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YDB — orka3oycTtomMumBan pacnpepeneHHas
nnarcgopma, peanm3osaHHana Ha C++
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N3HavyanbHoO YDB Topic OLAP A He TOnNbKO
OLTP Service
(aHanor kafka) BeKTOpHbIN
MOUCK
TpaH3akuum
Mexay
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n Tadbnuuammn




JTio6umwb CYB]I1l nucarb —
nobu n beHumMmapkm sanyckartb

Harpy3o4Hoe [lpegoTBpaLleHne
TECTUpOBaHME performance-perpeccumn
[IpoBepkKa CpaBHeHMe

onTUMmM3aumm n puy c apyrumun CYb[
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Mbl X0TeNn Harpy3uTb Knacrep ... Ho CHayana Harpy3unm KnueHT




Joknaa o TomM, Kak 3dheKTMBHO
peanu3oBartb beHumapk CYb

TPC-C — cambin nonynapHbi oeHuymapk OLTP.
Korga CYB[l pacnpeneneHHas, KpanHe BaXHa a(PdPEKTUBHOCTb €ro peannsauymm

Mbl nonpoboBanu nonynsapHyd MHOrOMOTOYHYIO peanu3aunio Ha Java —
HaM He NOHPaBUNOCH

KOpyTUHbI — naeanbHbI MHCTPYMEHT ONA Takux 3agad.
B C++ OH CNOXHbIX, HO CTOUT HAY4YUTbLCS €ro NPUMeEHATb
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He Tonbko 3chcheKTMBHO, HO U YUMTaAEeMmMo

HIGH-PERFORMANCE
DATABASE
BENCHMARK
FRAMEWORK

ASYNC COROUTINES
|I0_URING
CUSTOM SCHEDULER

LOCK-FREE EVERYTHING
STATISTICS

TUNING GUIDE
AND RAMBLINGS
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Koa B npe3seHTaumm

Ha ocHoBe Hawlero TPC-C u conyTcTBYOLMX NPOEKTOB.
AJanTnpoBaH A4 npeseHTauunmn

B KOHLEe npe3eHTauunn eCcTb CChIfika Ha peanbHbIU KOA,
B T.4. BHe YDB, ¢ KoTopbiM Nerko noskCcnepumMeHTUpoBaTh
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TPC-C

CtaHaapTt nosiBuncs B 1992 roagy

CockroachDB

«EgnHCTBEHHAA OObEKTUBHAA METOAMKA
oLeHKn npounssoautenbHoctn OLTP»

YugabyteDB

«Hanbonee peannctmnyHoe
N OOBLEKTUBHOE U3MEPEHUNE
npounssogutenbHoctn OLTP-cnucrem»




TPC-C — amynauma e-commerce
opraHm3sauum
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Jlornka TPC-C

Yncno cknagoB 3agaeTca npu 3anycke

Kaxabin cknag oocnyxusaet 10 pavioHos, npumepHo 100 Mb aaHHbIX
B Kaxaom panoHe eCTb TepMUHan

[lonb3oBaTenu genarT 3aKkasbl 1 onnadvynBaloT UX

MIHoraa npoBepdaeTca cTaTyc 3akasa

BbinonHaeTcsa oocTaBKa

Ha cknagax npoBoaAUTCA MHBEHTapu3aung



TepmmnHanos
COTHM ThICAY

TepMmuHans! m Tpan3akumm TPC-C

Kaxkabl TepMUHarn TpaH3aKkuMn COCTOAT
nmbo cnuTt, nnbo n3 5-10 3anpocos
BbINOJIHAET B CYBI n o4yeHb
MHTEPAKTUBHYIO NPOCTON U ObICTPOU

TPAH3aKUNIO JTOT'MKU Mexxay HUMH



NMpoekt CMU Benchbhase

Multi-DBMS SQL
Benchmarking
Framework

Ha ocHoBe JDBC

EOonHCTBEHHaAsA
LLINPOKO N3BECTHAaA
peanusauus TPC-C

HanwucaH

B Carnegie Mellon.
[log pykoBOOCTBOM
npodp. SHAm [1aBno

YugabyteDB
ncnonb3yeTt PopkK
Benchbase

»
-

Jlerko nobaBnaTb
HoBble CYB/1
N BeHYMapKK

CHa4ana Mbl noLunu
TEM Xe NyTEM
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15 000 cknapos

~—— B opurnHanbHom Benchbase TPC-C ——

150 000

notokos OC

600

GB RAM

TpeboBaHMA K KNMEHTY ANA 3anycka

3anyckanun TPC-C
Ha S cepBepax
(Kaxxgbin 128 anep
n 512 GB RAM)

YDB pabotan
Ha 3 Takux cepBepax!

16



Macwtabupyemcs

Xotum nporpy3nts CYB/,
B KoTopoun 9, 15, 30, 60, 81 cepBepoB

- YDB
CockroachDB

*  YugabyteDB

$10,000

CTOUT OOUH Takou akcnepnmeHT B AWS

N ogHUM 3KCnepuMeHTOM He 06onTUCH
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PopkHynm benchbase

» qithub.com/ydb-platform/tpcc v github.com/ydb-platform/tpcc-postgres

»  3ameHunu notokn OC Ha BupTyanbHble NOTOKKN Java

*  YMEeHbLUUNM notpedneHne namaTs

e Ctano ~ e

1 CPU core — 1000 cknanos

6 MiB RAM Ha kaxabln cknag

15 000 cknapos

90 GiIB RAM BmecTto 600 GIB

Pa3symHoe duncno notokos OC
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https://github.com/ydb-platform/tpcc-postgres
https://github.com/ydb-platform/tpcc-postgres

Ynyuwarb Henb3A nepenucarb




lpoekTnpyem
TPC-C Ha C++
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TepMUuHanbl
M TpaH3akuum TPC-C

// Terminal

while (Now() < EndTs) A
auto type = PickTransaction();
auto input = MakeInput(type);
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TepMUuHanbl
M TpaH3akuum TPC-C

// Terminal
while (Now() < EndTs) {

// simulate user typing / preparing request
Sleep(KeyingTime(type));
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TepMmuuHan.i
M TpaH3akuum TPC-C

// Terminal
while (Now() < EndTs) {

auto result = RunTx(input);
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TepMmuuHan.i
M TpaH3akuum TPC-C

