Mcnonb3oBaHue Tarantool B
NET-npoeKTax

AHaTonun NMNonos

Director of Engineering, Net2Phone

netZ2phone



Te3ucobl
* Y1o Takoe NewSql? Kyaa aenca NoSql?
e KaK ncnonb3osaTb Tarantool ns .net?

* NMpounsBoagnTenbHocTb progaudi.tarantool
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060 MmHe

* PaboTato c .net ¢ 2006 roga

* AKTnBHO B OSS ¢ 2016 roaa
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TOT, KTO HE NOMHMUT NPOLWIOTO,
obpeyéH Ha ero NoBTOpPEHMe.
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RDBMS

* General purpose database
* Usually SQL

* Developed since 1990s or so
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NoSq|

 Strozzi NoSQL open-source relational database — 1999
* Open source distributed, non relational databases — 2009

* Types:
* Column
* Document
e KV
* Graph
* etc
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Llenn co3paHunA

* [lpocToTa: AM3aHa U1 aAMUHUCTPUPOBAHUA
* BbiCOKas NponycKkHaa cnocobHOCTb
* bonee apPeKTMBHOE UCMNO/Ib30OBAHNE NAMATH

* [opu30OHTaNbHOE MaclITabnpoBaHue
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Shiny new code:

 RDBMS are 25 year old legacy code lines that should be retired in
favor of a collection of “from scratch” specialized engines. The DBMS
vendors (and the research community) should start with a clean
sheet of paper and design systems for tomorrow’s requirements, not
continue to push code lines and architectures designed for
yesterday’s needs

“The End of an Architectural Era” Michael Stonebraker et al.
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HenoctaTku

* Eventual consistency
» Ad-hoc query, data export/import, reporting
* LapauHr BCE ewe CNOXKHbIN

* MySQL is fast enough for 90% websites
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NewSQL

e Matthew Aslett in a 2011
e Relations and SQL
 ACID

* boHycbl NoSQL

netZ2phone
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NewSQL: Kog 0Ko/10 AQHHbIX

* VVoltDB: Java & sql
* Sql Server: .net & sql native

* Tarantool: lua
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Sql Server

* Columnstore - 2012
e Hekaton (In-Memory OLTP) - 2014

* Cluster: up to 9 nodes

netZ2phone
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RDBMS: storage model

1 Bacsa 20
2 MeTa 40
3 Konsa 30
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Tarantool: storage model

Baca 123,09 Monoko
2 MeTa 40 Mry
3 Kons 30 HeHat
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Tarantool: storage model

* memtx — in-memory store
* TREE
* HASH
* RTREE
* BITSET

e vinyl — write-mostly store (LSM + BTREE)
* TREE
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Tarantool: features

e SQL - 2.1 beta
 ACID

e vshard

netZ2phone
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YTO Takoe KOHHeKTop/apansep?

Raw Query SqlClient

NHibernate MySQL.Data

Npgsql
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YTO Takoe KOHHeKTop/apansep?
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.net un tarantool

* https://github.com/progaudi/progaudi.tarantool

2 month ago, 1.0.0 is on the way

* https://github.com/donmikel/tarantool-net

2 years ago

* https://github.com/asukhodko/dotnet-tarantool-client

1 year ago

net2phone
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progaudi.tarantool

* Mogpepusaet .netstandard2.0
* Moppepxkuaet Windows, Linux n Mac OSX
* [loppeprKnBaeT NOYTU BECb NPOTOKO

* YcTaHaBAMBaeTcA Yepes nuget
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dPunum

* [TONIHOCTbIO ACUHXPOHHbIN
* BcTpoeHHOE MynbTUNIEKCUMPOBAHUE
* Keep-alive

* ABTOMaTMyeckoe obHoBeHne cxembl [1.0+]

netZ2phone
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NHTepdenc: BcTaBKa
var index = client.GetSchema()["a"]["b"];

await index.Insert((2, "Music", 0.0));
await index.Insert((3, "Music"));
await index.Insert((4, "Music", false, "4th"));

net2phone
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}

net2phone
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}
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[Moyemy?

