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O yeM NongeT peub?

[MTpoBepUM, OENCTBUTENIbHO TN TACKM ObICTPEE MOTOKOB
ACUHXPOHHOCTb VS MHOIOMOTOYHOCTb

ThreadPool

ThreadPool starvation

CMblicn B acMHXpoHHOCTUM B ASP.NET Core

+ bOHYyC




[ 1OTOK

e HawmMeHbluaga egMHMLUA UCcnoTHeHWd 3aga4d B OC (He
cymTaa danbepoBn)

e PacnpepeneHue paboTbl NOTOKOB perynunpyetca OC
(M1aHUPOBLLMKOM MOTOKOB)

e KaxkObl MOTOK MCMOJTHAETCH Ha NpoL,eccope
onpeneneHHblM KBAHT BPE€MEeHU



https://github.com/sidristij/dotnetbook/blob/master/book/ru/Execution/01-Threads/01-01-Threads-Introduction.md
https://en.wikipedia.org/wiki/Fiber_(computer_science)

[ 1OTOK

e PeasibHOE KOJ1-BO OAHOBPEMEHHO BbIMOJIHAEMbIX MOTOKOB

OrpaHMYeHO KOJI-BOM aep rnpoLeccopa(os)
e Ka)kabl MOTOK MMeEET CTEK M MHOIO Yero elle (motpeodbnaetr

pecypchbl NMK)
e Co30aHKme rnotoka TpebyeT nepexona B kernel space — 310

0OPOro



https://github.com/sidristij/dotnetbook/blob/master/book/ru/Execution/01-Threads/01-01-Threads-Introduction.md

YTO NpumHaOIexXuT MoToky?

e TekyLWMM pexxmm OocTtyrna (Mofb30BaTENMbCKUN PEXUM UMK PEXNM A0pa)

e KOHTEKCT BbINOJIHEHUS, BK/TIOUAOLLMI 3HAYEHUSA PEMNCTPOB
npoueccopa M COCTOAHME BbIMONTHEH NS

e OAauH UNKM gBa CTEKa, NCMNOoJb3yeMble a9 BblOeTeHUNA NaMaTU
NOKAJTbHbIX MEePEMEHHDbIX U YNPaBNeHMSA BblI30OBaMM

e [a30BbI MPUOPUTET U TEKYLLUNIN (OMHAMUNYECKUIA) NPUOPUTET

e [IpMBA3Ka K MPOLLECCOPY, YKa3blBatOLLAA, Ha KaKMX MpoLeccopax
pa3peLLeHO BbIMOJSIHEHME MOTOKA

e MaccuB nokanbHOM NaMATU NOTOKOB (TLS, Thread Local Storage)

e U Opyroe




MHOIMOMNOTOYUHOCTb

¢ MHOronoTo4YHOCTb — POPMa KOHKYPEHTHOCTM,
MCMOJb3YOLLLAA HECKObKO MPOrPaMMHbIX MOTOKOB
BbIMO/THEHUA.

e KOHKYPEHTHOCTb — BbI[MO/THEHME CPa3y HECKONMbKNX
O0EVNCTBN B OOHO U TO YXe BpeM4.




ACUHXPOHHOCTb

e ACHHXPOHHOE NporpaMMUpPOBaHME — PA3HOBUOHOCTb
KOHKYPEHTHOCTU, NCMOSb3YoLLAaa NMPOMUCHl MM 06paTHbIE
BbI30OBbI A1 NPefoTBPaLleHMNa CO30aHNSA TULLHMX MOTOKOB

[ KOHKypeHTHOCTb — BbITTOJIHEHNE CPA3Yy HECKOJIbKNX 0eVNCTBUNU
B OOAHO N TO »XX&€ BPEMH




ACUHXPOHHOCTb

o CMHXpOHHbIl;I Bbl3OB. KOI'a Mbl Bbl3bIBAeM METOL, TO Mbl INMOJTYHNM
yrpaBJiIieEHNA TOJIbKO MNMOC/1€ 3aBepLUEHUNA BCeW ornepaunmn

® ACUHXPOHHbIN: HAYMHAET onepaL|Mto, Cpa3ly BO3BPALLAET yrpaBleHus, u
KaKMM-TO O6Pa30M MOTOM COOBOLLMT HaM O 3aBeEPLLUEHUN onepaLmm

e ACUHXPOHHOCTb He TpebyeT co3aaHNA HOBOIo MOTOKaA




3a4eM HYy>KHa aCUHXPOHHOCTbL?

