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Mpobnema n moTnBayus

@ MHOronoToO4YHOCTb MHOFOKPATHO YCNIOXXHSAET
TecTupoBaHME 1 yBENYNBAET BEPOATHOCTb
owmnbKkun

@ He cyulecTByeT NPakTUYHbLIX MHCTPYMEHTOB AJ1S
TeCTUPOBaHNSA MHOrONOTOYHOro koga Ha C++

@ MHoronoTo4YHble 6ubnoTekn Ha C++ BbIHYXXAEHbI
nMcaTb MHOIO KoAa AJ19 TeCTUPOBAHMUS

@ XoTenocb 6bl NpenocTaBuUTb YAOOHLIN K
MPAKTUYHbLIA MHCTPYMEHT ANA TEeCTUPOBAHUS Koda
Ha C++

@ [nsa sToro 6b1s10 peweHo aganTupoBaTh Lincheck
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TekyLne peLueHnd

@ YpobHbie Tonbko Line-Up un Lincheck
@ He cywecTByeT NpakTUYHbIX gnasa C++
o EcTb MHOXecTBO nccnenoBaTeNbCKMX NMPoeKToB

HasBaHune MpakTn4HoCTL Bo3Mo)XxHOCTM LocTynHocTb MocneaHee obHoBeHME
J(:Stress,1 - Java X X \/ 2 0 2 1
Line-Up? - C# v v X 2010
CONCURRIT3 -C++ | X X v 2013
Lincheck? - JVM v v v 2021

1Open)DK. (2015). JCStress. https://github.com/openjdk/jcstress

2Burckhardt et al. (2010). Line-up. ACM SIGPLAN Notices

3Elmas et al. (2013). CONCURRIT. ACM SIGPLAN Notices

4Koval et al. (2020). Testing concurrency on the JVM with
lincheck. In Proceedings of the 25th ACM SIGPLAN Symposium on
Principles and Practice of Parallel Programming
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Lincheck?® - ¢hpeiMBOPK 018 TeCTUPOBAHUSA
MHOFOMOTOYHbLIX CTPYKTYP OaHHbIX noA JVM,
npenocTaB/AoLWMA BO3MOXKHOCTb AeKJ1apaTUBHOIO
HanucaHusa TecToB

Monyuenune HacTponka
lenepauma
MHPOPMALUM O napameTpoB - CueHapHes
CTPYKTYype TECTUPOBaHUA
McnonHeHnue
AHanus pesynbTaToB €—
cueHapves

@ [lpoBepsaeT IMHeapn3yeMoCTb
o MuweT 3kBMBasneTHOe nocsiegoBaTesibHOE
ncnoJsiHeHue
Shttps://github.com/Kotlin/kotlinx-lincheck
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https://github.com/Kotlin/kotlinx-lincheck

Kotlin Multiplatform

Kotlin Multiplatform - cnonHeHue Koga Ha Kotlin Ha
pa3HbIX NaaTgopMax:
@ Kotlin/JVM - JVM 6anT-koa, Lincheck HanucaH Ha
Kotlin/JVM
@ Kotlin/Native - MalWMHHbIN KOA, UMEET TEeCHYIO
nHTerpauuto c C/C++
@ Kotlin/Common - OguH Kog gnsa Bcex nnaTtgopm
o Mopnep>xmBaeTcs ToNbKo cuctemon cbopku gradle
Ecnn nepesectun Kotlin/JVM npunoxxenne(Lincheck) Ha
Kotlin Multiplatform, To MO>XXHO NONY4YUTb TECHYIO
nHTerpauunto ¢ C++ yepes Kotlin/Native
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Llenb n 3apa4u

Llenb - agantmpoBaTb Lincheck ana TectupoBaHus
MHOFOMOTO4YHbIX aIFOPUTMOB Ha C++.
3apayu:

@ MepeBecTun Lincheck Ha cuctemy cbopku gradle

@ [MepenuncaTb Lincheck Ha Kotlin/Common un
Kotlin/Native

@ Pa3paboTaTb yaobHbIN nHTepdenc Ha C++
@ [poTecTupoBaTb NonynspHbie bubnnotekn Ha C++
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NepeBecTu Lincheck Ha cnctemy cbopku gradle

