HOonrmn nytb K 100k RPS

Kak mbl xotenu obbirpate MS SQL Ha ero xe none

Anatoly Zhmur
Senior Technical Architect
Broadridge Financial Solution



O 4yeM Mbl He DyOeT roBoOpuTh

Latency focused soft real-time

Kernel bypass (DPDK etc)
Infinibband/RDMA/RoCE

3abupaHune agep (core) y aapa (kernel)
OtknoveHne GC

CobcTBeEHHAdA Moaerib aCUHXPOHHOCTU



Haluun orpaHnyeHmns

be3 HaTMBHOro Koga

UyTb-4yTb unsafe

Async ppeHanu

Ha nybnnyHbix 6ubnmoTtekax HaCKoONbKO 3TO BO3MOXKHO



Halla npuknagHasa 3agada



Hawwun naHHble

CnpaBoyHaga nHgopmauma no LeHHbiM bymaram (no-aHrmmnuckumn Security)
[onroxmneyLumne n peako meHsitowmeca oobekTbl (1-3% exeaHeBHO)
Cambiv 6onbLlion noctaBLwmk ~10 MnH.

Security (ueHHaa bymara) eauHcTBeHHbIN Aggregation Root

Mexay HAMW MHOTO CBSA3eU

[ecaTkn cenekTUBHbIX MHOEKCOB N CTOSTbKO XKe HECENEKTUBHbIX



PenaumoHHbin noaxon (v1)

16 neT NpoayKTy

O6bem B[] 50-250 GiB ¢ HebonbLLon nctopmen

TpeTbs HopManbHasa doopma

450 Tabnnyek

bbicTpas BbIrpy3ka npon3BonbHOro Habopa AaHHbIX ANns Bcex bymar
Hopmanusaumsa nsmeHeHum cnpaBo4HUKOB U T.1.

CxoguTtb 3a ogHon Bymaron uernmkom ~55 cenektoB (be3 yyeTa
CNpPaBOYHNKOB, OHM 3aK3LLNPOBAHbI)

e MS SQL Server vendor lock-in. Murpuposatb Ha gpyryto B[l - HepeanbHo.



[JoKkyMeHTHbIN noaxon (v2)

S neT NpoayKTy

BbicTpas Bbirpy3ka MHopmauum no nodon dymare Lenukom (2 cenekra)
MeHbwe Harpyska Ha Bl (nuueHsnn MS SQL Server aTo o4eHb 40OpPOro)

Kneet Tak e Ha 6becnnatHom Postgresql

TpaH3akuMOHHOCTb Ha ypoBHe Aggregation Root

MOoXXHO He orpaHnvmBaTb cebsa Tak CTPOro CXemMomn

[leHopMmannaoBaHHble AOKYMEHTbI YAOOHbI 4S5l UHTEerpaummn ¢ yaaneHHbIMU CUcTeEMamu
UTOo6bl NOCMOTPETL Ha OAHO rosne BdymMarn Hy>XHO U3BMeYb ee LeSIMKOM, a TaK Xe
pas3aTtb 1 gecepunanmsosats DOM

[Mpn GET onepauusix cepBep He AecepuanmayeT cCogepXnumoe, a NpocTo KonmpyeT
6no6 n3 b1 B Http

3aHMMaeT MeHbLUe MecTa Ha gucKe (Kak HU CTpaHHO!)



[Tpmep geHopMann3oBaHHbIX JaHHbIX N0 Security

DagarId: 1487354
Name: TWD1@
SecClass: EQ
SecType:
code: EQTY
SecMasterID: 50
Description: Equity
Multiplier: 1.000
LegalEntity:
Id:
SecMasterId: 160225
Name: MITAC HOLDINGS CORPORATION
Description: MITAC HOLDINGS CORPORATION
Country:
code: TW
Description: TAIWAN
CountryIso2Code: TW
CountryIso3Code: TWN
Region:
code: 2
SecMasterID: 2
Description: Asia
IsBankruptcy: !!bool False
IsAcquired: !!bool False
LegalEntityID: !!int 160225
Codes:
- StartDate: !!timestamp 2019-87-31T700:00:00.0200080Z
IssuerId: !!long 150010424
CodeTvpe:



HeoxnoaHHas 3agada (v3)

e [lomKHO BbITb TONBLKO AesnbThl Kaxabin aeHb (1-5% 6ymar)

e OObI4YHO BEHAOOP HE MOXET OTAATb BCE AaHHbIE 3a pas3s

e bnymbGepr 6ank Hanpumep TpebyeT Hedernto Ha NOSTHYK NHULManNu3auuio, a
NOTOM OTAAET TOSIbKO AENbTbI

e Ho y Hac xoTaT Bce gaHHble kKaxabin AeHb (4 min / 1k RPS = 1 hour)

e | TyT pensunoHHas bl pabotaeT cunbHO nydiue



[Opu30HTarnbHaa macwTabnpyemocTtb

ABTOMaTM3aUUA Kak NpaBuno goporas (M B Noadax, U B xernese) n nogxoant ans 6onbLlumMx KomaHa

Bo3bmem komnanuto Uber

576 cTtoek

Mo 42 oHKnTa

Ha ogHoro IT cneynanucrta 2-4 oHuTa

14 MNH noe3nokK B AeHb

2.5 MyHyTbI 1u cepBepa Ha Noesaky

Ana cpaBHeHns 200 cekyH komnunupyetca LLVM Ha 3950x
https://blog.packagecloud.io/eng/2015/09/15/automacon-infrastructure-as-code-might-be-literally-impossible/
https://github.com/hjacobs/kubernetes-failure-stories

Ben Sandofsky @ @sanc

Aleksey Shipilév
Uber in 2016: “We have thousands of microservices.” y P

Everyone: “That sounds insane.” i’ Q: Yto aenaet gesenonep, Korjga eMy Heuero genarb?
A: JlnxeT KybepHeTtec.