3 MPUYNHDI:

1. BonblwmnHcTBO Ul dpemMBOpPKOB paboTatoT Ha OQHOM MOTOKE, a
OMOKMPOBKA 3TOMO MOTOKA paBHO3Ha4YHa 6/10KMpoBKe Bcero Ul

KaxkObl NOTOK (Oa)ke oxxugatowmi) notpedbnaet pecypcbl OC

MNpepoTBpallaeT ThreadPool starvation (06 aToM no3)ke)




MHOIMOMOTOYHOCTb VS ACUHXPOHHOCTb

e MHOronoTo4YyHOCTb ncnonb3lyetca ona CPU-bound onepauynm
o Ta)kesnble BblYNCIEHUS
o PeHoepwWHr

® ACUMHXPOHHOCTb MCrnonb3yeTca B ocHoBHOM anga |[O-bound
onepaunm

o PaboTa c ceTblo, BT. 4. c B[],
o Pabota c annoBoOM CUCTEMOU

o Therels No Thread (Stephen Cleary) 4



https://blog.stephencleary.com/2013/11/there-is-no-thread.html

Kak paboTaeT YecTHasd aCUHXPOHHOCTb?

e YecCTHble dCUNHXPOHHbIE BblI3OBDI pa6OTaI-OT 6e3 co3gaHung
HOBbIX NOTOKOB

e B 3>TOM cnydae paboTa genermpyerca Opyrmm yCTPOMCTBaM:
o CeTeBble 3aMpPOoChl AeNernpyroTca ceTeBon KapTe

o 3anpochbl K anIoBoOM CUCTEME OE/TIErMPYOTCA XXECTKOMY
OUCKY




Knacc Thread

e Knacc Thread OTHOCUTCH K HU3KOYPOBHEBbLIM abCTpaKLUMAM, C
ero NoMoLLLbIO CO30at0TCA NMOTOKM “No CTapUHKe”

e OObIYHO NOTOKMK, co3aaHHble Yepe3 Thread MeHee 3PPEKTUBHDI,
4eM MOTOKWM, CO30aHHbIE Yepe3 BbICOKOYPOBHEBbIE abCTPaKLU N

TnMa Task
e B coBpemMeHHOWN pa3paboTke Ha CH NoYTU HE MCMOSb3yeTCH




Knacc Task

e [lpencraBngaeT AOCTYM K CO30aHUIO BbICOKOYPOBHEBDIX
3P PEKTUBHbLIX MOTOKOB

e [IMeeT NpOCTON CUHTAKCUC, a TaKXKe MO3BOJIAET TIENKO AO0XXOATbCA
OKOHYaHWA BbIMOJSIHEHMA (K/TKOYEBOE CNOBO await)

e 3a Cco34aHMe HOBbIX MOTOKOB B 3TOM C/lydae OTBeYaeT MNy/l
MNoTokoB (ThreadPool)




ThreadPool (nyn notokoBs)

e Korga koa cTaBUT paboTy B odepenb nysa noToKoB, TO CaM Myl
MOTOKOB B C/lydae HeOBXOAMMOCTM NO3aboTUTCH O CO30aHUNU
MOTOKa

e Mbl 6osiee He TpaTUM BpeMa Ha co3gaHme notoka OC: Mbl
paboTaeM Ha y)Ke Cco30aHHbIX

e [laé€T BO3MOXHOCTb paboTaTb Ha Bce 100% oT Bcex
MNPOLECCOPHbIX 90ep, MTMB0 HA0OOPOT OrPAHUNYMTL MPOMNYCKHYIO
CMOCOBOHOCTb

e MOXXET BbIMONMHATb HECKOJIbKO AeNeraTtoB 3a KBaHT BpPeMeHU
(6e3 nepektYeHme KOHTEKCTA)



https://github.com/sidristij/dotnetbook/blob/master/book/ru/Execution/01-Threads/01-03-Threads-Thread-ThreadPool.md

