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CHayana 6bin OH




AnbdoHcHHCKne Tabnuubl (3dpmmepua)

o 1252-1270 co3naHune
e 1485 BnepBble HanevaTaHbl
e [loCcTpOeHbl Ha NTOfIEMEEBON KOCMOSOrn




N TyT npuwen OH




[Tpycckue Tabnunubl

e |I30aHbl B 1553
e [locTpoeHbl Ha kocmonornn KonepHuka




N TyT npuwen OH




PynoonbuHckme Tabnuubl

e HaneyaTtaHbl B 1627

e Bkntoyanu Tabnuubl norapudmMoB

e HoBble HabnogartenbHble gaHHble Tuxo bpare




N TyT npuwna OHa (embrace diversity!)




Urania Propitia

e HaneyaTtaHbl B 1650

e Kocmonormna Tuxo bpare: conHue v nyHa gsuratoTcs
BOKPYI 3eMIu, OCTalibHbIE€ NiaHeTbl BOKPYr CONnHua

e YnpoLleHne BbIYUCNEHNN LEHOWN NOTEPU TOYHOCTM

e |t was described by Noel Swerdlow as "the earliest
surviving scientific work by a woman on the highest
technical level of its age."
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N TyT npuwen OH




Philosophiae Naturalis Principia Mathematica

N3naHa Ha naTbiHM B 1687

3aKOHbl MEXAHWUKU N 3aKOH BCEMUPHOIO TAroTEHUS

OcHoBbl MaTaHanus3a

[loka3aTenbCTBO TOro YTO 3aKOHbI Kennepa 3To xopowlee npudnmxeHmne



3akoHbl HbloTOHa onsa onepaTtMBHOM NaMATU

e [locnepoBaTternbHbIN AOCTYN ObICTpEE
NPON3BOJIbHOr0, HECMOTPSA Ha Ha3BaHUE
Random Access Memory

e bonblune perucTpbl ObiCTpee
MarneHbKknx pernctpos (SSE go 512
6uT)

e HeBblpaBHEHHbIN OOCTYN MeasieHee
(x86) nnun sanpelieH (ARM)

e Bbixopg 3a npeaensbl Kalla MeHsaeT
CKOpPOCTb B pasbl

e JlnHun Ha rpaduke ganekn ot
naeanbHbIX




[T006anTOBLIN N BEKTOPU3UPOBAHHBLIN LIUKIT

[Benchmark()]
public void CopyBytelLoop()
1
for (int 1 = @; 1 < this.Length; ++1i)
r
1
this.data2[i] = this.data[i];
¥
}
[Benchmark(Baseline = true)]
public veid Copy()]
.
1

Buffer.BlockCopy(this.data, @, this.data2, @, this.Length);

}



[TobanToBbIN U BEKTOPUINPOBAHHbLIN LMKI

enchmark()]

public void CopyByteloop()

;

1
for (int i = @; i < this.Length; ++i) CopyByteloop
{ CopyByteloop

this.data2[i] = this.data[i]; CopyByteloop

}

1

I

[Benchmark(Baseline = true)]

public veoid C:py(ﬂ

1
Buffer.BlockCopy(this.data, @, this.data2, @, this.Length);

1

}

Method | Length Me Error | StdDev

Copy

|
|
Copy | 10000 133.854 ns 18.9302 ns 17.7073 ns
|
|

Copy .645 ns P8.5673 ns 195.0940 ns
Py




YnpaBneHne namATbio Kak KOMMPOMUC

e Buibupaem mexay yoobctsomMm HanucaHma/nogaepxku n memory traffic
e CroXHO npuaymaTtb Nonb3oBaTeNbLCKUM KO, KOTOPLIA MCNOMNb3yeT NaMATb
buicTpee Yem 3a O(N)



KoHBepTauma mexay koguposkamu (HaMBHas Bepcus)

[Benchmark()]
public void Recode()

{

var str = this.source.GetString(this.data);
this.data2 = this.target.GetBytes(str);



A coendanb!