Uber in 2020: “It turns out that was insane.”



https://blog.packagecloud.io/eng/2015/09/15/automacon-infrastructure-as-code-might-be-literally-impossible/
https://github.com/hjacobs/kubernetes-failure-stories

A ckonbko BoobLe MmoxxHo RPS?



Ckonbko RPS? (i5-9600K CPU 3.70GHz)

[Benchmark(OperationsPerInvoke = Iterations, Baseline = true)]
public void MethodCall()

C.Add(Int32, Int32)

{ lea
var k= 1; ret
for (int 1 = @; i < Iterations; ++i)

C.MethodCall()

{ xor
k = Add(k, 1); xor

} inc
inc

i cmp

eax,

eax,
edx,
eax
edx
edx,

j1l short

E i : : v
public int Add(int I1, int I2) => I1 + I2; e

[rdx+r8]

eax
edx

ox64
Looo4



A Tak?

C.Add(Int32, Int32)
lea eax, [rdx+r8]
ret

C.MethodCall()

[MethodImpl(MethodImplOptions.NoInlining)] push rdi
public int AddNoInlining(int I1, int I2) => I1 + I2; RS

mov rsi, rcx
xor edx, edx
xor edi, edi
mov rcx, rsi
mov r8d, 1
call C.Add(Int32, Int32)
mov edx, eax
inc edi

cmp edi, ox64
j1 short Leeed
add rsp, ©6x28
pop rsi

pop rdi

ret




[obasum He annouupyrowmn ValueTask 6e3 aBenTtepa

[Benchmark(OperationsPerInvoke = Iterations)]

public void ValueTask()

{
varski= 13
for (int 1 = ©; i1 < Iterations; ++i)
{
k = AddValueTask(k, 1).GetAwaiter().GetResult();
¥
h

public ValueTask<int> AddValueTask(int I1, int I2) => new ValueTask<int>(I1 + I2);



A Tenepb ¢c aBENTOPOM HO De3 oXXnaaHus

[Benchmark(OperationsPerInvoke = Iterations)]
public void ValueTaskAsync()

{
var .ki= 1;
for (int 1 = @; i < Iterations; ++i)
1
k = AddValueTaskAsync(k, 1).GetAwaiter().GetResult();
¥
¥

public async ValueTask<int> AddValueTaskAsync(int I1, int I2) => I1 + I2;



A Tenepb C UcnonbL3oBaHNEM aBenTepa

[Benchmark(OperationsPerInvoke = Iterations)]
public async Task ValueTaskAsyncAwait()
{
vap k= 33
for (int 1 = @; i < Iterations; ++i)
{
k = await AddValueTaskAsync(k, 1);

¥



A Tenepsb c yield

[Benchmark(OperationsPerInvoke = Iterations)]
public async Task ValueTaskAsyncAwaitYield()

{
var k = 1;
for (int 1 = @; i < Iterations; ++i)
{
k = await AddValueTaskAsyncWithYield(k, 1);
¥
Ly

public async ValueTask<int>» AddValueTaskAsyncWithYield(int I1, int I2)

{
await Task.Yield();

return I1 + I2;



A Tenepsb c yield u Run gna knnueHTa n cepeepa

public async ValueTask<int> AddValueTaskWithYieldAndRun(int I1, int I2)

{
await Task.Yield();
return await Task.Run<int>(() => I1 + I2);



Pe3ynbrarthl

MethodCall
MethodCallNoInlining
ValueTask

ValueTaskAsync
ValueTaskAsyncAwait
ValueTaskAsyncAwaitYield
ValueTaskAsyncAwait2Yield
SerialDirectConnection

2,051,524,495.
617,139,293.
149,887,678.
64,792,336.
62,900,127.
1,345,582.
717,731,
4,167,566.

1

0.
0.
0.
0.
0.
3
B
2

ONNODOOWO

[smxok LMDB — ocobeHHbIn 4emnuoH / JleoHna KOpbeB: htips://www.youtube.com/watch?v=5DDElyfwORU



https://www.youtube.com/watch?v=5DDEIyfw0RU

Techempower benchmark (Xeon 5120 14/28 cores)

Rnk Framework
1 m hyper
2 M tokio-minihttp
3 W ulib-plaintext fit
4 M actix
5 mulib
6 M libreactor

7 M actix-raw

8 W atreugo-prefork

9 W firenio-http-lite
10 M aspcore

11 m aspcore-rhix

PS 3710 2019 roa. B 2020 pesynbraThl ynanu - nenoToH onyctuncs ao 95%, aspnet core

Best plaintext responses per second, Dell R440 Xeon Gold + 10 GbE (352 tests)
Best performance (higher is better)

7,007,513 == 100.0%
7,006,181 100.0%
7,004,608 | 100.0%

7,000,911 | ©.0 %
6,998,172 | ©9.9%
6,997,422 | ©°.9 %
6,996,104 | T 99 .8 %
6,995,436 I 99.8%
6,994,544 |, 998 %
6,993,704 | I 5.8 %
6,990,400 | 9.8 %
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nogHsancs. Noxoxe Ha CUCTEMHbIE OLLUNOKM N3MEPEHUIN C MUCTUKON a la microcode update.

