MeToabl noBbilWeHUA npoussoautTenibHocTu .NET-
NPUIOXEeHUA Ha NpuMepe nporpaMmvbl NOUCKa AyO6/IMKaToOB

Opun Manunu
NP4 GmbH
DOTNEXT yurymalich@yandex.ru




O cebe

e 3akoHuunn MNIryriC (Astomarumka v TefieMmexaHuka Ha x/a TpaHcnopre)
* [lporpammupyto npumepHo ¢ 1996 roga, ¢ MS DOS Ha Intel 1386
« Ha C# .NET c nepsbix Bepcuit. Microsoft Certified Professional 2016

* [lncan cTtartbn NO apxXUTEKTYPE MUKPOMPOLIECCOPOB A/ canToB iXBT.com,
fcenter.ru, 3dnews.ru

* [lpuHnman yyactmne B paspaboTtke cuctemMHbix ytuant and Windows: B Nero
AG (Nero Burning Rom g) n B TuneUp (TuneUp Utilities g%‘-')

 Pabotat B NP4 GmbH, pa3pabaTtsiBato Desktop 1 Backend npunoxeHus
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O nporpamme Duplicate Files Search & Link

O nporpamme
* [lpunoxenne ana Windows 7-11 (HaumHan ¢ WIinXP)
* Cob6upaetca nog 4 nnardopmebl: .Net Fx 4.7.2, .NET 6.0 - 8.0 (32+64 6uT)
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O nporpamme Duplicate Files Search & Link

O nporpamme
* Haxogut no6anTHO AeHTUYHbIE doaii/ibl B BbIOGpPaHHbIX nankax

 Haxogut oanHakoBble Mmeguadpansisl (.mp3, .mp4, .jpg etc) Nno MeanakoHTEHTY
C UrHopmpoBaHnem mMeTagaHHbIX (TAros u T.M.)

* HaxoauT XXECTKMEe CCbIJIKN U CUMIMHKN Ha dpansibl (NoaaepXmBaroTcs B
dannosbix cuctemax NTFS, ReFS, EXT2,3,4)

* YMeeT 3aMeHATb Ay6nkaTbl oansioB Ha XECTKMUE CCbIJTKA U CUMITUHKA UK
yaanaTtb dpansibl (B KOP3UHY UM HACOBCEM)
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O nporpamme Duplicate Files Search & Link

Lenb

* OcB06OXOeHNEe MecTa Ha AMNCKe 3a CHET 3aMeHbl (han/10B XECTKUMU
CCbI/IKAMU NN yaasIEHNA NNLLIHUX OAVMHAKOBbLIX ddan/ioB

* HaBegeHue nopsiika, pacxnamieHue
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O nporpamme Duplicate Files Search & Link

XXécTtKue ccbiniku (hard links)

| Xx:\Photo\1

IMG_0851.JPG ~ MFT-3anucb thaiina

- UHOEKC

- aTpubyThl

- AECKPUNTOpPbLI AOCTyna

| X:\Photo\2

IMG_0851.JPG /
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O nporpamme Duplicate Files Search & Link

XXécTtKue ccbiniku (hard links)

» JKEcTKas ccblfika — 3TO 3anucb B Katasiore (MMa doainia), Kotopasi CCbl/1aeTcs
Ha harnosbin geckpuntop B MFT ¢ aTpnbytamu, MetagaHHbIMU N KOHTEHTOM

e Kaxapblvi than uMeeT MUHUMYM OfHY XECTKYH CCbINKY

* Kaxgpii hann B NTFS moxeT umetb A0 1023 XECTKMX CCbISTOK

* Bce CCbl/IK/N paBHOMPaBHbI

* YgasnieHve nocriefHen CCbiNIKU NPUBOANT K yaasieHnio doainnia ¢ gncka
* Bce ccbinkn Ha ¢hani MoryT 6bITb TO/IbKO BHYTPW OA4HOr0O pasgena
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O nporpamme Duplicate Files Search & Link

CUM/TUHKU - CUMBOJIUYECKNE NN CUMBOJIbHbIE cCbI/IKU (symbolic links)

ﬁ X:\Photo\1 MFT-3anucb haina

- UIHJEKC
> IMG_0851.JPG _——" - atpubyThI
= ,ﬂ,@CKpI/II'ITOpr |CI,OCTyI'Ia

| z:\Photo\1

M| IMG_0851.JPG

MFT-3anucb haina
- NHOEKC
- atpnoyThl
- JecKpunTopbl Aoctyna
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O nporpamme Duplicate Files Search & Link

CUM/TUHKU - CUMBOJIUYECKNE NN CUMBOJIbHbIE cCbI/IKU (symbolic links)

CUMNUHK — 3TO cneuyasibHbI TEKCTOBbLIN doait, coaepXxatumin nyTb K dpanny
NN KaTtanory, K KOTOPOMY NepeHanpas/isitoTCA YUTEHME U 3aMnChb

CamocToATe bHbIN hai/1 Co CBOMMW aTpubyTamu 1 aeckpuntopamu
[TyTb MOXET ObITb MOJIHbIA U OTHOCUTENbHbIN

MOoXeT ccbliatbCs Ha dhai Ha /1loboM pasaere, a Takke OblTb TOUKOWN
MOHTUPOBaHMA pa3saena (reparse point)

Ecnu yonanntb dhaiin, Ha KOTOPbIN CCbI/TAeTCA CUMJTUHK, NN NEPENMEHOBATL
doann nnn karasnor, To CUMIVHK ByaeT HeaeNnCTBUTENbHbIM
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O nporpamme Duplicate Files Search & Link

Kakue npo6siemMmbl NpMXoAUTCA pellaTtb?