[Benchmark()]

public void RecodeOptimized()

{
var maxlength = this.source.GetMaxCharCount(this.data.Length);
var charData = ArrayPool<char>.Shared.Rent(maxlength);
var charlength = this.source.GetChars(this.data, charData);
var charSlice = charData.AsSpan(@, charlength);
var targetData = ArrayPool<byte>.Shared.Rent(this.target.GetMaxByteCount(charLength));
var targetlength = this.target.GetBytes(charSlice, targetData);
ArrayPool<char>.Shared.Return(charData);
var result = targetData.AsMemory(@, targetlLength);

// have to be done at caller
ArrayPool<byte>.Shared.Return(targetData);



PesynbTtaTtbl ASCII -> UTF8

private readonly Encoding source = Encoding.ASCII;
private readonly Encoding target = Encoding.UTF8;

Method v | Allocated

Recode . . .4572 ns
RecodeOptimized . ; .4232 ns
RecodeOptimized . . .2652 ns
Recode 10000 . . .7319 ns
RecodeOptimized 100000 444 ,931. ; .5458 ns
Recode 100000 613,659. . .5051 ns . 200024




Peaynbtatel UTF8 -> UTF7

private readonly Encoding source = Encoding.UTF8
private readonly Encoding target = Encoding.UTF7

Method

Allocated

RecodeOptimized
Recode
RecodeOptimized 225,737.
Recode 100060 523,466.
RecodeOptimized 100000 ,307,439.

177616
p
Recode 100000 5,338,476.

176
70.3125 1524046
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(A)mazingly Stupid
1 Code complexity )

Slide 8/66. «Keynote: Performance », Aleksey Shipilév, 2017, D:20170404035127+02"00’



NcTopusa npo ontummnsauymto sigpa OC

PaHHue 70ble

IBM OS/360 nepBas OC rae sapo HanmcaHo Ha si3blke BbICOKOIO YPOBHS
(cneunnbHbIn TUN PL/)

UenoBek HanucaTb nyylune Kog 4Yem KOMMUSTOp B Te BpeMeHa

B pesynbTaTte npodannuHra obHapyXunu MecTo rae onepaumoHHas cuctema
npoBoanT 60% BpemMeHu

Co3panun MukpobeH4YMapK U CMOrfiM onTUMM3nMpoBaTh ero B 3 pasa
O6HOBUNN AOPO N OXUAann NPUMEPHO ABYXKPATHOro npupocTa
NPON3BOANTENTBHOCTU

B nuHykce nogobHasa paboTta 6bina caenaHa B 4.17

Mopanb: Bcerga npoBepanTe MosiHbIM TECT, @ HE OTYUTbIBANTECH MO pe3ynbTam
MUKpobeH4YMapKa



[TlponssoauTensHocTb Bl B peanbHOCTH

CPU Usage - Report...4-1339.diagsession + X JCelelgrdeyilsl ey ERL e [Elo IS5 Te]iig

Current View: Modules \l‘

Name

4 dotnet.exe (PID: 17980)

>

v V VvV VvV ViV V V VvV VvV V

IDSviab4.sys

ntoskrnl.exe

coreclr.dll
System.Private.CorelLib.dll
ntdll.dll

clrjit.dll

[External Code]
rocksdb.dll

NETIO.SYS

tcpip.sys
Microsoft.AspNetCore.Server.Kestrel.Core.dll

System.Net.Http.dll

Mirrnenft AsnNet(Care Mur Core dll

SqlPersistenceService.cs

StorageQueryDefinition.cs

Total CPU [unit, 9]

27103 (100.00%)
8676 (32.01%)
13678 (50.47%)
26419 (97.48%)
25618 (94.52%)
26438 (97.55%)
1320 (4.87%)
762 (2.81%)

945 (3.49%)

9916 (36.59%)
10728 (39.58%)
16037 (59.17%)

8433 (31.11%)
7ROA (D2 N9

Self CPU [unit, %]«

27103 (100.00%)
6810 (25.13%)
5481 (20.22%)
3548 (13.09%)

2163 (7.98%)
1944 (7.17%)
837 (3.09%)
710 (2.62%)
651 (2.40%)
486 (1.79%)
475 (1.75%)
432 (1.59%)

384 (1.42%)
224 (1 2N°L)