* He Hago nucaTb AOKY
* /ltoay nonAayT U NoYMTaloT AOKY K Tarantool
* [lonHaa mumuKa IProto

* [MBKOCTb

netZ2phone
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NuTepdenc: BbIbOpKa

async Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)

{
var index = client.GetSchema()["a"]["b"];
var answerResponse = awalt index
.Select<(bool, QuestionId), AnswerPublishRequest>(
(false, questionId),
new SelectOptions
{
Iterator = Iterator.Req
}
)i
return answerResponse.Data;
}
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UHTepdenc: byaet

Task<IReadOnlyList<AnswerPublishRequest>> GetById(QuestionId questionId)
{

var index = client.GetSchema().GetSpace<AnswerPublishRequest>["a"]["b"];

return index.Select((false, questionId), Iterator.Req));

net2phone 3



public interface IIndex

{
Task<DataResponse<TTuple[]>> Select<TKey, TTuple>(TKey key);

Task<DataResponse<TTuple[]>> Insert<TTuple>(TTuple tuple);
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public interface IIndex<TTuple>

{
Task<DataResponse<TTuple[]>> Select<TKey>(TKey key);

Task<DataResponse<TTuple[]>> Insert(TTuple tuple);

net2phone
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NHTepdenc: mini-ORM

[MsgPackArray]
public class ImageInfo : IImagelnfo

{
[MsgPackArrayElement(0)]

public int width { get; set; }

[MsgPackArrayElement(1)]
public int Height { get; set; }

[MsgPackArrayElement(2)]
public string Link { get; set; }

[MsgPackArrayElement(4)]
public string Credits { get; set; }

public string NotSerializedProperty { get; set; }

}
net2phone

35



NuTepdenc: MsgPackToken

public class MsgPackToken

{
public static explicit operator MsgPackToken(uint value)
{
return new MsgPackToken(value);
}
public static explicit operator uint(MsgPackToken token)
{
return token.CastTokenToValue<uint>();
}

net2phone
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Tarantool: cepBep npunoxkeHnm

* tarantool/queue

* IOrMKa Ha lua
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tarantool/queue

e Cenvac:

await this.box.Call<((string, string), QueueOptions), MsgPackToken>(
"queue.queue.tube.queue_name:put”,
((token.Token, payload), QueueOptions.WithDelay(TimeSpan.Zero)));

e XoyeTcAa:

var queue = this.box.GetQueue<(string, string)>("queue_name");
await queue.Put((token.Token, payload), TimeSpan.Zero);

 PaboTbl Ha4yHy nocne 1.0 pennsa

netZ2phone
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[lToaBOAHbIE KAMHU
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.net core 1.1 DnsEndPoint, linux

[Fact]
public void DnsTest()

{

var socket = new Socket(SocketType.Stream, ProtocolType.Tcp)

{
s

socket.Connect(new DnsEndPoint("www.google.com", 443));

NoDelay = true

* Exception: .NET Core not supporting DnsendPoint in Socket.Connect.

40
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.net core 1.1 DnsEndPoint, linux

public async Task DnsTest() {
var socket = new Socket(SocketType.Stream, ProtocolType.Tcp);
var resolved = await Dns.GetHostAddressesAsync("..");
foreach (var addr in resolved) {

try {
await socket.ConnectAsync(addr, 443);
return;

}

catch {} continue;

}

throw new Exception("Can't connect");

net2phone
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StackExchange.Redis: ¢punun

* ACUHXPOHHOCTb
» KoHBeMepHaa obpaboTka

* MynbTuUnaekcupoBaHue
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progaudi.tarantool: punun

* ACUHXPOHHOCTb
» KoHBeMepHaa obpaboTka

* MynbTuUnaekcupoBaHue
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ACUHXPOHHOCTb

* TaskCompletionSource<T>

e Custom awaiter

netZ2phone
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MynbTnnnekcnupoBaHue

* HecKo/1bKO 3anpocoB MOTYT UCMOJIb30BaTb O4HO CoeAuHeHne
* Sgl Server + MARS, HTTP/1.1, HTTP/2, HTTP/3, Redis,...