Not all CPU operations are created equal

Operation Costin CPU Cycles 10° 10° 102 103 104 10% 106

“Simple” register-register op (ADD,OR,etc.)
Memory write
Bypass delay: switch between
integer and floating-point units
“Right” branch of “if”
Floating-point/vector addition
Multiplication (integer/float/vector)
Return error and check
L1 read
TLB miss

L2 read 10-12]
“Wrong” branch of “if” (branch misprediction) =
1040 |

Floating-point division

-l
Bl B

1
128-bit vector division
Atomics/CAS [ 15-30 |
C function direct call  15-30 |
Integer division [ 15-40 |
C function indirect call 2050 |
C++ virtual function call | 30-60 |

L3 read
Main RAM read [ 100-150|
NUMA: different-socket atomics/CAS
(guesstimate)
NUMA: different-socket L3 read
Allocation+deallocation pair (small objects)
NUMA: different-socket main RAM read
Kernel call
Thread context switch (direct costs) [ 2000 |
C++ Exception thrown+caught

Thread context switch (total costs,
including cache invalidation)

10000 - 1 million

Distance which light travels o

while the operation is performed )



http://ithare.com/infographics-operation-costs-in-cpu-clock-cycles/

CpaBHWM KOJ/-BO MepeKItoYeHnM

MoXkeM M Mbl MOCYHNTATb KOJ-BO nepeKﬂmquMM KOHTEKCTa?

e J[la! Takme MeTpUKM NpenocTtaBndeT Sysinternals Process
Explorer n Process Hacker

e HoO yecTHOe 0oblLEee KOS-BO NEPEKITIOYEHUNN MOKA3bIBAET
TOJIbKO Process Hacker v3



https://processhacker.sourceforge.io/nightly.php

BblinoHeHWME Ha HAaTUBHbIX Tpenax




Bbino/THEHWE Ha HAaTUBHbIX Tpenax

BB Process Hacker [DESKTOP-0G2079T\rodio] (Administrator) O X
Hacker View Tools Users Help
% Refresh 73 Options | #8 Find handles or DLLs 4% System information | (] [ X | % threadvs X
Processes Services Network Disk  Firewall
69.52 MB 23,751 19,362,417,732 19 26
Name /O tot... Private b... Description  Context switches Cycles Total CPU time Threads Peak threads
[#5] ThreadVsTask.exe 4479 MB ThreadVsTa... 23,531 18,174,015,018  0:00:00:10:203 8 11
5-| JetBrains.DPA.Runner.exe 2473 MB  JetBrains / ... 220 1,188,402,714  0:00:00:00:703 1 1
< >

CPU usage: 8.67%  Physical memory: 9.56 GB (62.22%) Free memory: 5.81 GB (37.78%) Selected WS: N/A

23K nepektovYeHnm
~2000 Mmc

(BpemMa BbiMoHeHUd




BbinosiHeHMe Ha Tackax (ThreadPool)

for (int 1 = 0; i < 10_000; i+)

Task.Run( =

for (var dummy = 0; dummy < 1_000_000; dummy++);




BbinmoTHeHMe Ha Tackax (ThreadPool

B8 Process Hacker [DESKTOP-0G2079T\rodio] (Administrator) = O X
Hacker View Tools Users Help
“% Refresh {3 Options | #8 Find handles or DLLs 3#% System information ‘ OE X ‘ L] threadvs X
Processes Services Network Disk  Firewall
36.36 MB 3414 21,508,910,604 : 37 37
Name /O tot... Private b... Description Context switches Cycles Total CPU time Threads Peak threads
IE] ThreadVsTask.exe 11.65 MB  ThreadVsTa... 3,212 20,322,479,754  0:00:00:11:328 26 26
[#:] JetBrains.DPA.Runner.exe 2471 MB  JetBrains / ... 202 1,186,430,850  0:00:00:00:656 1 1
3k nepektoUueHnm
(Bpema BbinonHeHma ~800 Mc)
< >
CPU usage: 4.50%  Physical memory: 9.5 GB (61.82%) Free memory: 5.87 GB (38.18%) Selected WS: N/A




OTNNYHO, BbiOMpPaemM Tacku!