Bonblue gpainioB => 60/MbLIE BPEMEHN HYXXHO Ha YTEHME N CpaBHEHNE
Uem 60sbLUe doainioB, TeM 60MbLIE NaMATH TpebyeTcsa nporpaMmme
AHTMBUPYCbI 3aMe/IAT AOCTYN K thainam

OrpomHoe pa3Hoobpa3ne KoHdurypawmin xenesa n Bepcum cogota y KOHeUYHbIX
nosib3oBaresnemn
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AnroputTmmnyeckasa ontumMmusaunsa noucka

ANroputMbl NOUCKa AyOG/IMKATOB

* [Nob6anTHOE cpaBHeHMEe han/10B OMHAKOBOIO pasmMepa Mexay
cobou

e [loaCcuéT xawa Kaxxaoro dpanna no oTaAeibHOCTU N TPYNMNMpPOoBKa
No XaLwam
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AnroputTmmnyeckasa ontumMmusaunsa noucka

NMoGanTHOe cpaBHeHUe hansioB Mexay cooou

€» AocTouHcTBa:

Ecnv nepsble 6anTbl ha/ioB He paBHbl, TO HE HY)KHO CUMTbIBaTb (Paisbl C
ANCKa 00 KOHua

BbiCcOKas CKOPOCTb CPaBHEHUSA TPYNN C MasibiM YMC/1I0M doainios
Hu3kaa pecypCoEMKOCTb U Harpyska Ha npoueccop
HanéXHocTb
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An roputMmmnyeckas ontTnMm3aund noncCka

NMoGanTHOe cpaBHeHUe hansioB Mexay cooou

@ Hepocrartku:

el
300
» KBagpaTuyHasa aroputMmyeckas
C/I0XXHOCTb B CAMOM Xy LIeM 250
200
150

cnyyae O(n"2)

T
12345678 9101112131415161718192021222324
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AnroputTmmnyeckasa ontumMmusaunsa noucka

X3awwmpoBaHne (hansioB U cpaBHEHNE X3LUEW

€» AocTomHcTBa:
e Anroputmuyeckas npoctoTta ajaropntma cpasHeHuns O(n)

e  AAropuTtmbl KpunTorpaduyeckoro xawmposaHma ns kopobku (MD5, SHAL,
SHA256)
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AnroputTmmnyeckasa ontumMmusaunsa noucka

X3awwmpoBaHne (hansioB U cpaBHEHNE X3LUEW

@ Hepocrartku:

Kaxabin dparin Hy>HO npoynTarb LesIMKoMm
PecypCoeMKOCTb, BbiCOKasi Harpyska Ha npoueccop

CKOpPOCTb X3LWMPOBAHNSA HAMHOIO HKE CKOPOCTM NO06GanNTHOro CpaBHEHUS
dannos

BeposATHOCTb KOMM3UiA (0AMHAKOBbIE X3LLK pa3HbIX AaHHbLIX) GONbLUE HY/S
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AnroputTmmnyeckasa ontumMmusaunsa noucka

'MépngHoe pelleHune:
CKOMOMHMpOBaTb AOCTOUHCTBA, HUBE/IUPOBaTb HEAOCTAaTKU

B HebonbLUKMX rpynnax gpansibl cpaBHMBaKOTCSA N0GaNTHO

Ans 601bLINX TPYNN UCMO/b3YETCS X3LWMPOBaHNE, COBMELLEHHOE CO
CpPaBHEHNEM

*  [1na 6onbLmnx hainoB XaWnpyeTcs nepsBbin cekTop 4Kb

* Hebonblne dannbsl Ao 64 Kb cuntbiBalOTCS, CPpaBHMUBAKOTCS U
X3LUMPYOTCA LIESTUKOM

Pe3ynbTaThl XaLLWMPOBaHWS UCNOMb3YHTCS AN Noc/eayoLwein rpynnmpoBKu 1
CpaBHEHMs No noarpynnam
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AnroputMmmnyeckad ontTumMmusauns noncka

f’MépuaHoe cpaBHeHMe

FileO1

File02 File02
File0O3 File03

FileO4

File05 File0O5

File02
File05

- -
File06 File06 File06

. .
File07 FileO7 FileO8

File08 File08
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Hn3KoypoBHEBbLIE ONTUMKU3ALII CKOPOCTH

1. NMpocTeliee noGanTHOEe cpaBHeHMe O0ydepoB

for (int i = 0; i < bufl.Length && i < buf2.Length; i++)

{
if (bufl[i] != buf2[i])
{
return false;
}
}

return true;

CnnwkomMm measieHHo, HeaddPeKTUBHO
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HN3KOoypoOBHEBbLIE ONTUMWU3aLINN CKOPOCTHU

2. CpaBHeHue Int64-6nokamu yepes fixed-pointer B unsafe-koge

fixed (bytex pBufl = bufl, pBuf2 = buf2)
{

int i8 =0, i = 0;

int size8 = size / sizeof(long);

var pl = (long*)pBufl;

var p2 = (long*)pBuf2;

for (; i8 < size8; i8++)

{
if (p1[i8] !'= p2[is8])
{
return i8 * sizeof(long);
}
}

i += i8 * sizeof(long);
for (; i < size; i++)

{
}

if (pBufl[i] != pBuf2[i]) { return i; }
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHue 4K-maccuBoB no6anTHO U cnoBamu Int64 B BenchmarkDotNet

ns to compare 4KB arrays
3000

2500 -

2000 -

YckopeHue B 9 pas

H Byte
H Int64

1500 -

ns

1000

500 -

.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0
Intel Core i7 7700HQ 2.80GHz
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

3. AVX-cpaBHeHuUe yepes 32-6anTHbin Vector<byte>

var countVectors = size / Vector<byte>.Count;
var sizeAligned = countVectors * Vector<byte>.Count;

for (int i = 0; i < sizeAligned; i += Vector<byte>.Count)