* Requestld + ConcurrentDictionary<,>
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KoHBenepHaa obpaboTKa

* YTeHna un 3anucu ns cetum pa3aeneHobl
* 3aI'IpOCbI oTnpaBaAAKOTCA NO Mmepe 3arnpocoB OT KO3€EPaAa

e OTBETbI YMTAIOTCA MO MEpe Npuxoda oT cepsBepa
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StackExchange.Redis

var options = new

ConfigurationOptions();

options.EndPoints.Add("localhost", 6379);

options.ClientName
var multiplexer =

net2phone

= "DotNext : Redis";
ConnectionMulteplexer.Connect(options);
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StackExchange.Redis, 1.2.6

* OTAeNbHbIM NOTOK Ha 3anucb

Debugger| Etunsuie =i

- Paraliel Stacks —+"

fl Debug Output +*

fiEMemony 4| = |9 A A 4 H Ot ¥ ¥ H

3 :Threads—r'

frm s

= Variables

» Worker thread @ 2028

» DotMext : RedissWrite & 15748

Worker thread @ 123564
Worker thread &2368

Worker thread @ 12252

Worker thread 5470
Worker thread (©5.208
Worker thread ©12776
Worker thread (25264

L R N . L T A T T Y

FEAE
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args = {string(]} Count =

multiplexer = {Connectiontultiplexer} "DotMext : Redis" View

options = {ConfigurationOptions} "localhosti6379, name=DotNext : Redis" View
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OTnpaBKa COOOLIEHNIN, NPOCTOMN BaPUAHT

// nonyuyeHune TacKu

public Task<MemoryStream> GetTaskNaive(RequestId requestId) {
var tcs = _concurrentCache[requestId] = CreateTcs();
return tcs.Task;

// 3anucob

lock (_physicalConnection) {
_logWriter?.WriteLine($"Begin sending request");
_physicalConnection.Write(header);
_physicalConnection.Write(body);

}

net2phone
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OTnpaBKa coobLWEeHUN, BapnaHT NOCNOXKHee

try {
_physicalConnectionLock.EnterWriteLock();
_logWriter?.WriteLine($"Begin sending request");
_physicalConnection.Write(header);
_physicalConnection.Write(body);

}

finally f{
_physicalConnectionLock.ExitWriteLock();

}
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OTnpaBKa coobLWEeHUN, BapnaHT NOCNOXKHee

try {
_pendingRequestsLock.EnterWriteLock();
var tcs = _cache[requestId] = CreateTcs();
return tcs.Task;

}
finally {

_pendingRequestsLock.ExitWriteLock();

}
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OTnpaBKa coobLLEHNIN, NPABUIBHO

?ublic void Write(ArraySegment<byte> header, ArraySegment<byte> body)
if (_disposed) throw new ODE(nameof(ResponseReader));

_clientOptions?.LogWriter?.WriteLine($"Enqueuing request.");
bool shouldSignal;
lock (_lock) {
_buffer.Enqueue(Tuple.Create(header, body));
shouldSignal = _buffer.Count == 1;
}

if (shouldSignal) _newRequestsAvailable.Set();
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OTnpaBKa coobLLEHNIN, NPABUIBHO

private void WriteFunction() {
var handles = new[]{ _exitEvent, _newRequestsAvailable};

while (true) {
switch (WaitHandle.WaitAny(handles)) {
case 0: return;
case 1: WriteRequests(200); break;
default:
throw new ArgumentOutOfRangeException();

}

net2phone
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OTnpaBKa coobLLEHNIN, NPABUIBHO

Tuple<ArraySegment<byte>, ArraySegment<byte>> request;

var count = 0;

while ((request = GetRequest()) '= null) {
WriteBuffer(request.Iteml);
WriteBuffer(request.Item2);

count++;
if (limit > 0 &5 count > limit) break;

}

lock (_lock)
if (_buffer.Count == 0)
_newRequestsAvailable.Reset();

_physicalConnection.Flush();

net2phone
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Keep-alive

* Options.ConnectionOptions.PingCheckTimeout

* CnyxebHbi naket Ping

* [lepenogKntoyeHne NoYTM NPO3payvHO 411 03epa

* [lepenocblNIKy 3anpoca Mbl MOKa He Aenlaem
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YTeHue

* Yutaem nayvky 6aunt
* [lapcum BCIO NaYKy Nepen Tem, KaKk YNTaTb CAeAYHOLLYIO
* Ecan ocTanca XxBOCT, MEPEHOCUM €ro B Ha4as10 Nayku

* [lepBble NATb 6AaNT NakeTa — 3TO AJINHA, OYeHb YA0OHO
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A 4TO CO CKOPOCTbIO?