Hey»(enm BCE TaK PayXHO N HET HNKaKMNX I'IpO6ﬂeM?

EcTb! TouHee HauyHyTCA NPU BbI30BE BJTOKMNPYHOLLMX BbI3OBOB:
e Thread.Sleep(...)

e File.ReadAllBytes(...)

e dbContext.Users.Where(it = it.IsVip).TolList()
® |1 MHOXXECTBO Opyrmx
[MocnenctBua: ThreadPool starvation




ThreadPool starvation
(MCcTOLLLEHWME MYy1a NMOTOKOB)

e [IpoumcxoauT, Korga nyny NnoTOKOB He XBaTaeT MOTOKOB AJ14
006pPabOTKM MOCTaBNEHHbIX B odepenb 3a4a4 (Tacok)

e BoO3HMKaeT Npum MCNonb30BaHMM BITOKUNPYIOLLMX BbI3OBOB B
notokax ThreadPool'a

e [Ipu aToM, ThreadPool oTBeyaeT yBenmMyeHMeEM Ymncra
MOTOKOB (2 MOTOKa B CEKYHAY)

e [lnarHoctumka threadpool starvation Npwm NMOMOLLN VTUKTHI
counters

A


https://docs.microsoft.com/en-us/dotnet/core/diagnostics/debug-threadpool-starvation
https://docs.microsoft.com/en-us/dotnet/core/diagnostics/debug-threadpool-starvation

ThreadPool starvation

e He mncnonb3oBaTb BIOKMPYOLLME MeTOoObI
e B KpanHeM crnydyae neymtcsa yBeimdeHnem
ThreadPool.SetMinThreads




Sync over Async

task.Wait(), task.Result, task.GetAwaiter().GetResult()

[1pW BbI3OBE aCMHXPOHHOIO MeTOOA KaK CUHXPOHHOIO B JyYlleM
Cry4dae Bbl MNLLNTECH MPEMMYLLECTB aCUHXPOHHOCTH, T. K.
BbI3blBaOLLIMI MOTOK 3abOKMNPYETCA Ha BPEMS BbI30OBa
ACNHXPOHHOIO MeToaa

Takoxe npoBoumupyeT ThreadPool starvation

B cpene BbINOTHEHUSA C KOHTEKCTOM CUHXPOHM3aLMKM (WinFormes,
WPF, Unity, xUnit) Balla nporpaMma MOXXeT BOMTU B Oe0/10K

3ab10oKMpyeTcs HaBcerga (MonpocTy-roBops, 3aBUCHET)
A



https://github.com/davidfowl/AspNetCoreDiagnosticScenarios/blob/master/AsyncGuidance.md#avoid-using-taskresult-and-taskwait
#
#
https://www.youtube.com/watch?v=i_qjzgQy37c

_

DEMO <
ThreadPool starvation
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AcCHXpoHHOCTb B ASP.NET Core

e bGriokmpyroLime Bbi30Bbl OJTOKMPYIOT M MOTOKMU

e A KaObl NOTOK notpebngaeT pecypcbl OC

e ACUHXPOHHbIE XXe Bbl30Bbl OTAYCKAKOT MOTOKWM, TEM CaMblM
noTpebiga MeHblUe pecypcoB U NpenoTBpaLlatoT ThreadPool
starvation

e B mtore cepBep, Ha KOTOPOM MCMOSb3YOTCA aCUHXPOHHbIe
MEeTOObl CMOYXXeM 06paboTaTb 6OMbLUE 3aMNPOCOB, YeM CEPBEP C
OOKUNPYHOLWLMMN METOOAMU