NEIFIFIE|R|E|Z|E|R|E|E =



Nctopua AspNet B Techempower benchmark

125%
@ Best of AspNet as percentage to the winner in plaintext category

.Net core 2.2 .Net core 3
100%
75% .Net.core 2
50%
.Net core 1
25%

.Net framework, 11S

0%
2014-01-01 2015-01-01 2016-01-01 2017-01-01 2018-01-01 2019-01-01




In cloud

Rnk Framework
1 M libreactor
2 mulib
3 M firenio-http-lite
4 W actix-raw
5 M may-minihttp
6 M rapidoid-http-fast
7 M aspcore-rhtx
8 M rapidoid
9 M fasthttp
10 M actix
11 m fasthttp-prefork
12 m tokio-minihttp
13 W thruster
14 m firenio
15 M aspcore-corert
16 W ulib-plaintext fit
17 W hyper
18 W aspcore

Best plaintext responses per second, Azure D3v2 instances (357 tests)

Best performance (higher is better)

1,867,993 [ 1 00.0%
1,840,330 |15 © 8.5 %
1,783,473 |, 5.5 %
1,602,691 | 3 5.8 %
1,432,086 | T, 7 6.7 %

1,416,940 |, 7 5.9 %

1,408,028 [ /5.4 %

1,322,997 |, / 0.8 %

1,219,876 | 5.3 %

1,213,329 [N 6 5.0%

1,174,978 62.9%

1,172,341 [ 2.8 %

1,143,768 [N (1.2 9%

1,132,397 I 0.6 %

1,126,962 | 0.3 %

1,114,632 |, 597 %

1,097,029 [ 5 3.7 %

1,094,547 [ 5 8.6%

Errors Cls
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AX 3TOT nanninamHUHr

He ncnonb3yetcs B peanbHOM Mupe

head of line blocking

A Tak e riomaeTcs OT reverse proxy

3aMeHeH MynbTunnekcnpoBaHmem B http2

Ero ncnonbsosanun B JaHHOM TeCTe UCKMOYNTENBHO AN HaayBaTeNnbLCTBa
pesynsTaTtoB B OyKBanbHOM CMbICI1e 3TOro crioBa

e Tenepb Bce ynupaetca B kaHan 10 Gbit

® htips://deavid.wordpress.com/2019/10/06/http-pipelining-is-useless/



https://deavid.wordpress.com/2019/10/06/http-pipelining-is-useless/

[TocynTaem 4YTO B Utore

/min /16 = 436k RPS (ceTteBblx)

436k/14 = 31k RPS per Core (Server only)

KnneHT ecT CTONLKO Xe npumepHo, nonydvaem 15k RPS per Core
Ho pekBecTbl oMeHb borbLUne



CpaBHeHne RPS Ha npuMUTUBHbIX 3anpocax

i5-9600K CPU 3.70GHz, 6 cores, no HT, server + client, 100% CPU load

50 41 49.5

Kestrel+Json Kestrel[+MVC+Json Grpc+NetClient Redis ST (40% CPU) Redis MT Homemade RPC

B Thousands request per second

PS Mol noxepTtBoBanu Latency pagu Throughput! lobasnsietca rge-10 3 ms.



1. CeTeBOM NPOTOKOS



Http2

e Cosgatenu npoTokona 3abbinu NpPo peBepc NPOKCHU

e CepBepHbin nyw B Kestrel n HttpClient Tak n He 3anununu

e XoTenu caenarb BKIHOYEHHbIM No ymonyaHuto B 3.0, Ho npuwen CtuBeH Tayb
N BCE OTMEHWUI

e ECTb euwle MHOro nogen B MHTEpPHeTax, KOTOPble COMHEBAKTCA B MOSIE3HOCTH
http2 ons RPC cueHapues

e Upgrade 3aronosok ans http2 HUKTO He nogaepxan, B UTOr0O OH COBMECTUM C
http1.1 Tonbko Yepe3 ALPN, kotopbin Yactb TLS

e [lna HewmndposaHHoro http2 (h2c) HeT Bpay3epHOU NoaaepPKKU

e Hawun pesynsraTthl NPOTUBOPEYMBLI - MHOIAA Nyylle, MHorga Xyxxe

e Techempower TecTbl Ha http1.1



QUIC

PewaeT npobrnemy ¢ nAoxmmMmmn ceTamm

[Mepenayva Bnageo nosepx UDP oT oaHOKaCCHUKOB:
https://www.youtube.com/watch?v=aXxXYJlizk3CQ

UDP menneHHee B aape yem TCP (BHe3anHo)

Ona RPC cueHapusa noBepx XOpoLIn CeETEN He XanTe 0cobbiX NPenMyLLECTB
[Mpo npobnembl QUIC: https://www.youtube.com/watch?v=6G2v5ni4VP0O
“kutanckuin” QUIC: https://improbable.io/blog/kcp-a-new-low-latency-secure-network-stack

https://blog.cloudflare.com/accelerating-udp-packet-transmission-for-quic/



https://www.youtube.com/watch?v=aXYJlizk3CQ
https://www.youtube.com/watch?v=6G2v5ni4VP0
https://improbable.io/blog/kcp-a-new-low-latency-secure-network-stack
https://blog.cloudflare.com/accelerating-udp-packet-transmission-for-quic/

GRPC

Protobuf + Http2

Bonbwe yem RPC (Streaming)

MNoonepxaH Ha MHOrMX Nnatgopmax

GrpcCore - HaTuBHas 6ubnuoTteka (CBOsS peanua3aums KnneHTa u cepsepa http2)

['yrnosas protobuf nnuba yxacHa (kogoreHepauns v T.n.)