* beHumapK: 1M BCTaBOK B NycTOM temporary space

*Go: =215k RPS

Insert took 4.651657s

e net: =27k RPS

30-45 sec per 1M inserts
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A 4TO Mbl TECTUPYEM?

var 1st = new Task[1000000];
for (int i = 0; 1 < lst.Length; i++)

{

1st[i] = space.Insert((i, new[] { i, 1}, 1));
}
Task.WaitAll(1lst);

net2phone

58



YMeHbLWKMM pasmep navyku

// 30 cekyHAa, 30k RPS, cTabunbHo
var lst = new Task[1000];
for (var i = 0; i < 1_000_000; i++) {
Ist[i % 1000] = space.Insert((i, (i, 1), 1));
if (i % 1000 == 999)
Task.wWaitAll(lst);

net2phone
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3anpoc B TapaHTyn

. 3anpoc

net2phone
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3anpoc B TapaHTyn

3aro/ioBOK

3arosioBoOK

MsgPack
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3anpoc B TapaHTyn

3aro/ioBOK

Teno

MsgPack
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OTtBeT OoT TapaHTyANa

MoToK
6aunT

net2phone

MsgPack
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Cepuanusaumsa: dbino

MsgPack

net2phone
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Cepunanusauma: ctanao

Rented

buffer

MsgPack

net2phone

MemoryPool
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Pe3ynbraThl

* 60k RPS, 16 sec
* Ecan BCcTaBnATb cpasy 1M, To 18 sec, 55K RPS

* He 00 KOHUa npoBepeHHble: ~12 sec, 80k RPS

netZ2phone
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Hosble abcTpakumnm

* Span<T> - ref stackonly struct
* Memory<T> - struct

* IMemoryOwner<T>

netZ2phone
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Span<T>: ueHa, C#

private const uint _length = 100;
private uint _baseInt = 99000;
private readonly byte[] _buffer = ArrayPool<byte>.Rent(short.MaxValue);

[Benchmark]

public int Span() {
var buffer = _buffer.AsSpan();
var 1 = 0;
for (; 1 < _length; i++) {
_baseInt -= 1000u;
MsgPackSpecSpan.WriteUInt32(buffer.Slice(5 = i), _baselnt);
t

return i;

net2phone
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Span<T>: ueHa, C

char buf[65535];

extern uint32_t serializeInts(uint32_t size) {
char *w = buf;
uint32 t base = 99000, 1dx = 0;
for (; idx < size; ++idx) {
base -= 1000;
w = mp_encode uint(w, base);

}

return 1dx;

}

net2phone
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Span<T>: ueHa, C++

uint32 t base = 99000, 1dx =
sbuffer buffer;
packer<sbuffer> pk(&buffer);

for (; idx < size; ++idx) {
base -= 1000;
pk.pack(base);

}

return 1idx;

net2phone
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Span<T>: ueHa, C# pointers

public unsafe int Pointers()

{
fixed (bytex pointer = &_buffer[0]) {
var 1 = 0;
for (; 1 < _length; i++) {
_baseInt -= 1000;
MsgPackSpecPointer.WriteUInt32(pointer, 5 * i, _baselInt);
}
return 1;
}
}

net2phone
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Span<T>: pe3ynbraThl

Method
Span
SpanConst
Pointer

C
Cpp

net2phone

Mean
378.8ns
198.7 ns
235.5ns
188.1 ns
189.5 ns

Error
B.778 Ns
1.255 ns
4,583 ns
2.714 ns
2.896 ns

StdDev
6.340 ns
1.174 ns
4.501 ns
2.538 ns
2,709 ns

Q3
385.2 ns
198.5 ns
237.6ns
150.3 ns
191.5 ns

Scaled
2.01
1.06
1.25
1.00
1.01

ScaledSD
0.04
0.02
0.03
0.00
0.02

Allocated
0B
0B
0B
0B
0B
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Span<T>: ueHa, SpanConst

private const uint _length = 100;
private uint _baseInt = 99000;
private readonly byte[] _buffer = ArrayPool<byte>.Rent(short.MaxValue);