@ Lincheck ncnonb3osan cucrtemy cbopku maven

@ Kotlin Multiplatform nogaoep>xmBaeTcsa TONbKO Ha
gradle

@ Lincheck 6bin nepeBeneH Ha gradle n HacTpoeH
ans Kotlin Multiplatform
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Mepenucatsb Lincheck Ha Kotlin/Common n

Kotlin/Native

Kotlin/Native Kotlin/Common
crneuMduyHana Yyactb o6Laa yacTb
Monyuenune Hactpoiika FeHepaums
uHpopmMaumun o napameTpoB —> c eHg uea
CTPYKTYpe TECTUPOBaHMUA Hexap
HcnonHenune
AHanu3 pesynbLTaTtoB <€— cleHapHeB
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[Mony4yeHne nHpopMaunm o0 CTPYKTYpe AaHHbIX

Kotlin/JVM

1 @StressCTest(iterations = 10, threads = 3, verifier =
EpsilonVerifier::class)

2 class StackTest {

3 val stack = Stack<Int>()

4

5 @Operation fun pop(): Int = stack.pop()

6 @Operation fun push(value: Int) = stack.push(value)
7

8 @Test fun test() = Linchecker.check(this::class)
9}

Kotlin/Native
1 LincheckStressConfiguration<HashMap>().apply {

2 iterations(10)

3 threads(3)

4

5 initialState { HashMap() }

6

7 operation(IntGen(), IntGen(), HashMap::put)
8 operation(IntGen(), HashMap::get)

9 }.runTest()

l[aeB A.A. TecTtupoBaHue C++ ¢ nomoubto Lincheck



Kotlin/Native Kotlin/Common
cneunduyHana Yyactb obujas yactb
MonyuyeHnune HacTponka
MHPOPMALUM O  — napameTpoB > [ EREE
d cueHapueB
CTPYKTYpe TECTUPOBaHMUA
AHanua pesynsraTos f<— AT
pesy cueHapueB
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O6buwasa 4yacTb, Java Reflection

@ Obwasna YacTb 6blS1a NONyYeHa U3 CyLLEeCTBYOLWEro
JVM Kopa c nomMoLbio nepeHoca 1 3aMeHbl Java
Reflection Ha abcTpakTHbIe Knacchl

@ Lincheck akTmBHO ncnone3syet Java Reflection

e [1nga onucaHna CTPYKTYpPbl C MOMOLLbIO
@StressCTest, @Operation, ...

e [1nA BHyTpeHHen nepedayn nHdopmMaumnm o
CTPYKTYype

// Before, Kotlin/JVM

class StressCTestConfiguration(

testClass: Class<*>,

generatorClass: Class<out ExecutionGenerator>,
verifierClass: Class<out Verifier>,
sequentialSpecification: Class<*>?

)

/1 After, Kotlin/Common

10 class StressCTestConfiguration (

11 testClass: TestClass,

12 executionGenerator: (conf, ctest) —> ExecutionGenerator,
13 verifierGenerator: (spec) —> Verifier,

14 sequentialSpecification: SequentialSpecification<*>

15 )

OCO~NOUTAWN
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O6buwasa 4yacTb, Java Reflection

@ BoNbLWKMHCTBO CyLIHOCTEN yAanoCb NepeBecTun B
PYHKLNOHANbHbIE TUMbI
@ HekoTopble CyWHOCTN pa3genincb C MOMOLLbIO
expect/actual mexaHusma
o [lna TpaHchopMaunin Koaa
e [1ns nocnepoBaTenbHOW cneundmnkaunm

// Kotlin/Common
expect class TestClass {

fun createlnstance(): Any
}

/1 Kotlin/JVM
actual class TestClass(val clazz: Class<*>) {
val name = clazz.name

CO~NOUDWNKH

10 actual fun createlnstance(): Any = clazz.getDeclaredConstructor().newlnstance()

13 // Kotlin/Native

14 actual class TestClass(val create: () — Any?) {
15 actual fun createlnstance(): Any = create()
16}
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NcnonHeHue cueHapues

