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O 4ém byaem roBopuTL?

* Kak MeHanncb noaxoabl K HanncaHuto koaa Ha .NET

*  [1pUUNHbBI HN3KOW MPON3BOANTENBHOCTH
*  [lpobaemMbl CO CTOPOHHUMM BNbanoTEKaMM
* [lpuémsbl yckopeHna koaa



t.me/epeshkblog

NET Framework era

*  3aKpbITbI UCXOAHBIN KOA (AOCTYNMHbI TONABKO reference source)

*  Het obpaTHOM CBA3M MeXAY NOJb30BaTENAMUN U pa3paboTunkamm

*  HexBaTka NpUMWUTMBOB ANS HAaNWCaHWUA NPOU3BOANTENBHOTO KOAa

*  HeonTumanbHbIN KOA CTaHAAPTHOU 6BMBANOTEKM: annoKaumm nu 610KUPOBKU

° Pap,m NPoOn3BoANTENBbHOCTHU Tpe6OBafIOCb nepennmcbiBaTb <<CTaH,D|apTHbII>’I>> KO/,
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NET Framework era: timers

await Task.Delay(time);

lock (timerQueue) {
timerQueue.Enqueue(timer);

}

FnobanbHaa 6n0kupoBKa — ybmmnua nponsBoANTE/IbLHOCTU
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L

TechEmpower
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yayduweHma NET

®duum a3bika: ref, stackalloc, value tuples

OntMmsaumm Ha ypoBHe IL. Peako, HO bbiBatoT
[Tpnmep: choxeHne CTpokK

ABTOMaTmM4yeckme ontummsauymm npu JIT-komnmnauymuy,
yCKOpeHune cbopLumka Mycopa, MMKPOONTUMM3aAL MU

HoBble API, py4Hble MnkpoonTumMmnlaumu,
bonbLUME ONTUMKU3ALLNN,
6onee 3dPeKTMBHbIE aNTOPUTMDbI
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NET Core & Modern NET era

OCHOBHas CNIOXKHOCTb — YAy4LLEHME MPON3BOAUTENBHOCTN C COXPAaHEHMEM
obpaTHON COBMECTUMOCTU 1 NPOCTOTbI Pa3paboTkm

NET Core 2.0 — ConcurrentQueue 6e3 annokayum

NET Core 2.1 — Span<T>, SocketsHttpHandler, IValueTaskSource, Utf8Formatter
NET Core 3.0 — System.Text.Json

NET 5 — Source generators, CollectionsMarshal, GC.AllocateUninitializedArray
NET 6 — Interpolated string handlers, Json source generator

NET 7 — Regex+Span

NET 8 — Frozen collections, inline arrays
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[ Inpammnia nepdopmMaHca

HoBble API, pyuyHble MUKpOONTUMM3aLLUW,
bosbLIMEe ONTUMM3ALIUY,
bonee 3pdeKTMBHbIE aNITOPUTMbI

CTOpOHHME BMbANOTEKM

* cs MNosnb3oBatenbckmii kog
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[1p0b1EMBI CTOPOHHMX BUBAMOTEK

* Pa3pabotka HauaTa BO BpemeHa .NET Framework

*  HenpowussoanTenbHble abCcTpakumnm

*  HeobxoamnmocTb Noaaep KM pa3HbIX PaHTaMMOB

* Pa3Hble noTpebHOCTN pa3paboTumka 1 NOAb30BaTENEN

*  HepoctaTok pa3paboTumkoB, BPEMEHU N AEHET Ha YNYULLEHUS
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B mntore...

* YacTto HyXHa fopaboTka bnbanoTekn NoA BbICOKYHO HarpysKy
*  VHorga npouwe nepenuncatb C HyAS
*  Ho Bcerga npnATHO ONTUMM3NPOBATb NOA 0bLWMIA Cydau

10
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CTOpOHHMe bubanotekn Ha DotNext

* MongoDB.Driver

ToueyHas nepepaboTka gpareepa MongoDB ana MHOTOKPaTHOrO YBEANYEHNS
NpPOV3BOANTE/ILHOCTH

