Lincheck. TecTnpoBaHe MHOMOMOTOYHbLIX
CTPYKTYP OaHHbIX.
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CHETUMK

class Counter {
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CHETUMK

class Counter {
var value = 0

fun inc() = ++value
}
val c¢ = Counter()
c.inc(): 1 c.inc(): 1

He oxxmnoaem Takoro

NOBEAEHVS CHETHYMKA
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CHETUMK

class Counter {
var value = 0

fun inc() ++value

val ¢ = Counter()

(1) value.R(): ©

value.R(): 0 (2
value.W(1) (3)

(4) value.W(1)



baHK
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KOPPEKTHOCTb

MocneposarenbHbI anroputm —  [locnenosatensHas
creundyKaLms Ha ornepaLmsax



KOPPEKTHOCTb

MocneposarenbHbI anroputm —  [locnenosatensHas
creundyKaLms Ha ornepaLmsax

Stack: LAST IN, FIRST OUT

top
top top
top :
push(2) | 2 push(3) 2 | pop():3 2
1 —_— 1 — 1 — 1




KOPPEKTHOCTb
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KOPPEKTHOCTb

MocneposarenbHbI anroputm —  [locnenosatensHas
creundyKaLms Ha ornepaLmsax

—p» ATOMapHoCTb

MHOrOMOTO4YHbIN aNTTOPUTM
(NMMHeapKr3yemMoCTb)

val ¢ = Counter()

c.inc(): 1
<:> c.inc(): 2 <:>



VicnonHeHve nuHeapn3dyemo < 3 5KBMBa/IEHTHOE
nocnegoBaTebHOe UCMNOMHEHNE
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VicnonHeHve nuHeapn3dyemo < 3 5KBMBa/IEHTHOE

rnocJsiegoBaresibHOE NCTOJIHEHNE

val g = MyQueue<Int>()

add(1)
poll(): 2

poll(): 1
add(2)
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VicnonHeHve nuHeapn3dyemo < 3 5KBMBa/IEHTHOE
nocnegoBaTebHOe UCMNOMHEHNE

val g = MyQueue<Int>()

(1) add(1)
poll(): 2

poll(): 1
add(2)

add(1)
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VicnonHeHve nuHeapn3dyemo < 3 5KBMBa/IEHTHOE
nocnegoBaTebHOe UCMNOMHEHNE

add(1)
val g = MyQueue<Int>() ™
(1) add(1) 1
poll(): 1 (2
poll(): 2 |add(2) :ﬁ()/l
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VicnonHeHve nuHeapn3dyemo < 3 5KBMBa/IEHTHOE
nocnegoBaTebHOe UCMNOMHEHNE

add(2) add(1)

val g = MyQueue<Int>() /\/\

(1) add(1) () 2 1
poll(): 1
add(2) (3 p

poll():1

poll(): 2
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VicnonHeHve nuHeapn3dyemo < 3 5KBMBa/IEHTHOE
nocnegoBaTebHOe UCMNOMHEHNE

add(2) add(1)

val g = MyQueue<Int>() N

(1) add(1) 3 2 1
poll(): 1
add(2) @ \/ \_/

poll():2 poll():1

(4)poll(): 2
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class Counter {
private var value = ©

fun inc() = ++value
}
val ¢ = Counter()
c.inc(): 1 c.inc(): 1

Takoe ncronHeHmne
HenuHeapusyemo
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KaK NpoBepunTH
KOPPEKTHOCTb CTPYKTYPbI
NAaHHbIX?