GC no cpaBHeEHUIO ¢ coBpeEMEHHbIM CU-XMMOoMm

GC cnoxHee
GC TpebyeT nays anga nepemeLleHna oObeKTOB

e Jemalloc cogexxmnt 60NbLIMHCTBO ONTUMM3ALIUIA KOTOPbIN OObIYHO
npunuceiBatoT GC: perMoHbl NpmMBsiI3aHHbIE K NOTOKaM, OOHOBbLIE MOTOKN U
T.M.

e [lepemelieHne 0OBLEKTOB OYEHDb JOPOroCTOSLLNM NPOLLECC, HO OH YCKOpSeT
nocregyroLwme annokaumm n nosblwaeT 3PFPEKTUBHOCTb UCMNONMb30BaHUSA
namsTun

e Takum obpasom GC naysa siBNseTca aMopTU3NPOBAHHOW CTOMMOCTLHO
aeannokauun

e LOH 6nnxe k Cn-xuny



AddekT JanauHra-Kprorepa

Mt. Stupid

Plateau of Sustainability

Confidence

Valley of
Despair

Ignorance Competence Knowledge

https://aqile-mercurial.com/2019/07/12/the-dunning-kruger-effect/



https://agile-mercurial.com/2019/07/12/the-dunning-kruger-effect/

NoeanbHaga annokauus

Bes 6rnoknpoBOK (B permoHe nNpuBsa3aHHOM K MOTOKY)
YBenuymeaem ykasartenb cBOOOAHOro MecTta Ha AnuHy obbekTa

B noeane ato O(1)

B pearnbHOCTb n3-3a o4ncTku namsatn ctoumoctb O(N)

OC 4ncTuUT CcTpaHuUbl Nepes TeM Kak oTaaTb Npoueccy

GC yucTut 6r1okn NamAaTK Nepen TeEM Kak BEPHYTb U3 anrfokaropa



AnbTtepHaTnebl New(]

Method | Length v StdDev io | RatioSD 2 | Allocated

StackAlloc
StackAllocWithoutLocalsInit
Fill -
NewArray 2 .25 D.0686 .0636 .29 .02 0.0014
ArrayPool . 90! 7 0.5962 . 0. ] -
Native h2.10 ). 73] .6838 18. . -

StackAllocWithoutlLocalsInit 10000 1. ; p.0300
ArrayPool 10000 ; 0. .2329
Native 10000 64. . 0.6048

StackAlloc 10000 ; 2. .3179
NewArray 10000 . 10. .6340

StackAllocWithoutlLocalsInit 100000 12. ; 1.0154
ArrayPool | 100000 1. 0. .2098

Native 100000 . . .6289

Fill 100000 . . .5103

StackAlloc 100000 . 1. 1.6749

NewArray 100000 . 1,] . .6177

|

|

|

|

|

|

|

|

|

|

Fill | 10000 . 0. .0848 . 0. |
26 |
|

|

|

|

|

|

|

|

Disable localsInit: https://github.com/Itrzesniewski/LocalsInit.Fody




bonbLion 6nok 3a pa3 uim MHOro ManeHbKnUx?

Method v StdDev Allocated

NewObject

NewArray
NewComplexObject

NewArray 10000

NewObject 10000 1,616.
NewComplexObject 16000 15,081.

NewObject 100000 16,407.

NewArray 100000 40,168.
NewComplexObject 100000 148,111.




LOH ObIn npexaeBpeMeHHON onTUMnusaumen

O6bekThl 6onblie Yyem 85k nonagatot B gen3/LOH

8k ecnun double n x86

B LOH ob6bekThbl HE NepemMeLllatoTcsl, OH paboTaeT Kak o0bluHbIN Heap ¢ free list
3a roabl 661110 04eHb MHOIo Npobnem ¢ HeadhHEKTUBHOCTBIO NCNONb30BaHUS
namatn B LOH

Bkl ckopee Bcero Hukorga He annouupyete B LOH Hanpsmyto

910 genatot List, Dictionary and MemoryStream, n Kestrel.