James Newton-King (aa-ga, Tot cambin!) nunnt managed peanusaumio 6e3 GrpcCore:

https://qithub.com/grpc/grpc-dotnet

e Marc Gravell nbiTaetcsa nepegenartb € ryrnosoro npotodyda Ha protobuf-net:
https://github.com/protobuf-net/protobuf-net.Grpc

e EcTtb Bonee gpyxectBeHHas (+ Unity), HO HM C keM He coBMecTUMada peanudaunmmn ot Yoshifumi

Kawai (neucc): https://qgithub.com/Cysharp/MagicOnion



https://github.com/grpc/grpc-dotnet
https://github.com/protobuf-net/protobuf-net.Grpc
https://github.com/Cysharp/MagicOnion

.net Grpc performance hype

5@ James Newton-King 2 « esNK - Apr 30

A .NET 5 gRPC benchmark numbers gRPC on is fast @

Filter Legend GrpcUnary-Streams-h2lo... @ GrpcUnary-Streams-..

.NET Core

/
MM o

Grpc.Core




Real .net GRPC performance (32 core client to 32 core server)?

Grpc-dotnet/Grpc.Core: 2-4 network syscall Ha ogHO coobuieHne

1,000,000

—— C++ Async
— Java Async
/ . . A Go Sync
750,000 —— e — Csharp Async
%)
Q
S 500,000
250,000
0

Apr 29, 2020 May 6, 2020 May 13, 2020 May 20, 2020



Ha3aa K ocHoBaM - COKETHI

Posix/BSD cokeTbl B unix

Ha camom gene Bce Ncrnonb3yoT paclumMpenns, oHn ceom B linux, *bsd, macos, etc

B Windows NT acuHxpoHHble IOCP (1993)

dopmanbHo AlO gaBHo 6bin B Posix, HO B NMUHYKCe peann3oBann nogesnky

B nuHykce coBceM HegaBHO (5.4) NOSABUNCS MOSTHOLEHHbIN aCUHXPOHHLIN 1O

Yxe ecTb aKkcnepumMeHTanbHbl TpaHcnopT ans Kestrel: https://github.com/tkp1n/loUring. Transport
On v5.7, io_uring delivers 23% more throughput and 74% less latency than the current
TechEmpower chart-topper “aspcore-rhtx” (aTo Ha nnowaake aBTopa, HanoMUHato, Ha NNnowaake
TechEmpower Bce yxe ynepriock B kaHan): https://ndportmann.com/io_uring-preview-release/
OGbl4HO ceTeBble NPOrpaMMUCTbI HA KOHUKCE He YMET (M He XOTAT) NpaBuiibHO UCMONb30BaTh
Windows cokeTbl

Kak npumep nginx Tak u He cmor otpennantca Ha Windows

BoamoxxHo 310 06bsicHsieT npoan GRPC core B .Net

Ho He ob6bscHsaeT nposan grpc-dotnet



https://github.com/tkp1n/IoUring.Transport
https://ndportmann.com/io_uring-preview-release/

[Ipnmep ¢ cokeTamu

public static async Task StartClient()

{
var client = new TcpClient();
await client.ConnectAsync(IPAddress.Loopback, 2222);
var watch = Stopwatch.StartNew();
var buffer = new byte[blockSize];
for (int 1 = ©; i < iterationCount; ++i)
{
await client.Client.SendAsync(buffer.AsMemory(@, blockSize), SocketFlags.None);
await client.Client.ReceiveAsync(buffer, SocketFlags.None);
¥
¥

public static async Task StartServer()

{
var listener = new TcplListener(IPAddress.Any, 2222);
listener.Start();
var socket = await listener.AcceptSocketAsync();
byte[] buffer = new byte[blockSize];

while (true)
{

var received = await socket.ReceiveAsync(buffer, SocketFlags.None);
await socket.SendAsync(new ArraySegment<byte>(buffer, @, received), SocketFlags.None);



Meltdown/Spectre/Ghost etc

e [laTtum goporne. Agpo Tenepb He MOXET ManaTb CBOK NaMATb B H03ep Chnelc,
a JOIMKHO ee KonmpoBaTb.

e [locTpaganu B NnepByo odepenb KNnMeHTbl NybnuyHbIX KNnayaoB, Tak Kak ux

rMnepBmn3opbl NMPULLNOCH NAaTYNTL B NEPBYO ovYepeab

Pe3ynbTaThl TECTUPOBAHUSA CKaYyT

Ewe BCe YyCNOXHSAET TO Kak BbIXOOAT M OOCTABNSAKTCA NaTtyM MUKpokKoaa

Xyawee 4yto Bugen ans RPCClient (48k ¢ muturaumen, 86k 6e3)