Dopman

HHAA

BepnPUKaLna



Beprdukauya pykamMmm

Jloka3aTenbCTBO VIHBAPWAHTOB [OJ19 BCEX BO3MOXXHbIX
NCTMOMHEHN anropuTMa Ha Bymare

26



[ lonyaBTOMAaTMYECKaA BEPpUMUKALINA

VIHTEpPaKTVIBHbIE HCTPYMEHTbI 0719 JOKa3aTE/IbCTB:
e (Co0q, Isabelle, TLA+

. HEISEN

2019 Piter

Jack Vanlightly
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https://www.google.com/url?q=https://2019.heisenbug-piter.ru/en/2019/spb/talks/2anru1tomnqtvf3sajswmm/&sa=D&ust=1575430375218000&usg=AFQjCNFCmpb9Kh0aXTH6l7nrx5wDZo5ujw

ABTOMaTNYECKaa BepunrKauus

Model checking:
e Java PathFinder (JPF)

e /119 BCEX BO3MOXXHbIX VUCMOMTHEHWIA aNropUTMa MPOBEPAETCA
BbIMOMHEHWE NHBapuraHTa

e B sTOM rogy nosiBUACS MHCTPYMEHT, MO3BONSHOLLMIA BEPUDULIMPOBATL
NCMOSTHEHNA C Y4ETOM OCNAGNEHHOW MOOENV MAMSITUA

* “Model Checking of Software Systems under Weak Memory Models” by Ngo, T.-P. 2019.

Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of Science and
Technology 1745
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lecTnpoBa




Kak Xo4eTca TeCTMpoBaTh”?

val q = MyQueue<Int>() —

HavyanbHoe
COCTOAHME

30



Kak Xo4eTca TeCTMpoBaTh”?

@Operation fun add(x: Int) = q.add(x)

@Operation fun poll() = q.poll()

N

Onepauumn

CTPYKTYPbI AaHHbIX
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Kak Xo4eTca TeCTMpoBaTh”?

[ lpoBepKa Ha
IMHEaPU3yeEMOCTb

@Test fun runTest() = LinChecker.check(this::class)
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Lincheck

Lincheck = Linearizability Checker
https://aithub.com/Kotlin/kotlinx-lincheck
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https://www.google.com/url?q=https://github.com/Kotlin/kotlinx-lincheck&sa=D&ust=1575430375472000&usg=AFQjCNG7Kn-P_2LzX6tGJq3a-jE5dDvTYQ

Lincheck

Lincheck = Linearizability Checker
https://aithub.com/Kotlin/kotlinx-lincheck

Kak pabotaeT lincheck:

1. [eHepupyeT paHOOMHbIE CLIEHAPU
2. VlcnonHaeTt kaxkapiyt CLeHapuin MHOMo pas
3. [lpoBePAET KOPPEKTHOCTL MOSTYHEHHbIX PE3YILTATOB
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https://www.google.com/url?q=https://github.com/Kotlin/kotlinx-lincheck&sa=D&ust=1575430375519000&usg=AFQjCNFdgVt1cA1CcZ9kuUF5gmrn3Qn2LQ

Kak CreHeprpoBaTh
cueHapumn’?



[eHepaLnsa cueHapus

class MyQueueTest {

@Operation fun add(x: Int) =
@Operation fun poll() =
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[eHepaLnsa cueHapus

class MyQueueTest {

@Operation fun add(x: Int) =
@Operation fun poll() =

@Test fun test() = StressOptions()
.actorsBefore(2)
.threads(2).actorsPerThread(3)
.actorsAfter(1)
.check(this::class)

Init part:

[poll(), add(9)]
Parallel part:

| poll() | add(4) |
| add(3) | add(6) |
| poll() | poll() |
Post part:

[add(1)]
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[eHepaLnsa cueHapus

class MyQueueTest {

@Operation fun add(x: Int) =
@Operation fun poll() =

@Test fun test() = StressOptions()
.actorsBefore(2)
.threads(2).actorsPerThread(3)
.actorsAfter(1)
.iterations (100 000)
.check(this::class)

CKONbKO pasHbIX CLIEHAPUEB
creHepupoBaTb?
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[eHepauns cueHapud

class MyQueueTest {

@O0peration fun add(x: Int) =
@0Operation fun poll() =

@Test fun test() = StressOptions()
.threads(2).actorsPerThread(2)
.check(this::class)
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[eHepaLnsa cueHapus

class MyQueueTest {

@peration fun add(x: Int) =
@0peration fun poll() =

@Test fun test() = StressOptions()
.threads(2).actorsPerThread(2)