Kotlin/Native Kotlin/Common
cneuynduyHan yactb obLan yactb
MonyuyeHnune HacTponka FeHepaLns
MHpopMaLMM O  — napameTpos - c eHg ﬂeB
CTPYKTYpe TECTUPOBAaHMA leHap
HcnonHeHune
AHanu3 pesynbLTaTtos <— CleHapHes
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NcnonHeHue cueHapues

@ Bbifla HanmcaHa NoacucTeMa, KOTopas UCMoJIHAEeT
cLeHapum

@ Kotlin/Native He no3BonseT MHOroNOTOYHO
paboTaTb C U3MEHSAEMbIM COCTOAHMEM

e BbbiIn ncnonb3oBaH aKCcNepuMeHTasbHbIA
Hebe3onacHbIn pexum Kotlin/Native, koTopbin
MO3BOJISET 3TO AeNaTb

@ DKCnepuMeHTasibHO BbII0 NOJTyYEeHO 3HaYeHMe B
500 3anyckoB Ka)X[4oro cueHapus, rnpm KOTopoMm
BCé cTabunbHo paboTaeT

@ Ecnm 6onblie, To HenoTokobe3onacHbIM cbopLumk
MyCOpa BedeT K nageHunto
@ Kotlin/Native He no3BonseT 3a0aBaTb CBON
[ecTpykTop wian aHanor metona finalize B Java

e lMpwun paboTe c obbekTamun n3 C++ Heobxoammo
KOHTPONMpPOBaTb N 0CBOBOXXAaTb MaMATb

o bbin nobasneH nHTepgenic Finalizable n KoHTpoNb
3a co3fgaBaeMbIiMu pecypcamn B C++
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NHTepdenc Ha C++

@ bbin creHepupoBaH nHTepdenc Ha C
o Kotlin/Native npuHnmaeT napameTpsl Yepes C
@ ObopaumsaeT ux B Kotlin 06bekTbI
o OTnpaBnsieT 3TN 06bEKTbI HA TECTUPOBaAHME

@ bbina HanucaHa yoobHas obepTka Ha C++
TecTupoBaHue n3 C++ BbIrNA4NT Tak:

#include "lincheck.h”

int main() {
LincheckConfiguration<Counter, Counter> conf;
conf.iterations(10);
conf.threads(3);
// return type, argument type, operation, sequential specification
conf.operation<int, int, &Counter::add, &Counter::add>("add"”);
conf.runTest();

org.jetbrains.kotlinx.lincheck.LincheckAssertionError:

= Invalid execution results =

Parallel part:

| add(-5): -5 | add(9): ¢ |

Post part:

[add(-2): -7, add(®): -7, add(-2): -9, add(8): -1, add(5): 4]
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TecTupoBaHue cylecTByoWmx bubnmnotek Ha

C++ c nomowbio Lincheck

@ Lincheck TecTtupyeT nnHeapunsyemocTb

@ He 6b111 NpoTecTpoBaHbl HENMHeapn3yeMble
CTPYKTYpPbl AaHHbIX

@ MpoTecTupoBaHbl NonynsapHble C++ 6ubnmoTekn

Ha3BaHue Ownbkn MonHocTbio CTpyKTYpbI

Libcuckoo® X \/ HashMap

FoIIy/Concurrency7 X \/ HashMap, [SM]P[SM]C(Un)BoundedQueue
Boost/Lockfree® X v Queue, Stack, SPSCQueue

Libcds® X X MSQueue, TreiberStack

@ Tak)e NPOTeCTMPOBaHbI CTPYKTYPbI C
BHeOpPeHHbIMN ownbkamm
@ Lincheck HaxoanT owinbku
Shttps://github.com/efficient/libcuckoo
"https://github.com/facebook/folly
8https://github.com/boostorg/lockfree
°https://github.com/khizmax/libcds
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Pe3ynbTaThl

@ Lincheck apanTnpoBaH ona TeCTUpPOBaHMA KOAa Ha
a3blkax Kotlin/Native n C++

o lepeBepneH Ha cuctemy cbopkum gradle
e lMepenuncaH Ha Kotlin/Common un Kotlin/Native
@ PeanusoBaHa ynobHasa obepTka ang
MNCMoJ1b30BaHNA Ha A3blke C++