[My6nunkoBaTb pe3ynbraTbl TECTOB HEMb3S - 3aCyadT:

https://www.imore.com/intel-says-you-cant-publish-benchmarks-after-microcode-update

e YTunuta nocmotpetb/HacTpouTtb ana Windows: https://www.grc.com/inspectre.htm



https://www.imore.com/intel-says-you-cant-publish-benchmarks-after-microcode-update
https://www.grc.com/inspectre.htm

ELlle npo Mmukpokoa

Jl damageboy [ lov 13, :
Here's what it looked like Yesterday, vs. Today:
ATAR'
Those of you with keen eye-sight can immediately tell that something is
awfully wrong here..
Array.Sort() is 20% (!) slower when sorting 10M numbers for example...

& Potential Performance Effects of the MCU

2.

ArraySort | 100
Scalar | 100
Unmanaged | 100

Method Mean [us

ArraySort
Scalar x ArraySort | 1000
Unmanaged . Scalar | 1000
Unmanaged | 1000

The JCC erratum MCU workaround will cause a greater number of misses out of the
gi Decoded ICache and subsequent switches to the legacy decode pipeline. This occurs
40. since branches that overlay or end on a 32-byte boundary are unable to fill into the
Decoded ICache.

ArraySort

Scalar 1000 % ArraySort | 1006 ¢ 613.
Unmanaged 1000 o Scalar ! O e 792.

Arraveint o Eh Unmanaged | 12500 542. Intel has observed performance effects associated with the workaround ranging from
rraySor 9 . | 3 i 1
Scalar 109 696. ArraySort | 100000 609, 0-49% on many industry-standard bevnchm.arksA In subcomponents of these
Unmané jer 10000 519. E Scalar | 100000 8,295. benchmarks, Intel has observed outliers higher than the 0-4% range. Other workloads
i Unmanaged | 100000 6,133. s P ; _
ArraySPrt 100000 6,269. ANag not observed by Intel may behave differently. Intel has in turn developed software

Unmanaged 100000 5,991, Scalar | 1000000 91,233
Unmanaged | 1000000 66,823

ArraySort 1000000 69,795. |
Scalar 1000000 77,646. ArraySort | 10000000
Unmanaged 1000000 66,285. Scalar | 10000000
Unmanaged | 10000000

961,850
1,015,150

i
|

|

|

|

|

Scalar 100000 7,025. ArraySort 1000000 | 83,487, based tools to minimize the impact on potentially affected applications and workloads.
|

|

|

|

|

| 758,285




Vectored |O (Scatter/Gather)

e Stream ynobHasa ans ncnonb3oBaHUsl, HO HedddEKTMBHAs, abCcTpakuma ans
onucaHmsa cetesoro n guckosoro 10

e Kak npaBuno ncnonb3oBaHue Stream nNpuBoAUT K SIMLLHEMY KOMUPOBAHUIO U
annokauuu (nHorga B LOH)

e lIcnonb3oBaHue cnucka 4YacTUYHO 3anosSiHEHHbIX BydepoB BMECTO OHOIO
HenpepbIBHOMo

e Hpapo gasHo ymeet n B Posix u B Windows, BonpocC TonbKo AoTawmTb 40
NpUKagHoro Koga

e Ha camom gene Socket B .net Toxxe ymeloT yxe 15 net yepes
SocketAsyncEventArgs



HoBbin dotnet API anga pabotsl ¢ 10: Pipelines

He nytatb ¢ Windows Pipes (System.|O.Pipes)

Cnucku 6nokoB ¢ back pressure

CunbHO acMMMETPUYHO ANs YTeHus n 3annucn SequenceReader/BufferWriter
OueHb CNoXHO NucaTb gecepuanusatop nosepx Pipelines

EonHcTBeHHbIN cnocob paboThl ¢ tls/ssl yepes SsIStream

Bbina nonbiTka HanucaTb “‘openSSL” ¢ Hyna Ha C#, HO OHa ckopee MepTBa:
https://qithub.com/Drawaes/Leto

K coxaneHuto Kog cepuanm3aTopoB U gecepuanmsatopoB nosepx HoBoro API nony4vaetca
MeLfeHHee

MonHbIM npouecc: Pipeline (vectorized) -> SslIStream (reslice per 19k) -> Socket IOCP (single
buffer, not vectorized!)

[Mpumep nHTErpaumm ¢ coketTamu:
https://github.com/davidfowl/BedrockFramework/blob/master/src/Bedrock.Framework/Transports/Sockets/SocketConnection.cs

https://qgithub.com/StackExchange/StackExchange.Redis/tree/master/src/StackExchange.Redis



https://github.com/Drawaes/Leto
https://github.com/davidfowl/BedrockFramework/blob/master/src/Bedrock.Framework/Transports/Sockets/SocketConnection.cs
https://github.com/StackExchange/StackExchange.Redis/tree/master/src/StackExchange.Redis

Span n Async He gpyxar!