[Benchmark]

public int Span() {
var buffer = _buffer.AsSpan();
var 1 = 0;
for (; 1 < _length; i++) {
_baseInt -= 1000u;
MsgPackSpecSpan.WriteUInt32(buffer.Slice(5 = i), _length);
t

return i;

net2phone
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Span<T>: ueHa, C#

private const uint _length = 100;
private uint _baseInt = 99000;
private readonly byte[] _buffer = ArrayPool<byte>.Rent(short.MaxValue);

[Benchmark]

public int Span() {
var buffer = _buffer.AsSpan();
var 1 = 0;
for (; 1 < _length; i++) {
_baseInt -= 1000u;
MsgPackSpecSpan.WriteUInt32(buffer.Slice(5 = i), _baselnt);
t

return i;
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Span<T>: ueHa, SpanConst

private const uint _length = 100;
private uint _baseInt = 99000;
private readonly byte[] _buffer = ArrayPool<byte>.Rent(short.MaxValue);

[Benchmark]

public int Span() {
var buffer = _buffer.AsSpan();
var 1 = 0;
for (; 1 < _length; i++) {
_baseInt -= 1000u;
MsgPackSpecSpan.WriteUInt32(buffer.Slice(5 = i), _length);
t

return i;

net2phone
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Span<T>: ueHa, WriteUInt32

[MethodImpl(MethodImplOptions.AggressiveInlining)]
public static int WriteUInt32(Span<byte> buffer, uint value)
{
if (value <= DataCodes.FixPositiveMax)
return WritePositiveFixInt(buffer, (byte) value);
if (value <= byte.MaxValue)
return WriteFixUInt8(buffer, (byte) value);
if (value <= ushort.MaxValue)
return WriteFixUIntl16(buffer, (ushort) value);
return WriteFixUInt32(buffer, value);

}

net2phone
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Span<T>: ueHa, WriteUInt32

[MethodImpl(MethodImplOptions.AggressiveInlining)]
public static int WriteUInt32(Span<byte> buffer, uint value)

{
return WriteFixUInt8(buffer, (byte) value);

net2phone
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IMemoryOwner<T>

e var buffer = MemoryPool<T>.Shared.Rent(100)

* buffer.Length = ??7??

netZ2phone
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FixedMemoryOwner<T>

e Default:
return new Memory<T>(array);

* Fixed:
return new Memory<T>(array, 0, _size);

net2phone https://www.nuget.org/packages/progaudi.buffers/ .



Bounds check

[Benchmark(Baseline = true)]

public int Classic() {
Span<byte> span = _buffer;

span[0] = 0;
span[1] = 128;
return 2;

net2phone

[Benchmark]

public int EgorBogatov() {
Span<byte> span = _buffer;
span[1] = 128;
span[0] = 0;
return 2;
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Bounds check: 2 elements

prilz@l8Update/Redstoned)
ogical and &4 physical cores
1.481

.NET Core 2.1.3 (CoreCLR 4.¢ 64bit RyuldIT

: 4.6 )
.3 (CoreCLR 4.¢ . B refFX 4.6 }, B4bit RyulIT

net2phone
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Bounds check: asm

Classic NET Core 2.1.3 (CoreCLR 462672506, CoreFX 4.6.26725.05), 64bit RywJIT  CoolHacker NET Core 2.1.3 (CoreCLR 4.6.26725.06, CoreFX 4.6 26725.05), 64bit RyuJIT

ODODTLES " 65b01cal BoundsCheck.BoundsBenshmark.Classie() QDOTLEd" 65aelcal BoundsChesk  BoundsBenchrark.CoolHacker ()

IL _9000: ldarg.D IL 0000: ldarg.d

IL 0001 1dfld System.Byte(] BoundsCheck.BoundaBenchmazk:: buffer IL 0001: ldfld Syscem.Byte(] SoundsCheck.BoundaBenchmark:: buffer
IL_000&: call System.5pan’l Syscem.Span”li:cp _Implisit{lO[]) IL_0006: call Syscem.Span’l System.Span’liiep_Implicic{lQ[])
IL_00ok: szles.O IL _000b: stles.D