» SMBLibrary

[enaewm zero-allocation koa Ha npumMepe onTMMM3aLmMn KpynHou 6ubanoTteku

« Amazon.S3, Minio

[Mpnembl skoHomum namatm B .NET

 MediatR

MediatR He Hy>keH

» RestSharp

Kanentcknn HTTP B .NET: Ot WebRequest ao SocketsHttpHandler

11
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SMBLibrary

* bunbanorteka gna nepegayn Gpannos no npotokoay SMB
* [lonesHa npwu nepexoge Ha Linux
* SMB-nakeT ynpouw,eHHo:

3aronoBKu

12
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SMBLibrary: HeagocTatkm

*  CUMHXpOHHbIM APl ansa ceTeBbIX onepaymu
*  OrpomMHble KOAMYECTBa annoKaumm

3aronoBKu

13



SMBLibrary
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void Send(byte[] content)
{

var lengthWithHeaders = HeadersLength + content.Length;
var packet = new byte[lengthWithHeaders]; // big alloc
SetHeaders(packet);

SetContent(packet, content); // content copy
socket.Send(packet);

14



SMBLibrary: pooling
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void Send(byte[] content)
{

var lengthWithHeaders = HeadersLength + content.Length;

var packet = pool.Rent(lengthWithHeaders); // reuse array
SetHeaders(packet);

SetContent(packet, content); // content copy
socket.Send(packet, @, lengthWithHeaders);

pool.Return(packet);

15
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He0CTaTKM MyInHIa

» OTtcnexwmBars lifetime o6beKTOB, B3ATbIX 13 Ny/ia —
cnoXHasa pabora

* [lyn — 1O Xe, UTO 1 annokKaTop, ynpaBaeHne NaMATbiO
CTAHOBMTCA PYYHbIM

* Peanuszaymsa nyna MoxeTt yoOuTb NPON3BOAUTENBLHOCTb —
MHoraa nydile noaoxuntoeca Ha GC

16



ArrayPool
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[oTOBble peanmsaunm ArrayPool:
* ArrayPool<T>.Shared

* ArrayPool<T>.Create(maxLength, maxArraysPerBucket)

Pool Mean
new [ ] 138 ms
Create 230 ms
Shared 33 ms

https://habr.com/ru/articles/723420/

Allocated
2146306.76 KB
2.88 KB

2.53 KB

17
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ConfigurableArrayPool<T>

. pool .Rent(minLength: 20) bl

| Suitable lengths: 32, 64 |, !

ST R v

Bucket[]: [_16, 32, 64, ..., maxArraylLength]
4 Bucket for length 16 N[ Bucket for length 32 A

1-'Stack<T[]> ‘arrays; || Stack<T[]> arrays;
SpinLock lock; SpinLock lock;

Capacity: maxAquysPeréucket
(default = 5|E£m‘:)/J

18
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ArrayPool<T>.Shared

| ThreadStatic] T[][]: Thread local cache

Single slot per length
________......------_________*_______________________......____________________

PerCorelockedStacks[]: [_16, 32, 64,

\

/ Bucket for length 27~(N+4) \

., 1024%1024%1024]

f .Rent(minLength: 13)

i Pooled array length: 16
| Bucket: @

+1Stack<T[]> Stack<T[]>

- ] =

this as lock

this as lock Look into TLS

41,
- 2. Look into shared pool,
: starting from stack
Processorld %

l o= =====

( [ ! ProcessorCount
StﬂCk(T[]) - — St&Ck(T[]) ' 3. If empty, round-robin
thiS as 10Ck R this as lock i through the other stacks

EK\E Environment.ProcessorCount locked stacks J//

_________________________________________

. o C gp— T 7 . . B ——— - T Jr 7 " a = -~
n actual 5tacr<T| |»: stored as T/ ||| + 1nt «

19



SMBLibrary: pooling
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void Send(byte[] content)

{

var lengthWithHeaders = HeadersLength + content.Length;
var packet = pool.Rent(lengthWithHeaders); // reuse array
SetHeaders(packet);

SetContent(packet, content); // content copy
socket.Send(packet, @, lengthWithHeaders);

pool.Return(packet);

3aro0BKM
Xsw-cymma

20



Scatter-gather 1O
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void Send(byte[] content)
{

var headers = new byte[HeadersLength]; // small alloc
SetHeaders(headers);