Tpu BapmnaHTa span: managed memory, unmanaged memory, stackalloc

Ref struct (span) cnegosano 6bl Ha3BaTtk stackonly struct (nges Takas obinal)

Ref struct He moxeT peanusoBaTb MHTEPdENCHI U BbITb NAapaMeTpoM LwabnoHa

Ref struct He MoXeT nonagaTtb B 3aMblkaHMe aBenTepa

[1o dpakTy MOXeT y4acTBOBaTb B aCUHXPOHHOM METOAE €CNU He nonagaeT B
NEePEMEHHYI0

B utore gecepuanusatop 4OSMKEH YepenoBaTb aCUHXPOHHOE YTEHME N CUHXPOHHYIO
paboTy co cnaHamu

Sequence/Memory.GetSpan oTHOCUTENLHO AOPOron n3-3a pinning
Hecepuanunsatop JOSMKEH YMETb OCTAHOBUTCHA, COXPaHUTL COXPaHUTb U BbINTU HapYyXy
T.e. [lecepuannsartop 4ofmKeH CTPOUTbL CBOM CTEK COCTOAHMIA BMECTO CTaH4apPTHOro
obecrneymMBaemMoro paHTamimom



2. ba3a gaHHbIX



[Touemy Obl HE B3SATb Marnyeckyo macrep-macrep bl ?

Kyle Kingsbury: https://jepsen.io/analyses

UntaTb Nyylle co cTapbiX NOCTOB Noapsaa

[MpoaBUHYTLCA 3aMET HECKOJSIbKO YacoB

[loknan K coxaneHuto Tosibko rno Bepxam “Anna Concurrenina by Kyle
Kingsbury”: https://www.youtube.com/watch?v=eSaFVX4izsQ
https://en.wikipedia.org/wiki/Amdahl%27s_law
https://en.wikipedia.org/wiki/CAP_theorem
https://en.wikipedia.org/wiki/Fallacies_of distributed computing

Y Jepsen B TecTax HET HACTOSLLMX KOMMEPYECKNX Ba3 AaHHbIX, MOTOMY YTO
BEHAOPbI 3aCyasT eCrnin YTo



https://jepsen.io/analyses
https://www.youtube.com/watch?v=eSaFVX4izsQ
https://en.wikipedia.org/wiki/Amdahl%27s_law
https://en.wikipedia.org/wiki/CAP_theorem
https://en.wikipedia.org/wiki/Fallacies_of_distributed_computing

Jepsen test for mongo 4.2.6

e (Ou4eHb MHOro NOXHbIX MapKkeTUHrosblix yTeepxaeHunn “full ACID” B
OOKyMeHTaumn

e KoHurypaumsa no ymonvaHuo CKIoHHa K notepe AaHHbIX

e 99.6% uHCcTannaunn ncnonb3ytoT read concern No yMoOSTHaHUIO, KOTOPbIN
HebesonaceH (~ SQL-92: read uncommitted)

e Snapshot read concern He rapaHTUpyeT snapshot isolation

e B cnyuae network partitioning xan 6eabl

o “MongoDB, Fauna, and YugaByte have previously engaged Jepsen for paid analyses. ’



Haw onbiT DynamoDB

“Amazon DynamoDB is a key-value and document database that delivers single-digit millisecond

performance at any scale. It's a fully managed, multiregion, multimaster, durable database with built-in
security, backup and restore, and in-memory caching for internet-scale applications. DynamoDB can handle
more than 10 trillion requests per day and can support peaks of more than 20 million requests per second.”
© Amazon

[Moxoxe 4To XpaHuT cTpokoBbin popmaTt JSON kak ecTb

AsToMmaTudeckme wapaunHr no 10 GiB (gobasuTb 1 yopath Wwapabl Henb3s)

MakcunmanbHbIn provisioned throughput koTopbin MoxkHO noctaButb 80k RPS ¢ ogHom “
Knacrepe

PeanbHbin throughput orpaHnyen 3-4k RPS ¢ wappa

BCTpOEHHbIM MOHUTOPUHI NOKa3biBAaeT HeBepPHbIN latency

Eventually consistent BTopuiHble MHAEKCHI. Henb3s y3HaTb Korga 4OKYMEHT HaKOHeL, NponHOEeKCUpoBarics.
TpebyeT kewal? (ewe ogmH SaaS elasticache)

Kak >xe Tam € cornacoBaHHOCTbLIO K3lla, JaHHbIX M BTOPUYHbIX MHOEKCOB Jy4lle N He cnpalumBaTtb

Tabnuubl”’ B



[Oe Xe XpaHUTb

e [loxopg B out of process B[] 06bI4YHO BKMNHOYAKOT TOT Ke HEAMPEKTUBHBIN
MeTod paboTbl C COKETaMU, T.€. paboTaeT CNULLKOM MeasfieHHO

e Cawmbin 6bicTpbi RPC Redis Bce paBHO meaneHHee Hawero RPC

e |n process bl Ham goctatoyHo KV

e In process He ckanupyertcd



Rocksdb

N3HauvanbHO natyeHHble dencbykom Leveldb

Tenepb yxe HacTosAWwmMn MOHCTp KV 6a3

Ectb rapaHTupoBaHHas 3anmcm B WAL Kak Bo B3pocnbix 6azax
YacTo ncnonb3yeTcs Kak HN3KOYPOBHEBLIN OBWXOK B ApYyrux basax:
MySql/MyRocks

Ectb optimistic/pessimistic transactions n WriteBatch

BTOpUYHbIE MHAOEKCHI - HA BalLleEW COBECTU

[Mpo yctponcteo LSM 6a3 nonynspHo “Vinyl: why we wrote our own
write-optimized storage engine rather than chose RocksDB”:
https://www.youtube.com/watch?v=BlegcluURv4