ExecutionContext

Culturelnfo.CurrentCulture
AsynclLocal<T>

Task.Run n Task.StartNew() Bcerga 3axBaTbiBaeT ExecutionContext

new Thread().Start() - 3axBaTbiBaeT ExecutionContext

new Thread().UnsafeStart() - He 3axBaTbiBaeT ExecutionContext
ThreadPool.QueueUserWorkltem - 3axBaTbiBaeT ExecutionContext
ThreadPool.UnsafeQueueUserWorkltem - He 3axBaTbiBaeT ExecutionContext




ConfigureAwait



https://habr.com/ru/post/482354/

await DownloadSomething()

Called from a
Task?

no yes

¥

Do | have a
SynchronizationContext?

no/ \yes

Use the Task's

TaskScheduler

Use TaskScheduler.Default Schedule the new task using

which uses the threadpool SynchronizationContext.Post




[Tone3Had nHpopMaLuma

https:/github.com/rodion-m/learn_multithreading

‘= README.md

MaTepmanbl Anda nsydyeHmna MHOrornotoyHoOCTn n
dACMHXPOHHOCTUA

Kypcnbl

CemuHapbl CLRium "Concurrency u Parallelism" (Crac Cuapuctsiii n Ko.)
Kypc "MapannencHoe nporpammuposaHue” 2022 (CS Center, EBreHnii KanmweHko)

Kypc "Teopus n npaktuka mHoronoto4yHowu cuHxporusaumm (TFMIMC, Concurrency)” [Jlekuun] 2022 (OMI1A,
Poman JlunoBsckunid)

Kypc “Teopus n npaktuka mHoronoto4Hon cuHxpoHusaumm (TIMMC, Concurrency)” [CemuHapsl] 2022 (PMT1U,
PomaH JlunoBckunii)

Kypc "MapannenbHble n pacnpesenérHble Bbluncaenusa” 2021 (PriMU, Meuenko O. H.)

[JS] C6bopHUMK Nnekumnii n Aoknasos Ha Temy “"AcMHXPOHHOe nporpammuposaHue” (Tumyp LlemceanHoB)

doknaabi

® Jlekumsa "MHoronoTto4Hoe nporpammuposaHue B .NET u. 1" (Amutpuin VisaHoB)

® Jlekumsa "MHoronoto4Hoe nporpammupoBanue B .NET u. 2" (Amutpuin VisaHoB) 32



https://github.com/rodion-m/learn_multithreading

[Tone3Haa nHpopmaLuma

CeMuHapbl CLRium “Concurrency n Parallelism” (Ctac CugpucTbiif)

Jlekung *“MHoronotoyHoe nporpamMmmmpoBaHme B .NET Y. 1", 4. 2 (AMuUtpmm MBaHoOB)

Online-kHKra DotNetBook (Threads) (Ctac CugpucTbin)

Kypc “MapannensbHoe nporpamMmmmpoBaHme” 2022 (EBreHmnm KanuiieHko)

NoakacT MNoanoakM Npo MHOrOMNOTOYHOCTL (C POMaHOM Enm3apoBbiM)

Sasha Goldshtein — The C++ and CLR Memory Models

[y6nmnyHoe cobecenoBaHMe Mo MHOronoTodHocTu (Kotlin)
‘ |
3



https://www.youtube.com/playlist?list=PLBwwJL9lzKMY9Fpk1DAscywid1Xshp9NL
https://youtu.be/GBCGL4GDgN4
https://youtu.be/GBCGL4GDgN4
https://github.com/sidristij/dotnetbook/tree/master/book/ru/Execution/01-Threads
https://www.youtube.com/playlist?list=PLlb7e2G7aSpTBs1GPt-4UygYxK3bVSyZe
https://podlodka.io/102
https://www.youtube.com/watch?v=6wZVpg2SyJQ
https://www.youtube.com/watch?v=2hLHgcsOV3

Cnacumbo!

https://github.com/rodion-m/HealthyMultithreading 20220714

KaHan: https://t.me/selfmadeprog

Mom TG: https:/t.me/rodion_m_tg

Cnacmbo Mapky LlleBueHKO 1 EBreHumto NelkoBy 3a MOMOLLb B MOArOTOBKE

A 4



https://github.com/rodion-m/HealthyMultithreading_20220714
https://t.me/selfmadeprog
https://t.me/rodion_m_tg