// no copy
socket.Send(new List<ArraySegment<byte>>{

headers,
content

})s

21
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Scatter-gather 10: Socket

socket.Send(new List<ArraySegment<byte>>{
headers,
content

})s

* He Bceraa adpdekTBHEE KONUPOBaHUA
*  Kcnonb3yet ArraySegment Bmecto ReadOnlyMemory

«  KonupyeT cnmcok nepeaaHHblx bydepos
*  3aBUCUT OT NAATGOPMbI

«  [opabotka APl 3annaHnpoBaHa Ha .NET 9

22
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o mqgravell/Pipelines.Sockets.Unofficial

« Agantep ansa pabotbl ¢ coketamu yepes AP| System.|O.Pipelines
* Wcnonbayetca B StackExchange.Redis
* [loagepxuBaeT scatter-gather IO

23
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Scatter-gather 1O: Chunked array

ArrayPool coaep>XuUt maccmBbl pa3HbIX pa3mMepoB

[locneacTBnAa HEOAHOPOAHOCTY Pa3MEpPOB:
» OparmMmeHTauma NamaTu
* HesdpdekTnBHOE UCMOb30BaHME NaMATU

*  PelleHwne: pasgenntb KOHTEHT Ha MacCUBbI
OAMHAKOBbIX Pa3MepoB

* LOH — He abcontoTHOe 3710, dparmMeHTaums — 310

24
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o) RecyclableMemoryStream

Microsoft.IO.RecyclableMemoryStream

» [otoBasa anbrepHatnea MemoryStream
*  KoHTeHT xpaHutca B Buae chunked array

25
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BbIBO/b

* [lynnHr — He Bceraa a¢ppekTnBeH
*  MeHblLUe B3anMOAENCTBMA MeXAY NOTOKaMU — iyyLue
*  bosablwmne KOHTEHTbI MOXHO pa3gesinTb Ha GpParmMeHThbl

26
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JlormpoBaHMe 1 NPOM3BOANTENBHOCTL

MOHUTOPUHT AOXKEH MUHUMABHO Harpy>aTb Nporpammy

« Pabota co cTpokamm

* Annokauun B heap

*  CUHXpOHM3aLMa NOTOKOB
* BBog-BbIBOA

27



KOMMOHEHTbI IOrepa
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®acag —> Aapo —> AnneHaep

«  ®acag — BHeWHNN nHTEpdheunc
* fAapo — koHPUrypayms, enrichment cobbiITnm
* AnneHgep — 3anncb COObITUM

28



Throughput
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[TponyckHas cnoCOOHOCTb: ThICAY NOr-COObLEHUN B CEKYHAY

Log4j 2| NLog| Serilog manual
File 3200 1650 1250 5700
Console 50 46 1.7 140
Console 380 340 300 5300

(to file)

29
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ConsoleAppender

Pa3Hblie noTpebHOCTM pa3paboTunkoB 1 Nosab3oBatenen 6GubanoTekm:
*  [lpeaHa3zHayeH ana NPOCMOTPaA J0rOB rnasamum npu oTaagke

* Ho vacto ncnonb3syetca B npojakweHe (KOHTeNHepbl)
* PeasibHaa KOHCONb — MeAIeHHas, PeHAEPUT TEKCT

30
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LIBeTHbIE N0

» ConsoleAppender n3 Serilog packpalumBaeT joru
* Hello from task 10, n:

 Ha Windows 310 oTaenbHoe, meaneHHoe API

* McnpaBnaem: ncnonblyem escape
nocnefoBaTeNbHOCTN ANdA packpackm 1.7 —>

* Ybupaem packpacky noaHOCTbrO 16 —>

31



bydbepm3laumA
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* ObbeanHeHne HECKONbKNX 3anNnCeEN B O4HY
|O-onepaumnio (BbiIBOA Ha KOHCOJb)

* CraHgaapt — flush nocne kaxxaon 3anmcu
» Kacaetca u ¢annoBbix 10roB

o —> 110

32
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/lpyraa cTopoHa KOHCOM

./processl | process2

process stdout stdin
Internal | > » Shared buffer |

buffer

) 4

process2

33
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/lpyraa cTopoHa KOHCOM

./processl | process2
process £di
Internal | r StdOUt= Shared buffer e process?2
buffer