000DTLLA" EEbO1lcad 4BAL410R o rax,quword ptr [rox+8]) 00007L£Ld" 65aelcad 488bL410A o rax,qword ptr [rox+d)
QDODTLLA 65p01cal 4E8500 ceat TaX,Tax QOOOTLLd” 6Sanlcal ABESED cest Tax, Tax

QDODTLLE " 65B01lecakl TSO0E6 jne QDOOTELd " E5E01cRS QDoOTLEd" 65anlcal TSO06 jne QO0OTLEd " E5amlell
ooonTLEEd" £5b01cad 5342 AT adx, adx Aoo00TEEd " E5anlcad 5342 xEE i, &dic

Q0007 LLd" 65b01lcalf 33cH XOT EON, ECK 0O007LEd " 65aclical 33cH XoT ECX, ECK

QRODTILEdE " 65601chl eb0T Imp QEOOTILE ESE01lckR 0DooTILd" 65aslchbl eb07 1ER QOOOTILd " 65aelcha
QDoDTLEA " 65601cbl 4EA45010 lan rdx, [rax:+10hk] 0oDoo7Lfd" ESamlchnd 4B2EAS5010 lan rdx, [rax+10h]

Qo007 EE4" 68001chT AL 4EO0E moV ecx,dword ptr [rax+8) Qo007 Ed" EtaeichT SbL400E mow ecx,dword ptr [Zax+8)
IL_000s: ldloss.s V.0 IL_pooc: ldloca.a V. O

IL_000e: lde.14.0 IL_0O0e: lde.14.1

IL 000ft call '0& System.Span‘i:zget Icem(System.Tntdd) IL 000f: call '0& System.Span‘li:cget Ttem(System.Intdld)

IL 0014: lde.iq 204 IL 0014: ldo.id.s 1320

IL 0019; scind.il IL 00l6: scind.il

oDOOTEFd " ESB01cha B3E000 cmp mex, 0 Qo00TEfd" ESarlcha E3F0O01 cp mox, 1

Q0007£1d" 65b0lcbd TELS jbe 0000TLEd " 65b0O1odS 0000T£fd" 6%aelichd TE11 jbe 0000TEEd" E5anlcdD
QDD 7LLA" 65001lchl cEldos mav byTe pEEX [rdx] . 00Ch QooO07Lrd” 65anlchl cE42017E mav byce pExr [rdxs+l] 78R
IL_00la: ldloca.s ¥_0O TL_ 017t ldloca.s V_O

IL 00lecr ldo.14.1 IL 00191 ldo.i4.0

IL_ooid: call '0f Syavem.Span”l;:get_Icem(Syscem.Int3) IL_00la: call '0& System.Span’l::get_Ivem(System.Int3di)

IL_0022: lde.i4.a 120 IL_DOL1f: lde.14 204

IL oO24r scind.il IT. D024t stind. i1

OO00TEEd E5b0lces BIL50L = ecx, 1 | 00007fLd” 65aelocd cE0Zco o byte ptr [zdx],0CCH |
QDOD7ILd” 65001aess TEOe Jbe QD0OTILd " 65601 cds IL_TTdS: Ide.19.7

D0oDTELd " 65b01ocT cEE20LTH OV byte por [rdx+1],78h IL 0O026: ret

IL 002%: ldc.14.2 00007££d" ESaelocé bEO2O0OOOD = eax, 2

IL_0026: Tet

opoDT7ILd" 65b01leck BEOZODODOD -1 eax,d
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* [lpon3BOAUTENBHOCTb - dPUNYa
* 3HaMUTe Ball PaHTalUMm
* [IpOEeKTUPYNTE TECTbI NPABU/IBHO

AHaTonunm Nono.

Net2Phone, Director of Engineering
me@aensidhe.ru
https://github.com/aensidhe
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Cnuncok nutepatypbl npo NewSql

* http://www.christof-strauch.de/nosqldbs.pdf

* https://habr.com/company/oleg-bunin/blog/413557/
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