[MpoTotnn LSM gBwxka Ha C#: https://github.com/Drawaes/TrimDB/



https://www.youtube.com/watch?v=BlegcIuURv4
https://github.com/Drawaes/TrimDB/

3. Cepnanunsauus



[MpoLwnbiv U coBpeMeHHbIN Json

e Ajax 6bin go JSON

JSON no cytn noasunca Kak cypporaTHblin doopmart, bnarogapsa TOMy 4TO
napcep JavaScript ectb B nobom dpaysepe

Serialize = toString, Deserialize = eval

ArnbTepHaTuBa B BUAe cepuanusaumm gaHHolx npssmo B HTML Toxe Obina
BHe3anHo o4eHb 6bicTpbIn (2.2 GiB/s ckopocTb Kypcopa)
https://arxiv.org/abs/1902.08318

[MopT Ha C# oT Eropa boratoBa: https:/github.com/EgorBo/SimdJsonSharp (Kypcop, a
He gecepwuanusaTop)

e Arm 8.3-A: FJCVTZS is "Floating-point Javascript Convert to Signed
fixed-point, rounding toward Zero".



https://arxiv.org/abs/1902.08318
https://github.com/EgorBo/SimdJsonSharp

System.Text.Json (.Net core 3)

e [logoepxuBaet Pipeline mogenb
e YMeeT aCMHXPOHHO 3aMunpaTb Npu HegocTaTke AaHHbIX
e He Takou yX ObICTPbIN



Serialize to Stream
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Serialize to stream (smaller is better)

Small class Big dass List Dictionary

mSystem.TextJson ™ Newtonsoft ® DataContractisonSenalizer ®Jil ®mUtf8Json ® ServiceStack

https://michaelscodingspot.com/the-battle-of-c-to-json-serializers-in-net-core-3/



https://michaelscodingspot.com/the-battle-of-c-to-json-serializers-in-net-core-3/

buHapHble cepmanunsauunn Tag vs Offset

Tag = Schema is optional

Offset = Schema is required

Offset ObicTpee unTaTh ecnn Hago HeEDOSbLUOWN CPe3 AaHHbIX

Offset MmoxeT ObITb zero copy

Tag MOXHO 4YMTaTb Oaxe ecrim HET CXEMbI OS19 BCEX AaHHbIX

Offset popmarthl: FlatBuffers, ctpannubl MS SQL Server ona TpaanunoHHbIX
Tabnuy



ProtoBuf vs MessagePack

e YnobCcTBO AnNA YTeHMda NpoTMB yaobcTBa 4SS 3anucu
e Protobuf nuweTt dumnanyeckyto anmHy B bantax
e MessagePack nuwer norndeckyto OnNuHy B arieMeHTax



MessagePack-CSharp

e Yoshifumi Kawai + Andrew Arnott (v2)

e C nopaoepxkon HoBbiX API Pipelines/IBufferWriter/ReadOnlySequence

e be3 nogaepxkku 3ammpaHusi Npu HegoCcTaTKM AaHHbIX, Oydepusnpyet
Becb ReadOnlySequence npexae yemMm Ha4aTb gecepuanusauuio

e V2 meaneHHee V1



FrozenObjects

e PasmelleHne immutable rpadpa managed ob6bekTOB B unmanaged namaTu
e https://qgithub.com/microsoft/FrozenObjects



https://github.com/microsoft/FrozenObjects

Komnpeccug

JToboe 10 nyywe c komnpeccuen!

Mbl 661 TOXe nerko ynepnuck B 10 Gbit ceTb ecnu Obl He cxxumanu cetesoun Tpaduk Lz4

He ncnonbayinte gzip/deflate ecnu ot Bac He TpebyeT aToro KnMeHT (YnuTtam Bpayaep)
MoxxeTe NOTEeCTUTb Ha CBOMX AaHHbIX pa3Hble anropuTmsl: https://github.com/inikep/lzbench
Lz4 (Yann Collet) - o4eHb BbICTPO 1 NpakTUYECKN HE3aMETHO

Zstd (Yann Collet at Facebook) - 6onbLuon guana3oH HacTpOeK, NOAEPXKMBAET CITOBAPHYIO
KoMnpeccuto, Bcerga bbicTpast AekoMnpeccus

https://facebook.github.io/zstd/#small-data e i s

£D (MB/S)

mnormal m with dictionary.


https://github.com/inikep/lzbench
https://facebook.github.io/zstd/#small-data

Halu My3emn KoCTbiflen 1 Benocmnenos

KocmeTtnyeckn natvyeHHbin rocksdb (cmepxkeHo > 6.10.1)

RocksdbSharp curnbHO natyeHbIn

Annokauun - ceon Unmanaged Buffer Pool (moxHo nepentn Ha POH B Net 5)
co Slice Reference Counting

RPC - ceon uenukom nosepx NetworkStream/SslIStream

ZSTD, LZ4 - cBon 0bepTkn ans npaBuiibHOM paboTbl CO CrioBapsiMu
MessagePack Reader/Writer ceon onTuMn3npoBaHHble A4nga Span

DOM - cBou

System.lO.Pipelines - kocmeTndeckn nynspekBecT (CMepXeHo)