.check(this::class)

val g = MyQueue<Int>()

feHepupyem 6anT-Kop
0151 Ka>KOOro 13 NoTOKOB
(ASM)

/[ start thread #1
ri[@] = g.poll()
ri[1] = g.add(3)
/[ done

/l start thread #2
r2[@] = g.add(4)
r2[@] = g.add(e6)
/l done
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[eHepaLnsa cueHapus

class MyQueueTest {

@peration fun add(x: Int) =
@0peration fun poll() =

@Test fun test() = StressOptions()
.threads(2).actorsPerThread(2)

.check(this::class)

val g = MyQueue<Int>()

CoxpaHsiem
pe3ynbTraTbl
ornepawmm

/[ start thread #1
ri[@] = g.poll()
ri[1] = g.add(3)
/[ done

/l start thread #2
r2[@] = g.add(4)
r2[1] = g.add(e6)
/l done
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KaK MCMOSHATb CLIeHapniAY



CTPpEeCC pexxmm

Spin loop

|

n

OOHOBPEMEHHbBIV
CTapT




CTPpEeCC pexxmm

[ poll() ]

- add(3) |

[ poll() ]

- add(4) |

- add(6) |

[ poll() ]

[ lapannensHoe
NCMNOJIHEHWE
onepauumn
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CTpecc pexnm

Spin loop

]

: poll() :

Busy wait

add(3)

[ Busy wait )

[ poll() ]

[ Busy wait

 add(4)

[ Busy wait

/7‘_/;/

 add(6) |

[ Busy wait

: poll() :

[lobaBnsem
B6EeCronesHyto

paboTty
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CTpecc pexnm

[ Spin 100p } class MyQueueTest {
\ poll() ) [ Busy wait } @Operation fun add(x: Int) =
( _ ) @Operation fun poll() =

Busy wailt | [ add(4) 1

) : @Test fun test() = StressOptions()

add(3) ) [ e ] .threads(2)

(__Busy wait ] add(6) .actorsPerThread(3)
- RV / .invocationsPerIteration(10 000)
[ pOll() } [ = J .check(this::class)
poll() | |3
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YnpaBngemMoe 1cronHeHne

CTpouM OePeEBO MOKPLITUN BCEX
BO3MO>KHbIX UCMOSTHEHNIA

B ka>kaon BepLUnHE XpaHuM,
KaKyo 4aCTb BO3MOXHbIX
UCMONTHEHWI Y>Ke MOKPbIN A4St
B3BELLEHHOro paH4oMHOM
BbIOOPA, Ky[a NepexsItoHnTb
MCMOosHeHVe aanblie

ToUKN NepekNoYeHs ans

notoka: read / write onepavyn
Haf, pasnensaemMor NamMaTbrO
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YnpaBngemMoe 1cronHeHne

% Crapt e (CTpounM OepeBO MOKPLITUN BCEX
BO3MO>XHbIX UCMOJSTHEHWM
Kakon noTok ynem
T1 T2 T3 NCTMOSHATL e B KaxOon BepLUVHE XPaHNM,
KaKyt YaCTb BO3MO>KHbIX
D D C] NCMOSTHEHNIA Y>KE MOKPbIIN 15
B3BELLEHHOO PaH4OMHOIO
/ / \t\‘ BbIOOPAa, Kyaa NepektoynTb
Q Q Q Q NCMNOJIHEHNE OaliblLLe

/ o [OYKM MEPEKNOYEHVS OIS
[ ] [ notoka: read / write onepavyn

Haf, pasnensaemMor NamMaTbrO

’/'
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T1

L]

Kakon noTok ynem
NCMOSNHATH

% Crapt
T2 T3

[

To4km
NnepeksItoHeHns
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YnpaBngemMoe 1cronHeHne