B Java Hotspot Toxe 661110 ocoboe noBegeHne no OTHOLLEHUIO K BOsbLLINM
obbeKkTaM, HO BCE XXe OHU KOMMaKTUINCh

Method | Length | Error | StdDev | Gen © |

NewArray | 849e@ | ©.0070 us | ©.0066 us
NewArray | 85000 | 46.847 us | 1.7640 us | 1.6501 us |




CekpeTHble HacTpomnkm GC

® |I3HavanbHasi No3nuus bbina B TOM YTO HUYEro HacTpamBaTb HE HaJo (B OTNM4yme
OT [XKaBbl)

e Cenyac B .net core 6onee 50 kntoyen gnga ynpasnexHna GC

e GCLOHThreshold — HegoKyMeHTUPOBAHHbLIW KINHOY ANS YBENUYEHNA nopora
bonbLunx obbekToB cBepx 85k. Tak ke goctyneH B .Net framework 4.8

e CooTBeTcTBeHHO nepemeHHasi okpyxeHnss COMPlus_ GCLOHThreshold

e [lomoraer, korga Bbl ansfioumpyeTte KopoTKkoxmsyLmne 6onblune 6ydepbl, KOTopble
nHave 6kl nonanu B LOH

e Bbl MOXeTe npakTniyecknn otkmnountb LOH, HO 3TO He 3aMeHUT To “Markoe”
OTHOLWEeHne K 6onblunmMm obbekTam B ocTarnbHbix GC

e htitps://devblogs.microsoft.com/dotnet/the-history-of-the-gc-configs/

e https://qgithub.com/dotnet/coreclr/blob/ed5dc831b09a0bfed76ddad684008bebc86a
b2f0/src/gc/gcconfig.h



https://devblogs.microsoft.com/dotnet/the-history-of-the-gc-configs/
https://github.com/dotnet/coreclr/blob/ed5dc831b09a0bfed76ddad684008bebc86ab2f0/src/gc/gcconfig.h

UTo elle MmoxeT ObITb NONMEe3HO U3 HAacTPOeEK

e GCHeapCount — korga y Bac MHOro aaep, 4to Obl YMEHbLLUNTD
HEMCnosib3yemMyro namsiTb

e GClLargePages — xopowmnn cnocob ynyywmntb nepdpopmMaHC Harpy>XeHHoro
NPUNOXEHNSA LLEHOW UCMOoSb30BaHNS 6onbluero obbema HeBbIFPY>KaeMoMu
namatn. Tpebyet yctaHoBneHHoro GCHardLimit nnn koHTenHepHoro
OKpYXXeHuns!

e GCHardLimit — npoBepuTb Kak paboTaeT Balle NpUnoXeHnsa nNpu HegocraTke
namatn. inn ymeHbslWwNTb QYTAPUHT Npouecca, KOTOPbIN He AenaeT Tak yxX
MHOro paboThl.

e Ecnun Bam o4eHb BaXXHO MakcumanbHasa npogosmkmutenbHocTe GC naysbl:
https://docs.microsoft.com/en-us/dotnet/standard/garbage-collection/latency



https://docs.microsoft.com/en-us/dotnet/standard/garbage-collection/latency

Koraa HY>KHO Ha4YNHATb ONTUMN3NPOBATb aJ1IJ1OKaL UK

Mano goctynHon namaTtu + mHoro LOH annokauun

KpUTUYHOCTb K nay3am M MHOIO BbIXKUBLLNX BO BTOPOM MOKOJSIEHUN
Cyetuumk "Time Spent in GC%” 6onbwe 10%

Page Faults



omnnpuyeckme 3akoHbl .Net GC

e [IpogomkmntenbHocTb GC Pause 3aBUCUT NIMHENHO OT 06bEMA BbIKUBLLMX,

namsiTb 3aHMMaemMas npoLLeccoM He MMEET 3HAYEHUS

Concurrent GC He Tak y>X n nomoraeT. He paccunTbiBanTe Ha Hero.

MakcumanbHbIn Tpadyduk okoso 2 GiB/s

GC Pause 3anmmaeTt 0.2-0.5 Ha 1 GiB BbikUBLUMX

Ecnn y Bac mHoro LOH annokaumn BO3MOXHO BaM npuagetca o6 aTom

3agymMmaTtbCs

e HaknaaHble pacxodbl Ha ansfokaumio B kKyde 16 6ant. MuHumMmanbHbIN pasmMep
oObekTa 24 banta (x64).