{
var vector2 = new Vector<byte>(buf2, i);
var vectorl = new Vector<byte>(bufl, i);
if (vectorl != vector2)
{
return i;
}
}
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Hn3koypoBHEBbLIE ONTUMU3ALIUN CKOPOCTU

CpaBHeHue 4K-maccuBoOB csioBamMu 8-6aiMTHbIMU Int64 u 32-6aiiTHbIMU Vector<byte> B
BenchmarkDotNet

ns to compare 4KB arrays

350

300 -

250 -

200 -

YCcKopeHue Bcero Ha
W Int64
B Vector<byte> 10'20%

150 -

100 -

.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0

Intel Core i7 7700HQ 2.80GHz
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

3. AVX-cpaBHeHuUe yepes 32-6anTHbin Vector<byte>, ausaccemonepHbIv KoA

Mo1_Lo0o:

cmp eax,riled

jae near ptr MO1_LO9
lea esi,[rax+1F]

cmp esi,rled

jae near ptr MO1l_L09
vmovupd  ymmO, [ rdx+rax+10]
cmp eax, rad

jae near ptr MO1_LO9
cmp esi,r9d

jae near ptr MO1_LO9

vmovupd  ymml,[rcx+rax+10]
vpcmpegb ymm@,ymml,ymmo
vpmovmskb esi,ymmo

cmp esi,OFFFFFFFF
jne near ptr MO1_L0O6
add eax, 20

cmp eax,rlld

jl short MO1_Lo0
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HN3KOoypoOBHEBbLIE ONTUMWU3aLINN CKOPOCTHU

4. AVX-cpaBHeHUue yepe3 MemoryExtensions.SequenceEqual (Nuget
System.Memory)

var spanl = bufl.AsSpan();
var span2 = buf2.AsSpan();
return spanl.SequenceEqual(span2);
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHue 4K-maccuBoB TpeMsa pa3HbiMu pyHKkunamu BenchmarkDotNet

ns to compare 4KB arrays

350

300 -

250 -

200 -

m Int64 YCKkopeHue B ~2 pasa

B Vector<byte>

SequenceEqual oT Sequence Equal

ns

150 -

100

50

.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0

Intel Core i7 7700HQ 2.80GHz
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

AVX Vector<byte> vs SequenceEqual B gnsaccemonepe (.NET 6.0)

SequenceEqual CompareBuffersVectorized
Mo1_Leo1: Mo1_Loo:
cmp eax,riled
jae near ptr MO1_L09
lea esi,[rax+1F]
cmp esi,rled
jae near ptr MO1_L0O9
vmovdqu  ymm@,ymmword ptr [rcx+rax] vmovupd  ymmO, [ rdx+rax+10]
cmp eax, rad
jae near ptr MO1_LO9
cmp esi,road
jae near ptr MO1_LO9
vmovupd  ymml,[rcx+rax+10]
vpcmpegb ymmo@,ymmo, [ rdx+rax] vpcmpegb ymm@,ymml,ymmo
vpmovmskb r9d,ymme vpmovmskb esi,ymmo
cmp rod,O0FFFFFFFF cmp esi,OFFFFFFFF
jne short MO1_L0O6 jne near ptr MO1_LO6
add rax, 20 add eax, 20
cmp r8, rax cmp eax,rlid
ja short Mo1_Lo1 jl short MO1_L00O
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Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

XawunposaHue hannos

h = hash(data)

data —>

hash-value

SHA1("Hello") => f7ff9e8b7bb2e09b70935a5d785e@cc5d9d0abfo

SHA1("Hello.") => 9b56d519ccd9ele5b2a725e186184cdc68ded731
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Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

XawunposaHue hannos

e X3LWW-YHKUMN BbIYNCNAIOT 3HAaYEeHne PUKCMpPoBaHHOW ANHbI N 6UT (Xaw) ans
[AaHHbIX NPON3BO/IbHON A/IVNHbI

« [nvHa xawa dmkcupoBaHa => 0TClo/la KOHEYHOE YMC0 3HAUYEHWI

» KonnuyectBo KOMOMHALNI BXOAHbIX AAHHbIX 6@CKOHEYHO => OTCtoa KOMN3un
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Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

XawunposaHue hannos
e XawWw-goyHKUMN
* KpunTtorpadomyeckme n Hekpuntorpadguyeckmne
° pasHble Mo CKoOpoCTH
° pasHble No g/nMHe xawa

° pasHble Mo KayecTBy pacnpeneneHus
° pasHble No YacToTe KONAn3uii
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Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

CpaBHeHue ckopoctn SHA1 n SHA256 B BenchmarkDotNet
Ha npoueccope 6e3 noaaepxku Intel SHA extensions

gs to hash 4KB array, w/o SHA256 support
100

® MD5
90 B SHA1
80 SHA256

70
60
50
40
30
20 —
10  emmme  emmmm _— —

1l HEE EI =E=

.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0

us

Intel Core i7 7700HQ 2.80GHz
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Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

us

60

50

40

30

20

10

CpaBHeHue ckopoctn SHA1 n SHA256 B BenchmarkDotNet
Ha npoueccope ¢ nogaepxkoi Intel SHA extensions

Js to hash 4KB array with SHA256 support

m SHA1

, N

.NET Fx 4.8

.NET 6.0

.NET 7.0

AMD Ryzen 5 5600U

Duplicate Files Search & Link

SHA256

SHA1 |SHA256| Ratio
.NET Fx 4.8 6,4 us | 59,3 us 923%
.NET 6.0 55us | 2,1pus 39%
.NET 7.0 54pus | 2,1ps 39%
.NET 8.0 54us | 2,1us 39%