BbiBOZA /10roB Ha peanbHYy KOHCOb — BPEAUT MPOU3BOAUTENIbHOCTU
[1pn TectoBOoM 3anycke B IDE

34
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Throughput vs latency

*  Throughput — ckonbko Merabant nam cobbITUN MOXKHO
npokauyaTtb Yepes sorep 3a CeKyHAay

* Latency — Bpemsa gobasneHuna cobbiTLA B aorep.
log.Log("Message");

35
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Throughput vs latency

*  Ho 3ayeM MWANNOHBI N0r-3annucen B CEKYHAY?

* Latency — reHepauua nor-3anncm 4o>KHa MUHUMAAbHO
BAMATb Ha 06paboTKy 3anpoca

*  Manas nponyckHas cCnocobHOCTb — CIeACTBUE
HepaunOHaAbHOIO NCMNOJIb30BaHUA PeCypCoOB CUCTEMDI

36
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ANneHaep: sync nam async

CUHXPOHHBIY — BbI3bIBAETCA B Sync, Async| No log

MOTOKeE, KOTOpb||7| NHNUNMNPOBA RPS 550 590 640

NOrMpoBaHmMe, cCaM BbIMOJHAET

3anncb cobbiTuA 050 1.9 2.1 1.9

ACNHXPOHHbIM — noMewaeT log | p90 6.3 3.8 3.5

cobbiTne B ouepesab. CHMXaeT

latency, B ywiep6b rapaHTuam 095 6.9 3.5 3.

NOCTaBKM 099 3.8 3.9 3.6
0999 | 10.7 4.3 4.0

®acag —> Agpo —> Async Appender ~ Thread —> Appender

37
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MuHUMKM3aLUMa latency

®dacap -> Appo —> Async Appender ~ Thread —> Appender

Ans mmHuMmn3aumm latency Tpebyetca onTMmManpoBaTb KoA,
BbIMOJNHAOWMNINCSA B MOTOKE, B KOTOPOM Ha4yanoCb OrMpoOBaHme

38



t.me/epeshkblog

Serilog messageTemplate

logger.Information( logger.Information(
$"A: {a}, B: {b}"); "A: {a}, B: {b}", a, b);

 Serilog — cTpyKTYpHbIM N0Orrep
 [lapameTpsl log event OXKHBI ObITb UMEHOBaHHbLIMY

39
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Template cache

* [lapcuHr message template — megneHHbIV
 Kow Dictionary<string, Template>

»  Ecam BMecTo message template ncnosb3osaTb
YHUKaNbHble CTPOKM — byaeT cache thrashing

* A B uUém eLwé npobaema Takoro Kawwa?

40
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String.GetHashCode

public override int GetHashCode()

{
ulong defaultSeed = Marvin.DefaultSeed;

return Marvin.ComputeHash32(
ref Unsafe.As<char, byte>(ref this. firstChar),
(uint) (this. stringlLength * 2),
(uint) defaultSeed,
(uint) (defaultSeed >> 32));

41
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CTPOKOBbIV KAHOY B X3 TabamLe

*  CTpOKM CpaBHMBAIOTCA MO 3HAUYEHUIO
* X3 KOZA OT 3Ha4YeHUA CTPOKM He K3LMpyeTcs
*  Kaxkabl NOUCK B X3LW-TabanLe — BblYMC/IEHME X3LW-KOAA KtoUa

42
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CTPOKOBbIV KAHOY B X3 TabamLe

logger.Information(
"A: {a}, B: {b}", // € CONST
a, b);

LLlabaoHbI coobLeHn:
* CTPOKOBble JinTepansbl
°  3aK3WMPOBaHHbIE CTPOKU U3 pecypCcoB (noKanmsauma)

43
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CTPOKOBbIV KAHOY B X3 TabamLe

class ByReferenceStringComparer : IEqualityComparer<string>

{
public bool Equals(string? x, string? y)

=> ReferenceEquals(x, y);

public int GetHashCode(string obj)
=> RuntimeHelpers.GetHashCode(obj);

https://github.com/serilog/serilog/pull/1947 A4



https://github.com/serilog/serilog/pull/1947
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By-value vs by-reference cache