// Terminal
while (Now() < EndTs) {

// simulate user thinking after response
Sleep(ThinkTime(type));

Stats.Record(type, result);
I3
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// Simplified transaction

TepM"Hanbl TxResult RunTx(Input input) A

U TPAH3IaAKLMM TPC'C auto tx = db.BeginTransaction();

auto r1 = tx.Query(sqll).GetValueSync();
// process rl
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// Simplified transaction
TxResult RunTx(Input input) A

TepMUuHanbl
m TpaH3akuum TPC-C

auto r2 = tx.Query(sql2).GetValueSync();
// process r2

26



TepMUuHanbl
M TpaH3akuum TPC-C

auto rl10 = tx.Query(sqll@).GetValueSync();
// process rlo

return tx.Commit().GetValueSync();

}
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TepMmuHans! u Tpan3akumm TPC-C

TepmMmunHanol
MHOIO CNAT:
CUHXPOHHbIU
CUCTEMHbIN BbI30B

TpaH3akumu
bonbLUYIO YacTb
BPEMEHM XAOYT
orBeTa oT CYb/l

B ynpoLueHHOM
Koge TpaH3aKkuun
MCNonb3yeTcs
aCUHXPOHHBLIN API,
HO Mbl CUHXPOHHO
XOEM 3aBepLUEHUS



OavH TepMmuyuHan — oAMH NOTOK?

I[1oCTOUHCTBA

*  O4eHb yOobHO nNucaTb/vUTaTh
Takoun Ko

« OC obecneymBaeT YyecTHOE
pasferneHne BpeEMEHUN Mexay
TepMUHanamm

» OC orBevaeT 3a coxpaHeHue
N BOCCTaAHOBNEHNE KOHTEKCTA
NOTOKa-TepMUHana

Hepoctatku

MHOro NOTOKOB He co3aaTb:
MaKCUMYM HECKOSNbKO OECATKOB
Tbica4, a B TPC-C cOTHU TbICAY
TEePMUHANOB

[loTeHUManbHO BbICOKOE
noTpebrneHne NnamaTn: CTEKU
NOTOKOB U page-level fragmentation
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MukpobeHumapk:
KOPYTUHbI NPOTUB NOTOKOB

Cospgaem N workers: NOTOKM NN KOPYTUHbI

32 dpusmndeckmnx agpa (sce Ha ogHon NUMA-Hoae)

1 cekyHOa warmup + 5 cekyHA, BbINOJIHEHUE

Kaxkgbl genaeTt KopoTKoe BbluncneHue B tedeHne 1 MKc, 3atem yield
N3amepaem cymmapHoe 4Yncno onepauum B CeKyHAOy

N3mepsiem obLliee BpeMsa BbINOSIHEHUA TeCTa



MukpobeHumMapk: KOpYTMHbI NPOTUB NOTOKOB

slice us=1 s, pool size=32 — log X
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MukpobeHumapk:

KOPYTMHbI NPOTUB NOTOKOB

wall time, slice us=1 pus

—&— threads
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OTOKM He macutabupyrorcs.
HM 3anyTbiBalOTCH.

Scheduler

10K threads later...
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Async API: future

// threadl // thread?
auto future = tx.Query(sql); //
// do something //
if (future.HasValue()) { // DBMS processes the query on another host
return; //
I3 // DBMS replied
// do something // <—""—""-""7"7"m+"Hm"H—H—""-"-""r——— -> promise.SetValue(value);
if (future.HasValue()) {
return;
s
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Async API: future

OTCcyTCTBYET
B CTaHOAPTHOW
onbnunoTeke

Llenoyka (komMno3nuus)

auto future = tx.Query(sqll)
Apply([&] (auto r1) A
// process rl
return tx.Query(sql2);
r);

be3 aToro HeyaobHO Ho ecTb npakTn4ecku
nMcaTb Koa

BO BCEX CTOPOHHUX
ononmnotekax

~
tx.Query(sqll)
.Subscribe( [&] (auto r1) {
std::cout << “query 1 1s ready”;
1)
J
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NMynsbl n future

HaLl Tanmep

ContinueWith()

Lernoykn n3a future(),
BbINOSTHAKOLLNECH
B OQHOM nyrne

-

N
auto futurel = pool.After(sleepInterval);
auto future2 = pool.ContinueWith(futurel, [&](auto) {
return RunTx(input, pool);
F);
J

36



Async API: tpan3sakuuma Ha future

1 Query() BoO3BpaLllaeT future Ha pes3ynbraT

Query() BHYTPWU cebs XpaHUT promise,
2 yepes3 KOTOPbIM NPOCTaBNAET pe3ynbrar,
Korga OH roToB

Micnonb3yem uenoykn n3 future (Apply):
3 pe3ynbraTt sqll nogaeTca Ha BxoAd lambda,
KOTopada Ha ero ocHoBe 3anyckaeT sql2

4 )
auto tx = db.BeginTransaction();
auto f1l = tx.Query(sqll);
auto f2 = fl.Apply([]l(auto r1) {

// process rl
return tx.Query(sql2);
+);
return f2;
\_ Y,
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TxResult RunTx(Input input) { Future<TxResult> RunTx(Input input) {

auto tx = db.BeginTransaction(); auto tx = db.BeginTransaction();
_ _ return tx.Query(sqll)
?3to r1 = txiQuery(sqll).GetValueSync(). Apply([&] (auto r1) {
protess 1 // process rl
auto r2 = tx.Query(sql2).GetValueSync(); return tx.Query(sql2);
// process r2 1)
// r3-r9
// r3-r9 Apply([&] (auto r10) {
. // process rlo
auto r10@ = tx.Query(sqll@).GetValueSync(); return tx.Commit();

// process rlo 1)

return tx.Commit().GetValueSync();
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Async API: KTO uTO BbiNnonHaAer?

1 RunTx () BbIMONMHAETCA B NMNOTOKE Nosib3oBaTend Future<TxResult> RunTx(Input input) {
auto tx = db.BeginTransaction();
return tx.Query(sqll)

Apply([&] (auto rl) A
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Async API: KTO uTO BbiNnonHaAer?

1 RunTx () BbIMONHAETCSA B MOTOKE NoNnb3oBaTens

Bce, 4yTo nocne nepBoro Apply () BbIMOMHUT
2 TOT, KTO NPOCTaBA€eT 3Ha4YeHne promise.