Bbi6bop onTMMasibHOro asiropuTmMma XallnpoBaHus

Hekpuntorpaduueckuin xaw-anroputm XxHash128

PeanusosaH B nakete System.|O.Hashing 8.0 B 2023 roay

[loCcToOnHCTBA:
* CKopoCTb, onTumMusnposaH ana SSE2/AVX
* NnuHa 128 6uT = 16 Gant
*  HU3KNIN PENTUHT KOMNN3NIA
https://github.com/Cyan4973/xxHash/wiki/Collision-ratio-comparison

Algorithm Input Len | Nb Hashes | Expected | Nb Collisions Notes
MD5 low 64-bit 256|100 Gi 312.5 301|very long test : 58h !
XXH128 low 64-bit 256 (100 Gi 3125 314
XXH128 high 64-bit 512|100 Gi 3125 291
XXH128 1024|100 Gi 0.0 0
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https://github.com/Cyan4973/xxHash/wiki/Collision-ratio-comparison

Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

CpaBHeHue ckopoctn XxHash128 ¢ SHA1 n SHA256 B BenchmarkDotNet
Ha npoueccope 6e3 noaaepxku Intel SHA extensions

100

Js to hash 4KB array

90
80

70

60

50
40

us

30

20

10 -
.

.NET Fx 4.8

lplmial

.NET 6.0 .NET 7.0 .NET 8.0
Intel Core i7 7700HQ 2.80GHz
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H SHA1
SHA256
B XxHash128
SHA1 |SHA256 | XxHash128 | Ratio vs
SHA1
.NET Fx 4.8 10,2 ys| 98,2 us | 1,90 ps 5,4x
.NET 6.0 9,3US | 24,4 ps 1,30 us 7,2
.NET 7.0 9,4 s | 24,1 us 0,20 us 46,3X
.NET 8.0 88Ms | 22,6 us | 0,27 ps 32,9x
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Bbi6bop onTrMasibHOro aziroputmMma XalupoBaHus

CpaBHeHue ckopoctn XxHash128 ¢ SHA1 n SHA256 B BenchmarkDotNet
Ha npoueccope ¢ nogaepxkon Intel SHA extensions

us

60

50

40

30

20

10

Ms to hash 4KB array (CPU with Intel SHA extension)

B SHAL

SHA256
B XxHash128

.NET Fx 4.8

o ml mlm

.NET 6.0 .NET 7.0 .NET 8.0

AMD Ryzen 5 5600U

SHA1 |SHA256 | XxHash128| Ratio vs
SHA256
l - r .NET Fx 4.8 6,4 us| 59,3 us 1,04 ys
.NET 6.0 55Ms| 2,1 s 0,70 Ps 3,0x
.NET 7.0 54us| 2,1pus 0,16 us 13,2x
.NET 8.0 54us| 2,1us 0,19 ys 10,9x
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHMe X3W-3Ha4YeHI pasmepom 32 6anta Mmexay coooun
1. CpaBHeHue 64-6uTHbIMK crioBaM Yepes fixed-pointer *long

fixed (byte* pBufl = bufl, pBuf2 = buf2)
{
var pLongl
var plLong2

= (long*)pBufl;

= (long*)pBuf2;

return pLongl[3] == pLong2[3]

&& pLongl[2] == pLong2[2]
&& pLongl[1l] == pLong2[1]
&& pLongl[0] == pLong2[0];
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHUe X3l-3Ha4YeHU pasmepom 32 GanTta Mexay cooou

2. CpaBHeHue 64-6UTHbIMK cnoBam vyepe3 Span<long>

var spanl = bufl.AsSpan();
var span2 = buf2.AsSpan();
var intLongl = MemoryMarshal.Cast<byte, long>(spanl);
var intLong2 = MemoryMarshal.Cast<byte, long>(span2);
return intLongl[3] == intLong2[3] &&

intLongl[2] == intLong2[2] &&

intLongl[1] == intLong2[1] &&

intLongl[0] == intLong2[0];
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

MpsamMoin n oGpaTHbIN NOPAAOK CpaBHEHUSA 35IeMeHTOB Span<liong>

OGpartHbIit NOpsAA0K Mpsamoii nopsaaok O6paTHbIit NOPAA0K Mpsmoii nopsgok
shr ecx,3 shr ecx,3 cmp ecx,2 [2]
3
shr rled, 3 shr ried, 3 jbe short MO1_LO5
cmp ecx,3 test ecx,ecx [el(l3D) mov rax, [r8+8] mov rax, [r8+10h]
jbe short M@1_L05 je short MO1_L0O5 cmp ried,2 [2]
k]
mov rax, [r8+18h] mov rax, [r8] jbe short MO1 LO5S
cmp ried,3 test rlied,ried [01([3]) cmp rax, [r9+8] cmp rax, [r9+10h]
jbe short MO1_LO5 | je short Me1_Le5 jne short Me1_L62 | jne short Mol1_L@2
cmp rax, [r9+18h] cmp rax,[r9] cmp ecx,3 [3]
jne short MOl_L02 jne short Mel1l_L@2 jbe short MO1 L5
cmp ecx,1 [1] mov rax, [r8] mov rax, [r8+18h]
jbe short Mo1_L@5 cmp ried,3 [3]
3
mov rax, [r8+10h] mov rax, [r8+8] jbe short Mo1_L@5
cmp ried,1 [1] cmp rax,[r9] cmp rax, [r9+18h]
jbe short MO1_LO5 sete al sete al
cmp rax, [r9+1@h cmp ab ] movzx eax,al movzx eax,al
3 3
jne short MO1_L02 jne short MO1_L@2
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHUe X3l-3Ha4YeHU pasmepom 32 GanTta Mexay cooou

