no Kawy n metpuka CPI

9. Flat-Combining

N

10.

N

11.

w

12.

N

13.

. Cxema Flat-Combining
. BO3MOXXHbIE ONTMMMU3aLMN 33 CHET NHTEPdEPEHLMM onepaLmnin
. CpaBHeHue npounsBoanTensHocTu ¢ lock-free oyepenbto Michael & Scott

RCU

. CyTb RCU 1 CMHXPOHM3aLNA Ha 3noXax
. Kernel-space RCU
. User-space RCU

TpaH3aKUuMOHHAA NaMATb

. Npes transactional memory

o Software transactional memory
o Hardware transactional memory

. Mpenmyuwectsa n Kpyr 3aga-

Peannsauns HTM Ha nnHenkKax Kawa
Lock teleportation

CeTtu lNeTpm

. CyTb Monenu ceten MeTpu
. Mpumep ¢ obepatowmmm punocodamu
. Bepudukaumsa || nporpamm

KoHceHcyc

. KoHceHcyc:
o KOHCeHCycHoe 4ucno RMW-pernctpos

o YHuBepcanbHocTb CAS-onepaummn
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1. Bnokupytowmin/HebnoknpyoLwmnn

2. C/HXPOHHbIN (peakTop)/aCUHXPOHHBIN (MPoaKTop)

3. MNpenmywecTBa aCUHXPOHHOW paboTbl 1 peann3aumsa Co CTOPOHbI ONePaLIMOHHON CUCTEMBI
4. bnbnnoTekn aCMHXPOHHOr0 BBOAa/BbIBOAA

15. JinHeapusyeMoCTb

1. MoHaTne nuHeapusyemocTu

2. Lock-free cTek Trieber

3. MNpumep Ha ovyepepsx

4. Lock-free o4epenb Michael & Scott
5. To4ku nuHeapusaumn

6. Relaxed SkipList

16. OnTUMMU3auMm B KOMNUAATOPAX

1. CtaTuyeckune onTumMmnsaLum
2. OnTMMmn3aunm LMKNOB:
o Pa3BépTbiBaHMeE
o oBTOpPEHME
o BblHeCeHne NHBapuaHTa
3. JIT-onTumm3saunn
o ObbenmHeHne 3axBaTa NPUMUTUBOB
o ONTUMMUCTUYHBIN 3axBaT
o AfanTuBHble B6IOKMPOBKM
o 3amMeHa BUPTYyaJibHOr 0 BbI30Ba

17. LLabnoHsbl || nporpaMmMmupoBaHus

1. CTpyKTypHble WwabnoHbl:
o JlekoMno3numsa no 3agayam
o [eomeTpmnyeckasa 4EKOMMNO3NLNSA
o Recursive Data
o Pipeline
2. HekoTopble NporpaMMHble CTPYKTYPbI:
o Parallel loops
o Boss/Worker
3. PasHoe:
o Double check
o Local Serializer
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18.

vk wh -

19.

ke whe

20.

21.

Ll

OpenMP

ApxuTekTypa paboTbl Yepes3 AUPEKTUBLI NpenpoLieccopa
MapannenbHble cekummn

ObnacTn BUANMOCTUN NEPEMEHHbIX

OrpaHun4yeHus

Murpauns Bbl4UCAEHNIA

Intel TBB

AnropuTtMmol

AnnokaTopsbl

HepeBbs 3agauy

OcobeHHocTM NnaHnposaHus (work stealing...)
flow graphs (napasinenb ¢ BPEL)

KnactepHblie Boluncnenuus (MPI)

. Bugbl KNaCTePHbIX CNCTEM:

o baslaHCMPOBKUN HarpysKu
o BbICOKON HafEXHOCTH
o Bbl4ucanTebHble

. IcTopnsa n Ha3HavyeHne cTaHgapTa MPI
. ObmeH coobieHnsMu:

o C 610KupoBKon

o be3 610KMpoBKYK

o OTNOXEHHbIe 3anpockl Ha B3aMMoLeNCTBME
B3avmopencTene npoLeccos:

o ['pynnbl U KOMMYHWKaTOPbI

o Onepauny KOJJIEKTUBHOIO B3aUMOAENCTBMSA NPOLECCOB

o PepnyKkums

o BupTyasibHble TOMONOr K

. Cpenctea aHan3a Npon3BOANTENIbHOCTH:

o Jumpshot
o Intel® Trace Analyzer n Intel® Trace Collector

Conporpammsbi / Coroutines

MpenmyLiecTsa No oTHoWweHKIo K callback-nporpamMmmupoBaHunto
MprMepbl co_await n cpaBHEHME C CUHXPOHHBIM KOLOM
Mpobnembl peanusaunm NPUMUTMBOB U TLS

ApXuTeKTypHas aHanormsa ¢ aCMHXpoHHbIMK framework
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22. AKTOpHasa Mopesb
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1. CyTtb mogenu:
o Nepepnaya coobieHnn
o JlerkoBecHble npoLecchl
o BEAM
2. MprMeHeHne B COBPEMEHHbIX A3blKax:
o Erlang
o Elixir

23. Java.util.concurrent u Fork-Join Framework

1. Mynbl NOTOKOB, KOPPEKTHOE 3aBepLUeHne nyna
2. KOHTpoJsb 3afay Yepes Future

3. CompletionStage n CompletableFuture

4. NMoTokobe3onacHble KOHTENHEPDI

24. CpepcTBa NonckKa owmbok

1. Google Thread Sanitizer

2. Intel Parallel Studio

3. Valgrind (mogynb helgrind)
4. MprMep MCNOJIb30BaHMUA

25. Lock-free usHyrtpm

1. Feldman Multi Array

2. CxeMbl ynpaBneHns NnamaTblo:
o Tagged pointers
o Hazard pointer

26. CucteMbl NOTOKOBOW 0OPadOTKM paHHbIX

1. Analytics vs Streaming
2. TapaHTuy 06paboTKMM faHHbIX:
o Exactly once
o At least once
o At most once
3. Windows
o Session
o Sliding
o Tumbling
o Hopping
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4. Linear scalability

Fault tolerance

Back pressure

Isolation

Qutoing
MillWheel/Checkpointing
10. Yandex Query

LN,
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