B Hawem cny4ae at1o notok SDK 6a3bl

// process rl
return tx.Query(sql2);
})

// r3-r9

Apply ([&] (auto r10) {
// process rlo
return tx.Commit();

r);
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Async API: KTO uTto BbinNnonHaAer?

1 RunTx () BbINONMHAETCA B NMNOTOKE Norb30oBaTens Future<TxResult> RunTx(Input input) {
auto tx = db.BeginTransaction();
return tx.Query(sqll)

Apply([&] (auto r1) {

Bcé, 4to nocne nepBoro Apply () BbIMOMHUT // process rl
_ return tx.Query(sql2);
2 TOT, KTO NMPOCTaBNAET 3Ha4YeHue promise. 1)

B Hawem cny4ae at1o notok SDK 6a3bl // r3-r9
Apply([&] (auto r10) {

// process rl@
return tx.Commit();

r);

bonbluaa YacTb Nonb3oBaTeNnbCKOro Koaa 1
nepeesxaeT Ha BbINOSTHEHWE B ApYyrne rnoToKu,
KOTOpPbI€ Mbl HE KOHTPONUpyem

@ A 4TO ecnn Mbl BO3bMEM 1 3abrnoKknpyem

Bce notokn SDK?

41



// Terminal (single user)

Async API:
PR while (Now() < EndTs) A
d UYTO C TepMMUHAJINIOM¢ auto type = PickTransaction();

// simulate user typing / preparing request
Sleep(KeyingTime(type));

Tenepb RunTx() BO3BpaLlaeT
1 future: ONTIOKMpPOBATLCS

g auto future = RunTx(input); // DB interaction
HAa HEeN Mbl HE MO>XEM

// simulate user thinking after response
) Sleep(ThinkTime(type));
Ewe Hago 4YTo-TO aenaTthb

CO CHOM

Stats.Record(type, result);
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Async APIl: He6nokupyrowmmn TepmMmmHan

struct TTerminalState {
Promise<void> Done;
TInstant EndTs;

TransactionType Type;
Input Input;
i
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Async APIl: He6nokupyrowmmn TepmMmmHan

struct TTerminalState {
Promise<void> Done;
TInstant EndTs;

TransactionType Type;
Input Input;
¥

Future<void> RunTerminal(TInstant endTs, IPool& pool) A
auto state = std::make unique<TTerminalState>();
state—>EndTs = endTs;

auto future = state—>Done.GetFuture();

pool.Schedule([state = std::move(state), &pool] () mutable {
TerminalStep(std::move(state), pool);

});

return future;

A4



Async APIl: He6nokupyrowmmn TepmMmmHan

void TerminalStep(std::unique_ptr<TTerminalState> state, IPool& pool) A
if (Now() >= state—->EndTs) {
state—>Done.SetValue();
return,;
I3
state—>Type = PickTransaction();
state—>Input = MakeInput(state->Type);
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Async APIl: He6nokupyrowmmn TepmMmmHan

auto f1 = pool.After(KeyingTime(state->Type));
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Async APIl: He6nokupyrowmmn TepmMmmHan

pool.ContinueWith(f1l, [state = std::move(state), &pool](auto) mutable {
auto f2 = RunTx(state—>Input, pool);

pool.ContinueWith(f2, [state = std::move(state), &pool](auto result) mutable {
Stats.Record(state->Type, result);
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Async APIl: He6nokupyrowmmn TepmMmmHan

auto f3 = pool.After(ThinkTime(state->Type));
pool.ContinueWith(f3, [state = std::move(state), &pool](auto) mutable {
pool.Schedule([state = std::move(state), &pooll() mutable {
TerminalStep(std::move(state), pool);
r);
F);
1)
3);
}
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bbifio — ctano: callback hell

: - includesrucare > = BC (et )
void RunTerminal(TInstant endTs) A e SRR S Tl { g e T S S S SSS

<optional> TInstant EndTs; | B .OF;IRT} AR

<vector> TxType Type; std:: exception_ptr error;
Input Input; std:: coroutine_handle<> continuation;

while (Now() < EndTs) { ity et e TRl = B
A ; T : z | V \d Tﬂ’rmma\g G"’kS'Ld U""que Ptr(lﬂ"'" inal ST, = ' ) return Ta '(‘.{ - :

st tine_handle < promise_type>::from promise(‘

———————————— - - — 3

u | ST v — - —
auto type = PickTransaction() S ekl O e A Ty

- .

struct FinalAwe

- ing TInstant = steady_c clock::time_point; | state->EndTs = endTs; A : ) oy
auto input = MakeInput(type); e e | avto £t = state-sDone. GetFuture O B O (e b
’ Read, Write, Scan, U t ixed | . e ([s= std::move(state), &poolJ () ' if (h.promise().continuation)
- | T \inal Po-’\,\,schcdu'.(* (h. prorm-.r( ). contin
‘ | ; 1 else
Input { 3: ) Fhdestroy ()3
. . TxType Type; return tut; 3} =7,
ee p ey in g ime t y p e . wint64_t Key: gl o il | void it resume () noescep
’ }.Std:: Str‘ng PGY\oad; ' | Te 'lf\\h&l 'ch \(Std umque p;l’( TTerminalState> S ate, IPo 1 rnlnx Awaiter final_ Susp n-ﬂ()
; £ (Now() >= state->EndTs) { R S e veld () noekcen! {}
e OT!:.ReSult { ‘ state->Done.SetValue(); unhe _exception()
t — . - uint32_t Rows; | } A0 LD, error = std::current "‘""”"(h
a u O re S u — u n X l n p u -t ’ }.Std::chrono:'nonoseconds Latency; | state->Type = Pic KTransaction();
=2 Stots { state->Input = M LkPTnpuﬁ(Sta’te->Type);
Stats 14
std::atomi f<umte4 t> Cnt £1 = pool. After (KeyingTime (state->Type));
u u ;:at V ; AP t 2 ContinueWith (std:: move (f1),
Sleep(ThinkTime(type)); i s kst AR
V ecorc X 1YF t ne A ! s lun 1X s->1In «,‘_&4-’ 500 /"
’ Cnt ch_add (1, std::memory_order_ . ‘ P

ch_add( { = pool.ContinueWi ith ’i;."ﬂ" move (£2),
on_cast <microseconds>(r.Latency), | r std:: move ( ) &Pool:] TxResult res)
nt(), | tots d(s- >Typ s res),
-mory_order'_relaxed); { o hinkTime (s->Type ));
.0k) Fail.fetch_add (1, { x ‘ YPe//5
::memory_order_relaxed); I (EC atinue With (std - move (£3)] < (haai)
' std::move(s), &pool]( rmud { auto type
pool S(_r\edu\v(LS: std:: move (s), &pool] () X ;#;)L,
R .