3. AVX- n SSE2-cpaBHeHue yepes Vector<byte>

if (Vector<byte>.Count == 32)

{
var vector2 = new Vector<byte>(buf2, 0);
var vectorl = new Vector<byte>(bufl, 0);
return vectorl == vector2;

}
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Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHUe X3l-3Ha4YeHU pasmepom 32 GanTta Mexay cooou

4. SequenceEqual (const 32)

var spanl = bufl.AsSpan(0, 32);
var span2 = buf2.AsSpan(0, 32);
return spanl.SequenceEqual(span2);

5. SequenceEqual (N)

var buflSpan = bufl.AsSpan(0, size);

var buf2Span = buf2.AsSpan(0, size);

var res = buflSpan.SequenceEqual(buf2Span);
return res;

Duplicate Files Search & Link



Hn3koypoBHEBbLIE ONTUMKU3ALNN CKOPOCTH

CpaBHeHUe X3l-3Ha4YeHU pasmepom 32 GanTta Mexay cooou

CpaBHeHne Bcex peanmsauui no ckopocty B BenchmarkDotNet
nanosecs to compare 32 bytes
30

25

m fixed *long

B Span<long>
Vector<byte>

B SequenceEqual (32)

B SequenceEqual (N)

ns

.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0
Intel Core i7 7700HQ 2.80GHz
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dansioBble onepawmm N MHOrONMOTOYHOCTh

Kakasa camasn «goporas»/meaneHHast cCuctemMHasi (pyHKUUA B
nporpamme?

CreateFile(..) - oTKpbITNE (hanna

* YTeHue ¢ Ancka aiiioBbiX aTpnudyToB MeTaaHHbIX U3 Tabnmy
* [lpoBepka npaB AOCTyna nosb3oBaTens

 Camasda pecypcoémkasn onepauus: nposepka aHTuBnpycom(!)
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dansioBble onepawmm N MHOrONMOTOYHOCTh

CpaBHeHue 63 000 channnoB B 1 NOTOK C aHTUBMPYCOM U Ge3

07:50
3anyck #1 c a/s 06:42 B O6mee Bpems

H CreateFile

04:38
04:00 M O6mee Bpems

3anyck #2 c a/s oe3 a/

M CreateFile

0e3 a/B
3anyck #3 ¢ a/s

3anyck #1 6e3 a/B 01:07

3anyck #2 6e3 a/B 00:27

00:02

1
00:00:00 00:01:00 00:02:00 00:03:00 00:04:00 00:05:00 00:06:00 00:07:00 00:08:00

4 MVHYTbI = B cpeaHeM ~4 Mmc Ha 1 cpaiin
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dansioBble onepawmm N MHOrONMOTOYHOCTh

OnTumusauumn cpannoBbix onepayui

1. CokpalleHne KonmyecTBa OTKPbITUIA chailoB

2. CoBMeLlleHMe cpaBHEHNSA C X3LWMPOBaHNEM

3. 3akpbiTne dpannoBbiX CTPUMOB NPOUCXOANT B JOHOBOM MOTOKE
4. MHoronoto4HocTb ana SSD n/nnun HesaBucumbix HDD
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MpupocTt oT MHOoronotouHocTu (4CI/8T) npu noncke ayonmkaroBs Ha SSD

7:50
B Oo6uiee Bpems
3anyck #1 c a/s 1 HI:TOK P
B O0uee Bpemst
8 moTokoB
3anyck #2 ¢ a/s
3anyck #3 ¢ a/s
[
00:00:00 00:01:00 00:02:00 00:03:00 00:04:00 00:05:00 00:06:00 00:07:00 00:08:00
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dansioBble onepawmm N MHOrONMOTOYHOCTh

3aZiaum Npy CUHXPOHU3aLUM A0CTyNa NOTOKOB K AUCKaM

Onpepnenntb, Kakne omsnyveckne ANCKN B cucteme aBnaoTca SSD, kakune
HDD, a kakue npounmm Hocutenamu (yepes WinAPI, WMI)

Onpeaenutb pasiesibl HocUTenen n HasHavyeHHble UM 6ykBbl (Yepe3 WMI)

O6ecneynTb CUHXPOHMU3ALINI0 OAHOBPEMEHHOTO A0CTYNAa C YYETOM TUNa
HocUTens
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daiinoBble onepauun 1 MHOrOMOTOYHOCTb

KTO 3HaeT, o114 Yero aTm MeTaJl/Inyeckme CTEPXKHN?
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dansioBble onepawmm N MHOrONMOTOYHOCTh

3710 Xe3nbl (tokens) cuctembl 6G/10KMPOBKM X/ O NneperoHa
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dansioBble onepawmm N MHOrONMOTOYHOCTh

PacnapannenuBaHue npu cpaBHeHuu channos
daiinbl rpynnupyoTcs Nno pasmepy

[pynnbl thainioB 04MHAKOBOIO pasmepa CpaBHUBAKOTCA napasifiesibHO Yepes
Parallel.ForEach()

OrpaHnyeHne AocTyna K HOCUTENSM PerympyeTcst yepes cemadopsl

Ha kaxkabii pu3ndecknit HocUTeNb BblAENAETCA OTAe/bHbIM cemadiop
(initialCount = 1 ana HDD unu CPU Count anga SSD)

Ha kaxgoe cpaBHeHMe hannoB BbiAAETCH TOKEH CO CCbISIKOW Ha cemadop,
KOTOpPbI 0CcBOGOXAaeT 6/10KMPOBKY(1) nocne cpaBHEHUS
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dansioBble onepawmm N MHOrONMOTOYHOCTh

PacnapannenuBaHue npu cpaBHeHUn hannios
Cemadopbl 1 TOKEHbI NPY 06paLLEHNN K ANCKAM

C:
D:

6(8

X:\...\Filed.mp4 H—__

0(1)7

-------------------------------------

- X:\...\File6.zip Ec?@@mg%
Seesenssanenesannnsnnnsannnanannnnnas i
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file:///X:/
file:///X:/
file:///C:/
file:///C:/

dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe peKypcuBHOE CKaHUPOBaHWE KaTa/loroB
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe PeKypcMBHOE CKAHMPOBaHUE KaTanoroB

internal sealed class InterlockedInt
{

private int _value;

public int Value => _value;

public InterlockedInt(int initValue)
{

}

_value = initValue;

public int Inc() => Interlocked.Increment(ref _value);
public int Dec() => Interlocked.Decrement(ref _value);

public int Add(int val) => Interlocked.Add(ref _value, val);
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe PeKypcMBHOE CKAHMPOBaHUE KaTanoroB

// Scan start

int maxDegreeOfParallelism = 1;
if (searchSettings.SelectedProfile.IsScanParallelismAvailable)

{

var driveLock = _driveAccessManager.GetDriveAccessSemaphore(rootFolder);
maxDegreeOfParallelism = drivelLock.MaxDegreeOfParallelism;

}

var counter = new InterlockedInt(maxDegreeOfParallelism);

// Enter into the root folder
ScanPath(rootFolder, recursive, searchSettings, counter);
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe PeKypcMBHOE CKAHMPOBaHUE KaTanoroB

private void ScanPathInternTaskEnter(AbsolutePath path, .., InterlockedInt counter)
{

counter.Dec();

/...

try
{

}
finally
{

}

ScanPathIntern2(path, recursive, searchSettings, files, counter);

counter.Inc();
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe PeKypcMBHOE CKAHMPOBaHUE KaTanoroB

// 3pecb nepeyucnenue ainoB M KaTanoroe
try

{

availableDegreeOfParallelism = Math.Max(1, counter.Inc());

var parallelOptions = new ParallelOptions {
MaxDegreeOfParallelism = availableDegreeOfParallelism
3

Parallel.ForEach(subDirectories, parallelOptions, subDir =>

{

ScanPathInternTaskEnter(subDir, true, searchSettings, counter);

});
}
finally
{
counter.Dec();
}
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe PeKypcMBHOE CKAHMPOBaHUE KaTanoroB

private void ScanPathInternTaskEnter(AbsolutePath path, .., InterlockedInt counter)
{

counter.Dec();

/...

try
{

}
finally
{

}

ScanPathIntern2(path, recursive, searchSettings, files, counter);

counter.Inc();
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dansioBble onepawmm N MHOrONMOTOYHOCTh

MapannensHoe PeKypcMBHOE CKAHMPOBaHUE KaTa/lioroB

Parallel.ForEach + MaxDegreeOfParallelism + Interlocked-cuéTtumk
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SPPeKkTUBHOE 1NCNOoSIb30BaHKUE NnamaTu

NMpo6GnemaTuka

COTHM TbICAY, AaxXe MUIMOHbBI dan/1oB Ha ANCKax rnonb3oBarenemn
OrpaHnyeHHoe KOSIM4ecTBO CBOOOAHOM NaMATH Ha KOMMbIOTEPE MOMb30BaTeNs
NHdopmaumsa o Bcex HanaeHHbIX paniax B naMAaTy NporpamMmebl

=> OutMemoryException
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OhheKkTnBHOE NCNOMb30BaAHNE NAMSTY

UTO 06Lero B 3TUX CTpoKax?
"c:\Program Files\Microsoft Visual Studio\2022\Community\Common7\IDE\ProjectTemplates"
"c:\Program Files\Microsoft Visual Studio\2022\Community\Common7\IDE\PublicAssemblies"

"c:\Program Files\Microsoft Visual Studio\2022\Community\Common7\IDE\ReferenceAssemblies"
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OhheKkTnBHOE NCNOMb30BaAHNE NAMSTY

OO6Lee Hayano CTPOKU NYTU => U30bITOYHOCTD.
"c:\Program Files\Microsoft Visual Studio\2022\Community\Common7\IDE\ProjectTemplates"
"c:\Program Files\Microsoft Visual Studio\2022\Community\Common7\IDE\PublicAssemblies"

"c:\Program Files\Microsoft Visual Studio\2022\Community\Common7\IDE\ReferenceAssemblies"
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SPPeKkTUBHOE 1NCNOoSIb30BaHKUE NnamaTu

PeweHune — knacc AbsolutePath

internal class AbsolutePath : IEquatable<AbsolutePath>, IComparable<AbsolutePath>
{
public AbsolutePath? Parent { get; }

public string Name { get; }
public int Length => GetLength();

public int Levels => GetLevels();

/...

public AbsolutePath(string name, AbsolutePath? parent)
{

parent;

Parent =
= GetSharedName(name ?? string.Empty);

Name
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OhheKkTnBHOE NCNOMb30BaAHNE NAMSTY

Knacc AbsolutePath

CBSI3HbIli CINCOK Y3/10B /151 OAHOTO NyTU, AEPEBO A/ MHOXECTBa NyTel

Program Microsoft

CV "1 Files Visual Studio

<“— ... <«— Common7 IDE ProjectTemplates

PublicAssemblies
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OhheKkTnBHOE NCNOMb30BaAHNE NAMSTY

Q Hekotopble HegocTtaTkun AbsolutePath vs string

* HyXHo BblAeNATb BPEMEHHYI CTPOKY A1 WInApi-thyHKUMIA

* [nHamunyeckoe BblUMCeHNEe ASINHbI CTPOK
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SPPeKkTUBHOE 1NCNOoSIb30BaHKUE NnamaTu