Items BEFORE AFTER
10 72 Us 10 us

20 145 us 22 US

50 363 uUs 52 us
100 /734 us 108 us
1000 750 us 120 us

Pa3HuLa 3aBMCUT Tak>Ke OT AIMHbI message template

45
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[ loTOKODHEe30MacHOCTb

* Dictionary<string, Template> — HenoTtokobe3omnacHbIn

*  BbAOKMpOBKa Ha YTEHME U1 3annNCb — YObET NPON3BOANTENBHOCTD

* ConcurrentDictionary — 6onbwoun rpad 06bLEKTOB B NaMATH
* B Serilog ncnonbsyerca non-generic Hashtable + write lock

46
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9 ConcurrencyToolkit

SingleWriterDictionary<string, Template>

* Single Writer Multiple Readers hash map
*  Optimistic concurrency
* [paHynApHOCTb N3MEHEHUN

47
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Stack allocation

48



Stack allocation
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public void Write<TO, T1>(
LogEventLevel level, string messageTemplate,
TO propertyValued, T1l propertyValuel)

{
if (!this.IsEnabled(level))

return;

this.Write(level, messageTemplate, new object[2]

{
(object) propertyValued, (object) propertyValuel
1)
}

49
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Stack allocation

public void Write<TO, T1>(
LogEventLevel level, string messageTemplate,
TO propertyValued, T1l propertyValuel)

{
if (!this.IsEnabled(level))

return;

this.Write(level, messageTemplate,| new object[2]

{
(object) propertyValued, (object) propertyValuel
1)
}

50
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Stack allocation

public void Write<TO, T1>(
LogEventLevel level, string messageTemplate,
TO propertyValued, T1l propertyValuel)

if (!this.IsEnabled(level))
return;

Span<object> props = stackalloc object[2]; // € compilation error
props[0] = (object) propertyValueo;

props[1] = (object) propertyValuel;

this.Write(level, messageTemplate, props);

51
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Stack allocation: inline array

[StructLayout(LayoutKind.Sequential)]
struct InlineArrayFor2Elements
{

object Objecto;

object Objectl;

public Span<object> AsSpan() =>
MemoryMarshal.CreateSpan(ref Objecto, 2);

52
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Stack allocation: inline array

public void Write<TO, T1>(
LogEventLevel level, string messageTemplate,
TO propertyValued, T1l propertyValuel)

{
if (!this.IsEnabled(level))

return;

Span<object> props =|new InlineArrayFor2Elements().AsSpan();
props[0] = (object) propertyValueo;

props[1] = (object) propertyValuel;

this.Write(level, messageTemplate, props);

376 -> 344 bytes

53
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Stack allocation: inline array

[StructLayout(LayoutKind.Sequential)]
struct InlineArrayFor2Elements
{

object Objecto;

object Objectl;

public Span<object> AsSpan() =>
MemoryMarshal.CreateSpan(ref Objecto, 2);

54
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Stack allocation: C# 12 inline array

[System.Runtime.CompilerServices.InlineArray(2)]
struct InlineArrayFor2Elements<T>

{

T _elemento;

}

55
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Stack allocation: C# 12 inline array

[System.Runtime.CompilerServices.InlineArray(2)]
struct InlineArrayFor2Elements<T>

{

T _elemento;

}

56
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Stack allocation: const as generic param

struct InlineArray<T, int N> { ... }

InlineArray<object, 2> array = new();

Implement MVP part of const generics for CoreCLR
https://github.com/dotnet/runtime/pull/89636

57
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BbIBOb

* .NET cTraHoBUTCA BbICTPEE, HO Ha NPOMN3BOANTENBHOCTE NPOrpPaMm
6osibLLe BAMNAET TO, KAK OHW HamnMCaHbl

* B CTOpOHHUX BubamnoTekax oCcTanoCb MHOIO MeCT ANA YaAyULLeHNY
*  [anbHenwmne ontumunsaymm .NET norepos:

OO0
[=] 2%

t.me/epeshkblog
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BOMNPOCh!

EBreHun lNewkoB

DOTNEXT @cpes
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