Tummg\ Step (std:: ve (s), pool);

) 3

- .

Stats.Record(type, result)

Tlnstant Now() {
steady_clock:: now();
TxTypo PickTransaction
Input MakeInput (TxType);
microseconds K(,ymaTlme /TxTyp( )
microseconds ThinkTime (TxType);
Future <TxResult> pnm\x(
Inpui S re

MakeFuture ();

( .‘roui:.m: H
state co_await
Promise / Fut } {

w{‘-J

l PICk + MakanPut

Schec

- continuations

|

|

|

]
lifetime managem
error I,‘Lumbing

Cafter Ung))

\ r A-Ftcr‘(Thnnk) )
- /Lbchgdule Next S’cep )




Async API:
TPpaH3aKuusa
C nynom

Future<TxResult> RunTx(Input input, IPool& pool) {

auto tx = db.BeginTransaction();

auto f1l = tx.Query(sqll);

auto f2 = pool.ContinuewWith(f1, [&](auto r1) {
// process rl
return tx.Query(sql2);

r);

/] ..

auto f10 = pool.ContinueWith(f9, [&](auto r9) {
// process r9
return tx.Query(sqllQ);

r);

return pool.ContinueWith(f10, [&](auto r10) {
// process rlo
return tx.Commit();

r);
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bbiNno — cTano: TpaH3aKumusa

TxResult RunTx(Input input) {
auto tx = db.BeginTransaction();

auto rl1 = tx.Query(sqll).WaitGetResult();
// process rl

auto r2 = tx.Query(sql2).WaitGetResult();
// process r2

// r3—-r9

auto r1@ = tx.Query(sqll@).WaitGetResult();
// process rlo

return tx.Commit().WaitGetResult();

Future<TxResult> RunTx(Input input, IPool& pool) A

auto tx = db.BeginTransaction();

auto f1l = tx.Query(sqll);

auto f2 = pool.ContinueWith(f1l, [&](auto r1) {
// process rl

return tx.Query(sql2);

P ;

// r3—-r9

auto f10 = pool.ContinueWith(f9, [&](auto r9) {
// process r9
return tx.Query(sqll0);

P ;

return pool.ContinueWith(f10, [&](auto r10) {
// process rlo
return tx.Commit():;

F);
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Monyuunu acpdeKTMBHLbLIM KO, HO

O

O

busHec-noruka obepHyTa B nynbl
N LenoYkn obio4 — HAaMHOIo
XYK€ YNTaeTCH

bonblune namoabl CNOXHO YNTaTb.
A ecnu BbIHOCUTb LIEMOYKU B (PYHKLINN,
TO KOO pacnons3aeTcd no gauny

XoTernocb Obl COXpaHUTb
9PPEKTUBHOCTb N BEPHYTH
YNTAEMOCTb
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TpaH3aKumMAa Ha KOPYTUHAaX

O

O

KoO no4dTu He oTnnyaeTcs
OT NepBOHa4YallbHOrO CUHXPOHHOIO

Micnonb3yeT acMHXPOHHLIN API:
ybpaHbl GetValueSync()

Tak ke apdeKTnBEH, Kak Koa
C (pbloYaMWK

MOXXHO CO34aBaTb COTHU ThbICAY
KOPYTUH

-

TFuture<TxResult> RunTx(Input input) {
auto tx = db.BeginTransaction();

auto r1l = co_await tx.Query(sqll);
// process rl

auto r2 = co_await tx.Query(sql2);
// process r2

// r3-r9

auto rl1l0 = co_await tx.Query(sqllQ);
// process rlo

co_return tx.Commit();

53



TepMuuHan Ha KOpyTuHax

ACUHXPOHHbLIN KOO Ha doblovax
1 (PP EKTUBEH, HO €0 CINOXHEE
nnucaTb 1 COMPOBOXAATh

CUHXPOHHbIW KOA, Obli MPOCT
2 Ons noHMmMaHua. Ho HeadbdhekTuBeH
M MHOrO NOTOKOB He co34aThb

KOpyTWHBI BbIMAOAT CIULLKOM
3 npuBnekartenbHo. YTo Xe Tam
noa Karnotom?

-

TFuture<void> RunTerminal(TInstant endTs) {
while(Now() < endTs) {

auto type = PickTransaction();
auto input = MakeInput(type);

co_await Sleep(KeyingTime(type));

auto result = co_await RunTx(input);

Stats.Record(type, result);
co_await Sleep(ThinkTime(type));

~
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[ pokaem
KOPYTUHBDI
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NMpo3pauHaa CUHXPOHHAaA Bepcun

BHYTpU GetValueSync() U Sleep() tx.Query(sqgll).GetValueSync();

CNCTEMHbIE Bbl30BbI Sleep(KeyingTime(type));

OnepaunoHHasa cnctema CoxpaHsieT
KOHTEKCT MoTOoKa: PErnmcTpbl, CTEK

OC cama peluaeT, Kakou NoTOK 3anyCTUThb
cneayrLlwmm — 3anyckaeTcsa gpyrou
TEepMUHAT

Korga 3aKOHYUTCA COH UM NPOCUTHANUT
wWait () n noasutca cesodboaHbin CPU,
OC BOCCTAHOBUT COCTOAHME MOTOKA

N TepMUHaN NpPoOoSIKUT CBOKO paboTy



KoOpyTUHBI — CMHTaAKCUYeCKMM caxap

4 )

» OueHb MOXOXE Ha CUHXPOHHbI KOA; co_await Sleep(KeyingTime(type));
| ' auto result = co_await RunTx(input);
«brnoknpyemcsi» B co_await, COCTOSAHUNE
COXpaHAETCA N BOCCTaHABJIINBAETCH
Mo rOTOBHOCTU _ y