Q} MpenmyuwiectBa AbsolutePath vs string

* Crtporaa Tunmnsaunsa
* KVcnonb3yert 3HaunTe/IbHO MeHbLUIE NaMATh NPy 60MbLIOM KonnvecTBe dpaniioB
* CcCbl/IKM Ha UMS, POAUTENLCKNIA U KOPHEBOW KaTasiorn npsiMo B CNUCKe

* CTpOK/M 0AMHaAKOBbIX MMEH KatanoroB v dpannoB He AyonupytoTca (NOAMEHSAKTCA Yyepes
cnoBapb 06WMX NMEH)

* [lyTn cpaBHMBAKOTCA Ha PpaBEHCTBO MeXAy COO0M ObICTpee, YEM CTPOKK
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SPPeKkTUBHOE 1NCNOoSIb30BaHKUE NnamaTu

G MpenmyuwectBa AbsolutePath vs string

CpaBHeHMe Ha paBEeHCTBO ABYX TakuUX I'IyTeVI
"c:\Program Files\Microsoft Visual Studiol2022\Community\Common7\Packages\00098"
"c:\Program Files\Microsoft Visual Studiol\2022\Community\Common7\Packages\00099"

B BenchmarkDotNet Ha .NET 8.0
» string.Equals(OrdinallgnoreCase): 48 HC

» AbsolutePath.EqualsignoreCase: 2 HC
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SPPeKkTUBHOE 1NCNOoSIb30BaHKUE NnamaTu

G MpenmyuwiectBa AbsolutePath vs string

 HacnepnosaHue: AbsolutePathDriveRoot - 6bICTpoe nonyyeHne nHgropmaumm o
KOPHEBOW narike n ToMe no nyTu.

internal sealed class AbsolutePathDriveRoot : AbsolutePath
{

public override string FileSystemName { get; }

public override Win32.FileSystemFlags FileSystemFlags { get; }
public override DriveType DriveType { get; }

public override string VolumeName { get; }

public override bool IsOnSsd { get; set; }

public override uint SectorSize { get; }
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SPPeKkTUBHOE 1NCNOoSIb30BaHKUE NnamaTu

G MpenmyuwiectBa AbsolutePath vs string

* HacneposaHue: AbsolutePathSymlinkPoint - BCcTpoeHHas noanepka CUMBO/bHbIX
CCbI/10K

internal sealed class AbsolutePathSymlinkPoint : AbsolutePath
{

public AbsolutePath SymlinkTarget { get; }

public override AbsolutePath FinalPath => SymlinkTarget;

public override bool IsSymlink => true;

public override bool IsSymlinkPoint => true;

public AbsolutePathSymlinkPoint(string name, AbsolutePath? parent, AbsolutePath symlinkTarget) :
{
}

base(name, parent)

SymlinkTarget = symlinkTarget;
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PP eKTUBHOE 1UCNO/Ib30BaHUE NamATn

ArrayPool<T>

BmecTto ctatnyeckoro ceonictBa ArrayPool<byte>.Shared s ncnonbsyio 1
pasaensemblin ak3emnnisap ArrayPool<byte>.Create()

MpeunmywectBa aksemnnaapa ArrayPool<byte>.Create()
* MeHbllLe CyMMapHbI 06BbEM NamMATH, BblAeNEHHON HA MacCuUBbI
* [lo3BonseT 0cBOOOAMTL CChINIKY Ha BblAENEHHYHO NaMATb NOC/IE UCNO/b30BaHNSA

* B mMoux cueHapuax ckopocTtb ognHakoBa Ha .NET 8.0, Ho peanusauma yepes Create()
obicTpee Ha .NET Fx 4.8
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PP eKTUBHOE 1UCNO/Ib30BaHUE NamATn

ListPool<T>

XpaHuT List<T>, kak u ArrayPool<T> ncnonb3yetcs 47151 yMeHblleHus1 Tpadmka
namsaTy

internal sealed class ListPool<T>

{

public static int MaxCount { get; set; } = Math.Max(32, Environment.ProcessorCount * 2);

public static ListPool<T> Shared { get; } = new ();

private ConcurrentBag<List<T>> _listContainer = new ;

private int _countInContainer = 0;

[ThreadStatic] private static List<T>?[]? _slot;

private static List<T>?[] CacheSlot { ...}
public List<T> Rent() { .. }

public void Return(ref List<T>? listRef) { .. }
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

Rent() - apeHaa

// Read from ConcurrentBag
if (_countInContainer > 0 && _listContainer.TryTake(out list))
{

Interlocked.Decrement(ref _countInContainer);

return list;

}

return new List<T>();
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

Rent() - apeHaa

var slot = CacheSlot; // <= Read from TLS (threal local storage)
var list = slot[0];

if (list is not null)

{

slot[0] = null;
return list;

}

// Read from ConcurrentBa

return new List<T>();
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

Rent() - apeHaa

var slot = CacheSlot; // <= Read from TLS (threal local storage)
var list = slot[0];
if (list is not null)
{
slot[0] = null;
return list;

}

// Read from ConcurrentBag
if (_countInContainer > 0 && _listContainer.TryTake(out list))
{

Interlocked.Decrement(ref _countInContainer);

return list;

}
return Aew List<T=()]
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

Return() - Bo3Bpar

var list = listRef;
listRef = null;
if (list is null || _countInContainer >= MaxCount) { return; }

list.Clear();

if (_countInContainer < MaxCount)

{
_listContainer.Add(list);

Interlocked.Increment(ref _countInContainer);
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

Return() - Bo3Bpar

var list = listRef;
listRef = null;
if (list is null || _countInContainer >= MaxCount) { return; }

list.Clear();

var slot = CacheSlot; // <= Read from TLS (threal local storage)
if (slot[0] is null)
{

slot[0] = list;

return;
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

[ThreadStatic] private static List<T>?[]? Lslot;

private static List<T>?[] CacheSlot

{
get
{
var slot = _slot;
// Write to TLS (threal local storage)
if (slot is null) { _slot = slot = new List<T>[1]; }
return slot;
}
}
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