OKCcrnoHeHunanbHoe 3ameaneHme oT HegoctaTka namaTu 1

[MycTb y Hac ecTb 0.5 GiB/s memopu Tpadmka

BopkmBwinx Ha 1 GiB

OrpaHunyeHune Ha namaTb npouecca 10 GiB

B xyawem cnydae Gen2 cbopka kaxable 18 cekyHa, koTopasa 3anMmeT npumepHo 0.5
CeKyHAabl

Bpems B GC = 3% vemenv e

Used Memory

GC 0/1 pauses GC 2 pause




OKCNoHeHUuanbHoe 3amMmearieHne oT HegoctaTka namaTtm 2

e [lycTb y Hac ectb NIMMUT Ha NamMmATb npouecca B 3 GiB
e Gen2 cbopka Kaxable 6 CeKyHObl TakK Xe 3aHMMaeT NofCceKyHabl
e BpemsaB GC =8%

Memory Limit

Used Memory

GC 0/1 pauses GC 2 pause GC 0/1 pauses GC 2 pause




OKcnoHeHUManbHoe 3amMmeasieHue oT HegocTaTka namaTn 3




[MocTepbl oT KoHpaaa Kokochl
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https://prodotnetmemory.com/

Streams

Method

NewArray

PoolStream
PooledMemoryStream
MemoryStream
SmallBlockMemoryStream
RecyclableMemoryStream

Fill

PoolStream
PooledMemoryStream
NewArray
SmallBlockMemoryStream
RecyclableMemoryStream
MemoryStream

Fill
PooledMemoryStream
RecyclableMemoryStream
PoolStream
SmallBlockMemoryStream
NewArray

MemoryStream

Length |

10000
10000
10000
10000
10000
10000
10000

100000
100000
100000
100000
100000
100000
100000

58.
1,245.
126.
289.
379.
651.
1,418.
1,503.
2,431.

1,648.
3,290.
4,523.
4,671.

11,008.

43,382.

93,852.

Mean

Error

StdDev

| RatioSD

.0019
.0019
.2966
.4959
.0114
.8926

0.8087
8.2397
10.7422

Allocated

440
72
131408
8.2397
10.7422 127204




Stream links

e http://www.philosophicalgeek.com/2015/02/06/announcing-microsoft-io-
recycablememorystream/
https://github.com/azhmur/PooledMemoryStream
https://github.com/Aethon/SmallBlockMemoryStream
https://github.com/microsoft/Microsoft.l0.RecyclableMemoryStream
https://github.com/itn3000/PooledStream/



http://www.philosophicalgeek.com/2015/02/06/announcing-microsoft-io-recycablememorystream/
https://github.com/azhmur/PooledMemoryStream
https://github.com/Aethon/SmallBlockMemoryStream
https://github.com/microsoft/Microsoft.IO.RecyclableMemoryStream
https://github.com/itn3000/PooledStream/

MemoryStream

He ucnonb3ynte ToArray (obblvHo xBataeT TryGetBuffer)
He ncnonb3ynte MemoryStream kak npomMexXyTo4yHbIn 6ydep, 0ObI4HO
MO>XHO NMncaTb B Lief1IeBOM NOTOK HaNpsiMyto.

e Bbl MOxeTe nonpoboBaTb UCMOsSb30BaTh aHanorn Memory Stream ¢
nynuHrom 6ydgepos.

e UYepes napy net AOMKHO NOSIBUTCA B KOPKE.
https://github.com/dotnet/corefx/issues/21380



https://github.com/dotnet/corefx/issues/21380

Links

e https://medium.com/servicetitan-engineering/go-vs-c-part-2-garbage-
collection-9384677f86f1
e https://mattwarren.org/2017/01/13/Analysing-Pause-times-in-the-.NET-GC/



https://medium.com/servicetitan-engineering/go-vs-c-part-2-garbage-collection-9384677f86f1
https://mattwarren.org/2017/01/13/Analysing-Pause-times-in-the-.NET-GC/