» OC HMYero He 3HaAET O KOPYTUHAX

»  KoMnunatop reHepupyeT OOMONMHUTENbHLIN
KoAd, HUKaKou Apyron marum Het

»  KoMnunaTop He aenaeTt HUYero,
YTO HENb34 ObINo Obl HANMcaTb B CTapbIX
Bepcuax C++. HUto mbl n nonpobyem
caenatb ganee

o7



TepmuHan 6e3 caxapa: ebigensem state

void RunTerminal(TInstant endTs) < enum class EState {
while (Now() < EndTs) { >Leep,
to t = PickT tion(); Sunvx,
aUto input = MakeInput(type); ProcessResult,
P B P YPE/: Terminate,
Sleep(KeyingTime(type)); rs
auto result = RunTx(input);
Sleep(ThinkTime(type)); B
Stats.Record(type, result);
I3
I3
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TepMmuHan 6e3 caxapa: sbigensaem state

void RunTerminal(TInstant endTs) { enum class EState {
. 1 ,
while (Now() < EndTs) { §u§$£
to type = PickTransaction(); '
:uto input = MakeInput(t e)" ProcessResult,
u put = pu YPE/: Terminate,
Sleep(KeyingTime(type)); rs
auto result = RunTx(input); struct TState {

EState State;

Sleep(ThinkTime(type)); TFuture<void> StateDone:
StatS.ReCOrd(type, FESUIt); TInStant ende;
b TransactionType Type;
I3 Input Input;
std::optional<TxResult> Result;
&

void RunTerminal(TStatex state):
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TepMUMHan — ctTemT-MallMHa

void RunTerminal(TStatefulTaskx state) {

-

switch (state->State) {
case EState::Sleep: { <«

return;

+

case EState::RunTx: {
return;

+

case EState::ProcessResult: {
return;

+

F

case EState::Sleep: {
state->Type = PickTransaction();
state—>Input = MakeInput(state—>Type);
state->Result.reset();

auto& sleepTime = KeyingTime(state->Type);
state—->StateDone = pool.After(sleepTime);
state—>State = EState: :RunTx;

return;
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TepMUMHan — ctTemT-MallMHa

void RunTerminal(TStatefulTaskx state) {

2

-

switch (state->State) {
case EState::Sleep: {

return;

+

case EState::RunTx: { =
return;

+

case EState::ProcessResult: {
return;

+

+

case EState::RunTx: {
state->StateDone = RunTx(state->Input, pool)
Apply([state] (auto result) {
state—>Result = std::move(result);

r);

state—>State =
return;

EState::ProcessResult:
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TepMuMHan — CTeMT-MalUMHa ©

-
void RunTerminal(TStatefulTaskx state) { case EState::ProcessResult: {
Stats.Record(state->Type, *xstate->Result);
state—>StateDone = pool.After(ThinkTime(state—>Type));
state—>State = EState::Sleep;
return;
s
switch (state->State) {
case EState::Sleep: {
return;
; \_
case EState::RunTx: {
return;
+
case EState::ProcessResult: { <«
return;
+
+
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OT ctTemTa
K TackKke

struct TStatefulTask {
EState State = EState::Sleep;
[/
void Resume() {
RunTerminal(this);

}

bool Done() const {
return State == EState::Terminate:

+
b
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N TStatefulTask CreateTerminal(TInstant endTs, IPool& pool) {
T CTeuTa return TStatefulTask{

.State = EState::Sleep,
.Pool = &pool,

K TaCKe , .EndTs = endTs,
y ’

auto state = std::make_shared<TStatefulTask>(CreateTerminal(endTs, pool));

struct TStatefulTask {
EState State = EState::Sleep;
[/
void Resume() {
RunTerminal(this);

}

bool Done() const {
return State == EState::Terminate:

+
b
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OT ctTemTa
K TackKke

struct TStatefulTask {
EState State = EState::Sleep;
[/
void Resume() {
RunTerminal(this);

}

bool Done() const {
return State == EState::Terminate:

+
b

std::function<void()> driver;
driver = [state] {
if (state->Done()) {
return;

}

state->Resume();
state—>Pool->ContinueWith(state->StateDone, driver);

&

driver():
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KnouyeBbié MOMEHTbHI

[Ipeobpa3oBaHme B state-mallmnHYy:

1  struct TStatefulTask;
« void RunTerminal(TStatefulTask* state);

CosgaHune Tackin

Hy>XXHa CyLWHOCTb, KOTOpagqa Bbi3bliBAET

Yy Tackn Resume(), korga Tacka rotoea

K BbINMONHEHUIO. B npumepe 3to gpamnsep,
Ha npakTuke obbI4HO NULYT Scheduler

-

~
void RunTerminal(TInstant endTs) {

while (Now() < EndTs) {
auto type = PickTransaction();
auto input = MakeInput(type);
Sleep(KeyingTime(type));
auto result = RunTx(input);

Sleep(ThinkTime(type));

Stats.Record(type, result);
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if (state == Sleep) { ... }
else if (state == RunTx) { ... }
else if (state == ProcessResult) {

pool.ContinueWith(future,

driver);
3 1 ot
EAT at .
SWITCH By, v
SLEEP S »
REPEAT : HAND-WRITTEN

CORQUTINE

‘?-

At

—
-
o
—
-




KopyTuHbl B C++20

Ecnn B yHKUMM BCTpeYyaeTc4
OAHO U3 3TKUX CIOB

CO_awalt co_return
co_yileld

TO 3TO HEe PYHKLUMUSA, a KOPYTUHA

TFuture<void> RunTerminal(TInstant
endTs) {
while (Now() < endTs) {
auto type = PickTransaction();
auto input = MakeInput(type);

co_await Sleep(KeyingTime(type));

auto result = co awailt
RunTx(input);
Stats.Record(type, result);

co_await Sleep(ThinkTime(type));

}
}
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PDYyHKUMA HEe (PYHKUMUA

1 2

3

KopyTuHa BbIrmaguT Ha camom gene Cama QyHKUUA
Kak pyHKLMNA, KOTOPYIO Npu ee Bbl30BE BbI3bIBAETCH npeobpasoBaHa
MO>XHO BbI3BaTb «KOHCTPYKTOP» KOPYTUHbI B CTEUT-MALLUUNHY
4 )
4 auto task = RunTerminal(endTs);
5 // compiler transforms into
BbI30B CTENT-MALUVHbI CNpATaH auto task = CreateTerminalTask(endTs);
B BUAE resume() BHYTPU task. task.handle->resume();
KopyTuHa MOXeT ObITb 3anyLieHa
cpasy unu notom, nogpobHee nosxe
\_ /
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DYyHKUMA HEe PYHKUMA

EAT
AWAIT
LEEP
EAT




HepocTamowume sanyactm?