@ lMpoTecTupoBaHbl NonynspHble 6UBANOTEKN Ha
C++
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Orlpe,u,eneva Kpntepmes B TEKCTE AUTMJIOMa

@ MpaKTUYHOCTb 03HA4YaeT TO, OPMEHTUPOBACS K
WHCTPYMEHT Ha NPaKTUYHOCTb Npu pa3paboTke, 1
SABNAETCS JIN OH AOCTATOYHO yAO0OHbIM ANs
NCMNOJIb30BAHMS B MPOMBbILLIEHHbIX MPOEKTaxX.

@ B0O3MOXXHOCTMK 03Ha4vaeT To, cnocobeH nu
WHCTPYMEHT TEeCTUPOBaATb CTPYKTYPbl Ha
Pa3JINYHbIE CJIOXKHbIE KPUTEPUN KOPPEKTHOCTHU,
TaKue KakK JINHeapn3yemocCTb.

@ [JoCTYNHOCTb O3HAYaeT TO, AOCTYMEH NK
WHCTPYMEHT A5 OTKPbITOr0 NCM0OJIb30BaHMS,
MOXXHO JI MPUMEHSTb €ro U aHan3npoBaTb €ro
Koa.
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NCOK TecToB Ha C++ 1 Npon3BoANTENIbHOCTb

100 ntepauuit, 500 3anyckos, 3 NoToka, 4 onepauuu B NoToke | Bpems paboTsl
LibcdsTest.BadSequentialQueueTest 90ms
LibcdsTest.BadSequentialStackTest 1sec
LibcdsTest.ConcurrentQueueHPTest 2min 13ms
LibcdsTest.ConcurrentQueueDHPTest 2min 13ms
LibcdsTest.ConcurrentTreiberStackHPTest 1min 46ms
LibcdsTest.ConcurrentTreiberStackDHPTest 1min 52ms
LibcuckooTest.BadSequentialMapTest 1sec
LibcuckooTest.HashMapTest 5min 40ms
FollyTest.BadSequentialMapTest 1sec
FollyTest.BadSequentialQueueTest 80ms
FollyTest.HashMapTest 2min 2sec
FollyTest. MPMCDynamicBoundedQueueTest 2min 30sec
FollyTest.MPSCDynamicBoundedQueueTest 5min 3sec
FollyTest.BadMPSCDynamicBoundedQueueTest 50ms
FollyTest.SPMCDynamicBoundedQueueTest 1min 50sec
FollyTest.SPSCDynamicBoundedQueueTest 1min 27sec
FollyTest.BadSPSCDynamicBoundedQueueTest 130ms
FollyTest. MPMCUnboundedQueueTest 2min 7sec
FollyTest.MPSCUnboundedQueueTest 4min 45sec
FollyTest.SPMCUnboundedQueueTest 1min 49sec
FollyTest.SPSCUnboundedQueueTest 1min 25sec
BoostLockfreeTest.BadSequentialQueueTest 120ms
BoostLockfreeTest.BadSequentialStackTest 30ms
BoostLockfreeTest.QueueTest 2min Osec
BoostLockfreeTest.StackTest 1min 39sec
BoostLockfreeTest.BadSPSCQueueTest 970ms
BoostLockfreeTest.SPSCQueueTest 1min 18sec

TecTtupoBaHue C++



TecTtnposaHue Kotlin/Native

~ native
> g main [nativeMain] sources root
v g test [nativeTest] testsources root
= verifier
~ [ linearizability
¢ ClocksTest.kt
¢ CounterTests.kt
& HashMapTest
© LockBasedSetTests.kt
7z EpsilonVerifierTest
= SequentialSpecificationTest.kt
= AbstractLincheckTest.kt
& ExceptionAsResultTest
& FirstTest.kt
% HangingTest
& RunOnceTest
& ScenarioGenerationParameterDiversityTest
& StateEquivalencelmplCheckTest
& ThreadldTest
& UnexpectedExceptionTest
& ValidateFunctionTest