Haw onbliT MongoDb

BSON, KoTOopbIM NCNonb3yeT MOHra, o4eHb NoxoX Ha MessagePack
HacTtpounnu WiredTiger noxoxe Ha Haw RocksDb

Bbipesaem 13 6onbLluoro gokymeHTta 15 ckansapHbIX Npoekuum

B MoOHre a10 MOXHO genaTb NPAMO Ha cepBepe

Y Hac cepBep rnynosart, KNMeHT 3abnpaeT JOKYMEHT LIENUKOM U pa3dbunpaeTcs
cam B MessagePack

[MponyckHas cnocobHocTb 6k RPS Ha moHre npotme 32k RPS y Hac

Bce knactepbl MOHIM, NPO KOTOPbIe S Chnbilarn, 3akaH4nBaloTcs Ha 12
MaLuMHax

C ydyeTom 3akoHa Amaana, ckopee Bcero, Mbl 06roHssem nodon “pasymMHbIn”
KracTtep MOHIMM



Pewarowaga outea ¢ MS SQL

select top (1000000)
cast(s.MasterSecID as nvarchar(100)) as Ownerld,

cast(s.PaladyneID as nvarchar(1€0)

s.Name as Name,
st.Code as SecTypeCode,
ex.Code as ExchangeCode,
cast(s.RowTimestamp as bigint)

FROM

SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
SELECT TOP 1 SecCode
cast((case opt.RedemType
when 'P' then 1
when 'C' then @
else null

dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.

end) as bit) as IsPutOption,

opt.StrikePrice as StrikePrice,

opt.ExpDate as ExpirationDate,
cpn.Rate as CouponRate,
cnt.EqCode as CountryIso3Code,
cur.Code as CurrencyIso3Code,
isnull(ord.IsPrimary,pfd.IsPrimary) as IsPrimary,
s.MasterSecID

from dbo.Sec s

as Externalld,

as ChangedTimestamp,

SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode
SecIdCode

WITH
WITH
WITH
WITH
WITH
WITH
WITH
WITH
WITH
WITH
WITH
WITH
WITH

inner join dbo.SecAuxCustomValues a on a.SecID =
joi RefSecType st on s.RefSecTypeID = st.RefSecTypeID
RefExchange ex on s.RefExchangeID =
RefCountry cnt on cnt.RefCountryID=s.RefCountryID
RefCurrency cur on cur.RefCurrencyID=s.RefCurrencyID
SecOptions opt on opt.SecID = s.SecID
SecBondCoupon cpn on cpn.SecID = s.SecID
SecEquityORD ord on ord.SecID=s.SecID
SecEquityPFD pfd on pfd.SecID=s.SecID

dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.
dbo.

NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)
NOLOCK)

s.SecID

WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE
WHERE

SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID

ex.RefExchangeID

I R R I BV B R R R R IV R

SecID A
.SecID

SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID
SecID

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

AND

) SecIdCodeTypeld

SecIdCodeTypeId

SecIdCodeTypeld -=

SecIdCodeTypeId
SecIdCodeTypeId
SecIdCodeTypeIld
SecIdCodeTypeId
SecIdCodeTypeId
SecIdCodeTypeld
SecIdCodeTypeId
SecIdCodeTypeId

SecIdCodeTypeld =

SecIdCodeTypeId

300001
300002

300015
300005
300007
300008
300110

300006
300021
300135
300170

ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER
ORDER

IdStartDate
IdStartDate
IdStartDate
IdstartDate
IdStartDate
IdStartDate
IdStartDate
IdStartDate
IdStartDate
IdStartDate
IdStartDate
IdStartDate
IdStartDate

as
as
as
as
as
as
as
as
as
as
as
as
as

Cusip,

Isin,

Sedol,

Ticker,

Symbol,

Blmbrgld,

Vendorld,

B%mbrgGlobalId,

Frarh

OccCode,

IdcId,

Fctld,

e Bce cTpaHuubl B Kelle

e  3anpoc ycrnewHo napannenuayetcs
e Discard results, shared mem

e 8 Cores

e 27 ceKyHA - Nyyunn pesynsraT
e Uroro: 37k RPS



Here is why | like duct tape programmers. Sometimes, you're on a team, and you're busy banging out the code,
and somebody comes up to your desk, coffee mug in hand, and starts rattling on about how if you use
multi-threaded COM apartments, your app will be 34% sparklier, and it's not even that hard, because he'’s written
a bunch of templates, and all you have to do is multiply-inherit from 17 of his templates, each taking an average of
4 arguments, and you barely even have to write the body of the function. It’s just a gigantic list of
multiple-inheritance from different classes and hey, presto, multi-apartment threaded COM. And your eyes are
swimming, and you have no friggin’ idea what this frigtard is talking about, but he just won’t go away, and even if
he does go away, he’s just going back into his office to write more of his clever classes constructed entirely from
multiple inheritance from templates, without a single implementation body at all, and it's going to crash like crazy
and you're going to get paged at night to come in and try to figure it out because he’ll be at some goddamn
“Design Patterns” meetup.

And the duct-tape programmer is not afraid to say, “multiple inheritance sucks. Stop it. Just stop.”

https://www.joelonsoftware.com/2009/09/23/the-duct-tape-programmer/



https://www.joelonsoftware.com/2009/09/23/the-duct-tape-programmer/