// coroutine

@ KopyTI/IHa NOMKHa BOBPALLATE TUN T TFuture<void> RunTerminal(TInstant endTs) {

Y KOTOPOIro eCTb T::promise_type
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HepocTamowume sanyactm?

@ KopyTuHa gormkHa soBpailaTtb tun T,
Y KOTOPOIro eCTb T::promise_type

@ CnpaBa OT co_await JOIMKEH ObITb
awalitable TUN

}

}

co_await Sleep(KeyingTime(type));

co_await Sleep(ThinkTime(type));
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HepocTamowume sanyactm?

// coroutine

@ KOpyTWHa A0MKHA BOBpALLATH Tvn T, TFuture<void> RunTerminal(TInstant endTs) {

Y KOTOPOIro eCTb T::promise_type

co_await Sleep(KeyingTime(type));
@ CnpaBa OT co_await JOIMKEH ObITb
awalitable TUN

co_await Sleep(ThinkTime(type));
+

@ B peanusauuun TFuture B YDB ;

M folly::Future BCE 3TO yXe eCTb // usage
auto task = RunTerminal(endTs);
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HepocTamowume sanyactm?

// coroutine

@ KOpyTWHa A0MKHA BOBpALLATH Tvn T, TFuture<void> RunTerminal(TInstant endTs) {

Y KOTOPOIro eCTb T::promise_type

co_await Sleep(KeyingTime(type));
@ CnpaBa OT co_await JOIMKEH ObITb
awalitable TUN

co_await Sleep(ThinkTime(type));
+

@ B peanusauuun TFuture B YDB ;

M folly::Future BCE 3TO yXe eCTb // usage
auto task = RunTerminal(endTs);

@ TemMm He MmeHee None3Ho NoOHMMAaTb,
YTO BHYTPWU
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TFuture<void>::promise_type

// auto task = RunTerminal(endTs):
// transforms 1nto

autox promise = new promise_type;
auto task = promise->get_return_object();

auto h = MakeCoroutineHandle(promise);

if (promise—initial suspend() = suspend_never) {
h.resume();

}

task.GetValueSync();
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TFuture<void>::promise_type template <typename... Args>

struct coroutine traits<TFuture<void>, Args...> {
struct promise_type {
TPromise<void> promise;

// auto task = RunTerminal(endTs):

// transforms into TFuture<void> get_return_object() {

return promise.GetFuture();
}

autox promise = new promise_type;
auto task = promise->get_return_object();

auto h = MakeCoroutineHandle(promise);

if (promise—initial suspend() = suspend_never) {
h.resume();

}

task.GetValueSync();
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TFuture<void>::promise_type

// auto task = RunTerminal(endTs):
// transforms 1nto

autox promise = new promise_type;

auto task = promise—>get return_object(); std: :suspend_never initial suspend() noexcept { returmn {}; }

auto h = MakeCoroutineHandle(promise);

if (promise—initial suspend() = suspend_never) {
h.resume();

}

task.GetValueSync();
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TFuture<void>::promise_type

// auto task = RunTerminal(endTs):
// transforms 1nto

autox promise = new promise_type;
auto task = promise->get_return_object();

auto h = MakeCoroutineHandle(promise);

if (promise—initial suspend() = suspend_never) {
h.resume();

}

task.GetValueSync();

&

F;

void return_void() {
promise.SetValue();

¥

void unhandled_exception() {
promise.SetException(std::current_exception());
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Awaitable TFuture<void>

TFuture<TxResult> RunTx(Input input);

// auto result = co_await RunTx(input);
// transforms into
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Awaitable TFuture<void>

// auto result = co_await RunTx(input);
// transforms into

TFuture<TxResult> tmp = RunTx(input);
auto awaiter = TFutureAwaiter<TxResult>
{ std::move(tmp) };

template <typename T>

TFutureAwaiter<T> operator co_await(TFuture<T>&& future) {
return TFutureAwaiter<T>{std::move(future)};

I3
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Awaitable TFuture<void>

bool await ready() {
return Future.IsReady();

}

void await_suspend(std::coroutine_handle<> handle) {
Future.Subscribe( [handle] () { handle.resume(); });

I3
if (lawaiter.await_ready()) {
// suspend current coroutine
awaiter.await_suspend(
std::coroutine handle<>::from address(...));
return; // return to caller / to the resumer 1

}
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Awaitable TFuture<void>

auto result = awaiter.await resume():

T await resume() {
return Future.Get():

}
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A rpe >xe NOTOKM M Nynbi?

1 Bce TepmMmuHanbl Npu Bbi3oBe RunTerminal()
HA4YHYT BbINOMHATLCA B TEKYLLEM MOTOKE

struct promise type {
std: :suspend never initial suspend() noexcept;

};

// coroutine
TFuture<void> RunTerminal(TInstant endTs) {

// usage

std: :vector<TFuture<void> tasks:
for (int 1 = 0: i < Terminals.size(): ++i) {
tasks.emplace_back(RunTerminal(endTs));

}

83



A rpe >xe NOTOKM M Nynbi?

// coroutine |
1 Bce TepMuHanbl Npu Bbl3oBe RunTerminal() TFuture<void> RunTerminal(TInstant endTs) A{

while (Now() < endTs) {
Ha‘-IHyT BbINMOJIHATBLCHA B TeKyLLl,eM [MOTOKe

co_await Sleep(KeyingTime(type));
TepMI/IHaﬂ BbITOJIHAETCA B TEKYLLEM MNMOTOKE

40 NepBOro co_await

2
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A rpe >xe nNOTOKM U nynbi?