RentedListWrapper<T>

internal struct RentedListlWrapper<T> : IDisposable
{
private List<T>? _rentedList;
public List<T> List => _rentedList ?? new List<T>();

public RentedListWrapper(List<T> cachedList)

{
_rentedlList = cachedList;
}
public void Dispose()
{
ListPool<T>.Shared.Return(ref _rentedList);
}

}

using var wrappedList = ListPool<FileNameSize>.Shared.RentWrapped();
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PP eKTUBHOE 1UCNO/Ib30BaHUE NamATn

ListPool<T>

BeHumapk ckopocTu ListPool<T>.Rent() vs new List<T>() (ana 1 cnucka c gobaBneHnem 6-tu
00BLEKTOB B KaX/blil CMNCOK)

140
B Rent ListPool<T> (1)
120 B new List<T> (1)
100
80
[%2)
< 60 3 -
ListPool<T>| Alloc new List<T> | Alloc
(1) (1)
40
20 .NET Fx 4.8 124,8 ns 0 112,3ns|185B
.NET 6.0 78,7 ns 0 96,4ns (176 b
0 .NET 7.0 85,9 ns 0 92,3ns (176 b
.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0 .NET 8.0 40,9 ns 0 73,7ns| 176 b

Intel Core i7 7700HQ 2.80GHz
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PP eKTUBHOE 1UCNO/Ib30BaHUE NamATn

ListPool<T>

BeHumapk ckopocTu ListPool<T>.Rent() vs new List<T>() (ans 2 cnnckoB ¢ go6aBrieHneM 6-Tu
00BLEKTOB B K&XX[bli CINCOK)

400
350 B Rent ListPool<T> (2)
50 - .
M new List<T> (2)
300 -
250 -
2 200 -
ListPool<T>| Alloc new List<T> | Alloc
150 (2) (2)
100 NET Fx 4.8 3783ns| 0 199,1 ns | 369 B
50 .NET 6.0 233,1ns 0 164,9ns| 3526
.NET 7.0 264,8 ns 0 173,9ns|3526
0 .NET 8.0 1427 ns 0 149,7ns| 3526

.NET Fx 4.8 .NET 6.0 .NET 7.0 .NET 8.0

Intel Core i7 7700HQ 2.80GHz
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

ListPool<T>

BbigeneHune namaTtu ListPool<T>.Rent() vs new List<T>() ana 1 n 2 cnuckos ¢ go6asneHnem 6-
TV 06BHLEKTOB B CNUCOK

400

350 —

300 —

250 —

200 B Rent ListPoo<T> (1)
B new List<T> (1)

150 - . new List<T> (2)
100 - ||
50 ||
0 ‘ ‘ ‘

.NETFx 4.8 .NET®6.0 .NET 7.0 .NET 8.0
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SPEKTUBHOE UCNOIb30BaHNE NaMATH

StringBuilderPool

XpaHut StringBuilder, aHanornyeH ListPool<T>

internal sealed class StringBuilderPool

{
public static int MaxCount { get; set; } = 32;
public static StringBuilderPool Shared { get; private set; } = new StringBuilderPool();

private int _countInContainer;

private ConcurrentBag<StringBuilder> _stringBuilders = new (;
[ThreadStatic] private static StringBuilder?[] _slot;

private static StringBuilder?[] CacheSlot{ .. }
public StringBuilder Rent() { .. }

public void Return(StringBuilder? sb){ .. }
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3ak/irouyeHue

KoMn/ieKCHbIN MPUPOCT OT BCEX ONTMMM3ALMIA pa3HbIX BEPCUIA

00:00:43

00:00:38

00:00:34

00:00:30 -

00:00:25 - 5.3

00:00:21 m6.0.X
o 8.0.x

00:00:17 m9.0.X

m10.5

00:00:12

00:00:08

00:00:04

00:00:00
1 thread 8 thread
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3ak/irouyeHue

BbiBOAbI

* Wcnonb3yinte XxHash128 nna xawmpoBaHma AaHHbIX, KOrga Hy>XeH ObICTPbIN
X3LU, CTOMKNIA K KONTN3NAM

* lcnonb3yinte MemoryExtensions.SequenceEqual ans cpaBHeHUs1 6alTOBbIX
MaccuBOB 00/bLUON A/MHbI

* Vector<byte> orpaHnyeHHO NPUMEHUM A9 ONTUMU3ALNIA HA3KOTO YPOBHS
ornepauunii ¢ maccmBamu

* lcnonb3yiTe nynbl 06bEKTOB Kak ListPool<T>, uTobbl pexe BblAENATb NaMATb
npu paboTe co crnmckamu

*  TBOPYECKUI N KpeaTUBHbLIN NOAXOM K NMPOrpaMMUPOBaHUIO AenaeT paboTy
VHTEPECHEN, a nporpamMmsbl GbiCcTpee )
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Cnacunboo 3a BHumMmaHue!

Bonpocbl?
KoHTaKTbI:
email: yurymalich@yandex.ru
€ @Yury Malich
web:  http://www.malich.org/duplicate_searcher Zﬂ =

XING: https://www.xing.com/profile/Yury Malich

() GitHub  https://github.com/ymalich

https://github.com/ymalich/ObjectPools/
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https://github.com/ymalich
https://www.xing.com/profile/Yury_Malich
https://github.com/ymalich/ObjectPools/
mailto:yurymalich@yandex.ru
https://t.me/Yury_Malich
http://www.malich.org/duplicate_searcher
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