ObepTka Ha C++

template<typename Ret, typename Argl, Ret (TestClass::*op)(Argl), Ret (SequentialSpecification::*seq_spec)(
Argl)>
void operation(const char *operationName, const char *nonParallelGroupName = nullptr, bool useOnce = false) {
lib—=kotlin.root.org.jetbrains.kotlinx.lincheck.NativeAPIStressConfiguration.setupOperation2(
configuration,
(void *) (void *(*)()) [1() —> void * { // argl gen initial state
return new ParameterGenerator<Argl>();

(void *) (void *(*)(void *)) [](void *gen) —> void * { // argl gen generate
auto *obj = (ParameterGenerator<Argl> *) gen; // add type to void
Argl arg = obj—>generate(); // invoke generate method
return new Argl(arg); // copy from stack to heap and return

(void *) (void (*)(void *, char *, int)) [I(void *arg, char *dest, int destSize) { // argl toS
strncpy (dest, Lincheck::to_string<Argl>()(*(Argl *) arg).c_str(), destSize);

(void *) (void (*)(void *)) [](void *argl) { // argl destructor
Argl *obj = (Argl *) argl; // add t o void*
delete obj; // destructor

}
(void *) (void *(*)(void *, void *)) [](void *instance, void *argl) —> void * { // operation
auto *obj = (TestClass *) instance; // add type to void
auto *al = (Argl *) argl;
Ret res = (obj—>*op)(*al); // in
return new Ret(res); // copy fro

e op method
stack to heap and return

}
(void *) (void *(*)(void *, void *)) [1(void *instance,
void *argl) —> void * ( // sequential specification
auto *obj = (SequentialSpecification *) instance; //
auto *al = (Argl *) argl;
Ret res = (obj—>*seq_spec)(*al); // invoke op method
return new Ret(res); // copy from stack to heap and return

+

(void *) (void (*)(void *)) [I(void *ret) { // Ret destructor
Ret *obj = (Ret *) ret; // add type to void*
delete obj; // destructo

}

(void *) (bool (*)(void *, void *)) [I(void *a, void *b) —> bool { // Ret equals
Ret *obj_a = (Ret *) a; //
Ret *obj_b = (Ret *) b;
return *obj_a == *obj_b;

(void *) (int (*)(void *)) [](void *ret) —> int { // Ret hash
return Lincheck::hash<Ret>()(*(Ret *) ret);
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NHTepgenc Ha C

OCONOUTRWNR

fun

setupOperation2(
argl_gen_initial_state: CCreator,
argl_gen_generate: CPointer<CFunction<(CPointer<*>) —> CPointer<>>>,
argl_toString: ToStringCFunction,
argl_destructor: CDestructor,
op: CPointer<CFunction<(CPointer<*>, CPointer<*>) —> CPointer<*>>>,
seq_spec: CPointer<CFunction<(CPointer<*>, CPointer<*>) —> CPointer<*>>>,
result_destructor: CDestructor,
result_equals: EqualsCFunction,
result_hashCode: HashCodeCFunction,
result_toString: ToStringCFunction,
operationName: String,
nonParallelGroupName: String? = null,
useOnce: Boolean = false,
apply {
val argl_paramgen = object : ParameterGenerator<ParameterGeneratorArgument> {
val state = argl_gen_initial_state.invoke()
override fun generate(): ParameterGeneratorArgument {
return ParameterGeneratorArgument(argl_gen_generate.invoke(state), argl_destructor, argl_toString)

}
val actorGenerator = ActorGenerator(
function = { instance, arguments —>
when (instance) {
is Concurrentinstance —> {
ObjectWithDestructorAndEqualsAndHashcodeAndToString (op. invoke (instance. obj, (arguments[0] as
ParameterGeneratorArgument) .arg) , result_destructor, result_equals, result_hashCode,
result_toString)
}
is SequentialSpecificationinstance —> {
ObjectWithDestructorAndEqualsAndHashcodeAndToString (seq_spec. invoke (instance.obj, (arguments[0] as
ParameterGeneratorArgument) .arg) , result_destructor, result_equals, result_hashCode,
result_toString)
}
else = {
throw RuntimeException(”Internal error. Instance has not expected type”)
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	Приложение