// coroutine
. TFuture<void> RunTerminal(TInstant endTs) {
1 Bce TepMmnHanbl npu Bbi3oBe RunTerminal() while (Now() < endTs) {

HAa4YHYT BbINOJIHATBCA B TEKYLLEM MNOTOKE

Teplvlean BbINOJIHAETCA B TEKYLLEM [MOTOKE
40 NepBOro co_await

auto result = co_await RunTx(input);

2

[lanblue TepMmnHanbl BbINOMHAKTCA B NOTOKE,
KOTOPbIN NPOCTABMNAET 3Ha4YeHne future

3

O4yeHb HaNOMMHAET NEPBbIN BapuUaHT

Ha doblovax 6e3 nyros!
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co_await m nepeknaaka B nys
1 [1obaBnaem MOHOTOHHO pacTyLUX YHUKaNbHbIU TerminalID

2 B nyne N-noTtokoB. TepMnHan BbINOMHAETCA Bcerga B NoToke threadHint =TerminalID %N

3 B Havane RunTerminal() nepeknagbiBaemM B HY>XHbIX MOTOK NMpu HEOOXoaMMOCTH

4 )

TFuture<void> RunTerminal(TInstant endTs) {
auto threadHint = TerminalID % Pool.size():
co_await TScheduleOnPool(pool, threadHint);
while (Now() < context.EndTs) {

[/ .

s

\_ y,
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// awalt until coroutine is resumed inside thread pool
struct TScheduleOnPool {

TScheduleOnPool(IThreadPool& pool, size t threadHint)
: Pool(pool)

, ThreadHint (threadHint)

{}

bool await_ready() {
} return Pool.IsInThisThread(threadHint):

bool await suspend(std::coroutine handle<> h) {
// already on pool thread - continue immediately
if (Pool.IsInThisThread(threadHint)) <{
return false;

}

// schedule continuation into pool
Pool.Schedule(h, ThreadHint);
return true;

}

void await resume() {}

IThreadPool& Pool:
size t ThreadHint;
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Back to the future B Hy>xHOM noToke

Bo mHormnx peanunsauuax future auto rl = co_await tx.Query(sqll);
KOO, KOPYTUHbI OyaeT NnpoOosiKeH

B TOM MOTOKE, KOTOPbIN MPOCTaBUJ

3HayeHne future

B acunxpoHHom API CYB/
yacTo 310 notok CYb[]

Mbl HE XOTUM BbINOSTHATb
HaLl KOO B «YYXXUX» MOTOKaX



Back to the future B Hy>kHOM noToke

Bo mHorux peanunsauuax future
1 KOO KOPYTUHbI OyaeT NpoaosKeH

B TOM MNOTOKE, KOTOPbIN NPOCTaBUI

3HavyeHue future

B acuHxpoHHom AP| CYB/
yacTo 310 notok CYb[]

Mbl HE XOTUM BbINOSTHATb
HaLl KOO B «YYXXUX» MOTOKaX

4 )
avtorl = co await tx-Querylsgll);
auto rl = co await TAwaitFutureOnPool(
tx.Query(sqll),
pool,
threadHint);
\_ J
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struct TAwaitFutureOnPool {

void await suspend(std::coroutine_handle<> h) {
Future.Subscribe([this, h]l(const TFuture<T>&) {
Pool.Schedule(h, ThreadHint);

1) ;
+
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OuHanbHLIM TEPpMMHAN

TFuture<void> Sleep(TDuration d);
TFuture<TxResult> RunTx(Input input);

TFuture<void> RunTerminal(TInstant endTs, IThreadPool& pool, uib4 terminalld) A
auto threadHint = terminalID % pool.size();

co_await TScheduleOnPool(pool, threadHint);

while (Now() < endTs) {
auto type = PickTransaction();
auto input = MakeInput(type);

auto fl = Sleep(KeyingTime(type));
co_await TSuspendWithFuture<void>(f1l, pool, threadHint);

auto f2 = RunTx(input);
auto result = co_await TSuspendWithFuture<TxResult>(f2, pool, threadHint);
Stats.Record(type, result);

auto f3 = Sleep(ThinkTime(type));
co_await TSuspendWithFuture<void>(f3, pool, threadHint);
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CtaHpgapT paér Ham TOJNbKO TPM CroBa

1.

Kpome Tpex crnoB 13 ctaHaapTa £
M HEOONbLLOW MOMOLLN CO CTOPOHbI
KOMMUnatopa, HNYero HeT

OboYyn, Nyn NOTOKOB, NMAHUPOBLLUMNK
N TaMep — NpPULLINIOCL HanmcaTb CaMUM.

Bcé 310 ecTb 1 B ApYyrMx CTOPOHHUX / | J
onbnmnoTtekax ) euture | Th read P OO'

" Fair Scheduler TanmMer

«Cblpble» KOPYTUHbI CKOpee

Tk TR R S Tk

 co_await ¥ co_return ¥ co_yield

ana paspaboTynkoB BNONNOTEK,
a He npunoXXeHnn. Ecnmn ncnonb3oBaTb
00EPTKU, TO BCE HE TaK MI1oxo

® & &

g
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He Habpoc, Ho B Java...

° nepeXO,D, Ha Virtual threads - (58 60 private void createWorkerThreads() {
0Ha CTpoKa 59 61
60 62 for (Worker<?> worker : workers) {
_ 61 63 worker.initializeState();
: HO €CTb HHOAHC. 62 - Thread thread = new Thread(worker);
«Kak Mbl Ha4yanu ncnonb30BaTh 64+ Thread thread;
BUPTYalibHble NOTOKN Java 21 o R AesRel LI Baug o
66 + thread = new Thread(worker);
N Ha Pa3-ABa MNoJiydUJin Aenjiok IR % et
B TPC-C an4 POStgreSQL» 68 + thread = Thread.ofVirtual().unstarted(worker);
69 + }
63 70 thread.setUncaughtExceptionHandler(this);
64 71 thread.start();
65 72 this.workerThreads.add(thread);
N
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A uyTO

B APYrnx a3biKax?

®Punya C++ Java Go

Tun stackless stackful (virtual threads) stackful (goroutines)
Runtime HeT JVM Go runtime
Scheduler HeT JVM Go runtime
Nterpauna /O HeT eCTb cynep

BxoaHowu nopor KpanHe BbICOKUU HU3KNI OYeHb HU3KNU
KoHTponb NOJMHbIV HU3KNI HU3KUA
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Haw TPC-C

04
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TPC-C import

O ® ssh

ssh 3

-TPC-C data upload

TPC-C Import: 15000 warehouses, 53 threads Estimated size: 1.49 TiB

Progress: [ 44.6% (680.21 GiB)

Speed: 965.8 MiB/s Avg: 744.0 MiB/s Elapsed: 15:36 ETA: 19:20

-rndex Creation-"m7- i - —7-nm m —0—0o0—0o0o0o—0o0o—o
[ index 1 ] 40.0%
[ index 2 | 36.7%

-Logs

2026-04-14T18:04:54 INFO: Starting TPC-C data import for 15000
warehouses using 53 threads and 53 YDB drivers. Approximate data
size: 1.49 TiB

2026-04-14T18:12:49 INFO: Started index creation for

idx customer name: ydb://buildindex/771d=844424930171969

2026-04-14T18:12:49 INFO: Started index creation for idx order:
ydb://buildindex/771d=844424930201969

2026-04-14T18:12:49 INFO: Indexed tables loaded, indices are being
built in background. Continuing with remaining tables

)

\




TPC-C import

O @ ssh 381

cch %1
o911 ot

-rec-Cc dfatawplood—Hn-——7-—7 —7—-—0—————m—0D—0—0—
TPC-C Import: 15000 warehouses, 53 threads Estimated size: 1.49 TiB

Progress: [ 44.6% (680.21 GiB)
Speed: 965.8 MiB/s Avg: 744.0 MiB/s Elapsed: 15:36 ETA: 19:20

-Index Creation
[ index 1 |
[ index 2 |
-Logs

2026-04-14T7T18:04:54 INFO: Starting TPC-C data import for 15000

warehouses using 53 threads and 53 YDB drivers. Approximate data
size: 1.49 TiB

2026-04-14T18:12:49 INFO: Started index creation for
idx customer name: ydb://buildindex/771d=844424930171969
2026-04-14T18:12:49 INFO: Started index creation for idx order:

ydb://buildindex/771d=844424930201969
2026-04-14T18:12:49 INFO: Indexed tables loaded, indices are being
built in background. Continuing with remaining tables



TPC-C run

C D

CPU: cpegHee

Result preview: Measuring
n0Tpe6neH|/|e 15000 warehouses Transaction p50, ms p90, ms p99, ms
25 anep Efficiency: 99.1% tpmC: 191696 NewOrder 38 66 173
56:14 elapsed, 573:45 remaining Delivery 252 402 676
Progress: [B ] 8% OrderStatus 18 34 130
Payment 29 49 126
StockLevel 17 45 117
TPC-C client state
Thr Load QPS Thr QPS
NMOTOKW: 500 | ] 29.4 5045 9 | 34.: 5509
2 | 30.9 4998 10 | 30.: 5500
BMecTo 150000 37.4 5405 11 [ 36. 5148

5006 12 36.4 5658
5580 13 | 33 . ¢ 5778
5341 14 | 34.1] 5340
4846 15 [ 3. 5470

Logs
(2026-04-20T13:22:48 INFO: Starting warmup for 1800.000000s




TPC-C run: He XBaTumno NOoToKoOB

Result preview: Measuring

15000 warehouses Iransaction pS5B, ms p90, ms

Efficiency: 89.4% tpmC: 172362 NewUTUer 2022 2986

10:46 elapsed, 51:52 remaining Delivery 2287 3333

Progress: [ ] 17% OrderStatus 1986 2928
Payment 2001 ALY
StodklLevel 1996 2939

TPC-C client state——
Thr ED

]
]

Logs
2026-04-20T14:25:40 INFO: Forced minimal warmup time: 151.000000s
[ 2026-04-20T14:25:40 INFO: Starting warmup for 151.000000s




KopyTMHbBI ewie He rapaHTUusa CKOpPOCTM

Mbl OBHaAPYXNNN 3HAYUTENbHbIE TOPMO3a, HE CBSAA3aHHbIE C KOPYTUHAMM:
thundering herd nnun 3anyckaem 150K TepmnHanoB pasom
penn3Hasi cbopka ¢ debuginfo cunbHo 3ameannsier gRPC

Hawnu nHtepecHbln gRPC channel bottleneck, o yem Hanucanu


https://blog.ydb.tech/the-surprising-grpc-client-bottleneck-in-low-latency-networks-and-how-to-get-around-it-69d6977a1d02

boHnyc: Ttenepb TPC-C m gna PostgreSQL

* Wcnonb3oBanu Opus 4.6, NHTEPECHbLIN
aKkcnepumeHT. bea paboThl
Mbl, MPOrpaMMmUCTbI, MOKA HE OCTaHEMCS

»  Oygem ncnonb3oBaTtb AN TECTUPOBAHUS
YDB B pexxume cOBMEeCTUMOCTH
c PostgreSQL

* KOA
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https://github.com/ydb-platform/tpcc-postgres-cpp
https://github.com/ydb-platform/tpcc-postgres-cpp

He XBaTuno BpemMeHM pacckKa3aThb

 FIFO Scheduler
ON1s1 HAaWnX KOPYTUH

- Timer thread
* TOHKOCTU KOPYTUH

Ho Bce ecTb B Koae
N OONOSNTHUTENbHbIX
maTepunanax! ©
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https://github.com/ydb-platform/ydb-presentations/blob/main/2026/ru/cpprussia/coroutines/README.md

Pasapaborka 6Mbnuorek vs. NnpmnoXxXeHun

C++DIY] .o ERCHEEE

‘, : .
DO IT YOURSELF c-etunn42; B |

co_await promise_type

f task<void> handle_request(
co_return awaiter 3

: , user = db.query(
i ‘d . | $ { "'select * from users where id =

co_yie handle , N | | select ¢ 7

co_await http:reply(req, user);

: ‘ }

scheduler 50" ent AR

work-stealing |nt;g/r:a’t:::\“g s run_app(); @ Compose.
run queue e 10 y . ]

un q \,‘:ndmmCP lloc e # | . ® SF co_;r;t.
| <Coroutines> + ~rre e a

debugging | No batteries Bl | O iaRAR vl (8 _of R

fracind \ ~ included S | o < Sl : »

profiling o R - 93200 A r ‘

104



JaKnroueHume

o

* KOopyTuHbI NO3BONAOT NUcaTb 3P EKTUBHbLIV

N NMOHATHbBIN KOO

» K coxanenuto, ctTaHgapTHas bubnuorteka

A\ 4

HE MNnpeaocrtaBJideT paHTanMa AJid KOPyTnH

\ 4

N paHTanm 1 coenanu

 Mbl HAnNcanun ceBo

adppekTuBHYO peanudaumio TPC-C

105

-

o
0
¥
=
-
T
q
0
R
0
S
r-
o
S

-

M gpyruwe marepuvansl

Chna

C++
Russia



https://github.com/ydb-platform/ydb-presentations/blob/main/2026/ru/cpprussia/coroutines/README.md