CTpouM OePeEBO MOKPLITUN BCEX
BO3MO>KHbIX UCMOSTHEHNIA

B ka>kaon BepLUnHE XpaHuM,
KaKyo 4aCTb BO3MOXHbIX
UCMONTHEHWI Y>Ke MOKPbIN A4St
B3BELLEHHOro paH4oMHOM
BbIOOPA, Ky[a NepexsItoHnTb
MCMOosHeHVe aanblie

ToUKN NepekNoYeHs ans

notoka: read / write onepavyn
Haf, pasnensaemMor NamMaTbrO
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T1

L]

To4km
NnepeksItoHeHns

Crapt

T2 T3

RS

§
il

Kakon noTok ynem
NCMOSNHATH

]

CHoBa BblbVpaem
MOTOK

YnpaBngemMoe 1cronHeHne

CTpouM OePeEBO MOKPLITUN BCEX
BO3MO>KHbIX UCMOSTHEHNIA

B ka>kaon BepLUnHE XpaHuM,
KaKyo 4aCTb BO3MOXHbIX
UCMONTHEHWI Y>Ke MOKPbIN A4St
B3BELLEHHOro paH4oMHOM
BbIOOPA, Ky[a NepexsItoHnTb
MCMOosHeHVe aanblie

ToUKN NepekNoYeHs ans

notoka: read / write onepavyn
Haf, pasnensaemMor NamMaTbrO
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Kakon noTok ynem
NCMOSNHATH

Crapt
4%
Tl T2 T3
]
Toukn Q
NepPeKIt4YEeHNS

T1

O O

T2

] [109%]

CHoBa BblbVpaem
MOTOK

3aKOH4YUNN
BbINOJIHATb MOTOK T3

YnpaBngemMoe 1cronHeHne

CTpouM OePeEBO MOKPLITUN BCEX
BO3MO>KHbIX UCMOSTHEHNIA

B ka>kaon BepLUnHE XpaHuM,
KaKyo 4aCTb BO3MOXHbIX
UCMONTHEHWI Y>Ke MOKPbIN A4St
B3BELLEHHOro paH4oMHOM
BbIOOPA, Ky[a NepexsItoHnTb
MCMOosHeHVe aanblie

Toukn MnepeKnoYeHnd onad rnotoka

a10 read / write onepaumn Haf
pasaensieMon NamaTbro
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

class Counter {
private var value = ©
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

class Counter {
private var value = ©

fun inc(): Int {
val cur = value
value = cur + 1
return cur
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

class Counter {
private var value = ©

fun inc(): Int {
val cur = value
value = cur + 1
return cur

}

fun get() = value
}



YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

class Counter {
@vVolatile
private var value = ©

fun inc(): Int {
val cur = value
value = cur + 1
return cur

}

fun get() = value
}

[lpoTecTnpyem
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

class Counter {
@Volatile
private var value = ©

fun inc(): Int {

}

val cur = value
value = cur + 1
return cur

fun get() = value

class CounterTest {
private val c = Counter()

@Operation fun inc() = c.inc()
@Operation fun get() = c.get()

@Test

fun test() = ModelCheckingOptions()

.check(this::class)
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

val ¢ = Counter() java.lang.AssertionError:
Invalid interleaving found:

. . = Invalid execution results: =
C.lnC(): 0 c.1nc(): 0 Parallel part:

| inc(): @ | inc(): o |
Parallel part execution trace:

| | inc(): o
| R(): @ at Counter.inc(Counter.kt:1)
SWITCH

W(1) at Counter.inc(Counter.kt:2)
RESULT: ©

I
inc(): o |
|
I
I
| FINISH

|
|
|
| SWITCH
|
|
|
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

val ¢ = Counter() java.lang.AssertionError:
Invalid interleaving found:

= Invalid execution results: =

c.inc() c.inc() Parallel part:

value.R(): @ | incO: @ | inc(): o |
Parallel part execution trace:
| | inc(): o
| | R(): @ at Counter.inc(Counter.kt:1)
| | SWITCH
| inc(): o |
| SWITCH |
| | W(1) at Counter.inc(Counter.kt:2)
| | RESULT: ©
| | FINISH
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

val ¢ = Counter() java.lang.AssertionError:
Invalid interleaving found:

= Invalid execution results: =

c.inc() c.inc() Parallel part:
value.R(): © | inc(): @ | inc(): o |
- Parallel part execution trace:
'S | | inc(): o
value.R(): © | R(): @ at Counter.inc(Counter.kt:1)
SWITCH

v

|

¥
value.W(1) I SWITCH

|

|

RESULT: ©
FINISH

|
0 |
|
| W(1) at Counter.inc(Counter.kt:2)
|
|
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

val ¢ = Counter() java.lang.AssertionError:
Invalid interleaving found:

= Invalid execution results: =

c.inc() c.inc() Parallel part:
value.R(): © | inc(): @ | inc(): o |
- Parallel part execution trace:
'S | | inc(): o
value.R(): © | R(): @ at Counter.inc(Counter.kt:1)
SWITCH

v

|
| |
| inc(): @ |
value.W(1) | SWITCH |
\ | | W(1) at Counter.inc(Counter.kt:2)
N | | RESULT: ©
value.W(1) | | FINISH
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YnpaBnsaemMoe UCMOSIHEHNE: CHETHUK

val ¢ =

Counter()

c.inc(): ©

c.inc(): ©
value.R(): ©

b g
value.R(): ©
value.W(1)

~— N

value.W(1)

java.lang.AssertionError:

Invalid interleaving found:

= Invalid execution results: =

Parallel part:

| inc(): @ | inc(): @ |

Parallel part execution trace:

| | inc(): o

| R(): @ at Counter.inc(Counter.kt:1)
SWITCH

RESULT: ©
FINISH

|
|
|
| W(1) at Counter.inc(Counter.kt:2)
|
|
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CnCTEMHOCTbL nepebopa
BO3MOXHbIX UCMOSTHEHWIA

Trace BOCNPOU3BEOEHVIS
HEKOPPEKTHOIO
NCMOSHEHWS

BocnponseeneHne 6aros
MO, FOHKOW

CTtpecc pexum

Ynpasnsiemoe
MCMNOJIHEHUEe

_|_

_I_
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CnCTEMHOCTbL nepebopa
BO3MOXHbIX UCMOSTHEHWIA

Trace BOCNPOU3BEOEHVIS
HEKOPPEKTHOIO
NCMOSHEHWS

Bocnpov3seneHue 6aros
MO, FOHKOW

CTtpecc pexum

YnpaBnsiemoe
UCMNONIHEeHue

_|_

_I_
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OcnabneHHble Mmoaoen namaTu

a=7?b="7?
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OcnabneHHble Mmoaoen namaTu

int x, y a=0 b=1
=1lly:=1 a=1 b=0
=y|b 1= x a="1 b=1

NMocnepgoBaTtenbHas cornacoBaHHOCTDL (Sequential consistency)

(JTamnopT, 1979): «Pegynsrar ntob0oro UCMOSHEHUS HE OTNNYUM OT CryYas, Korga Bce
onepaLmy Ha BCEX MPOLIECCOPaXxX UCTMOMHAOTCS B HEKOTOPOM MOCNEA0BATENIbHOM
nopsiaKe, 1 onepaumn Ha KOHKPETHOM MPOLIECCOPE NUCMONHAKOTCA B NMOPAOKE,
0603Ha4EeHHOM MPOrpPaMmMon»
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OcnabneHHble Mmoaoen namaTu

int x, y
=1|y :=1
=y|b :=Xx

[lon nocnepoBaTenbHON
COornacoBaHHOCTM Takue
Pe3yNbTaThbl HE NONY4YUTb

a=0
a=1
a=1
a=0
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OcnabneHHble Mmoaoen namaTu

int x, y a=0 b=1
=11y =1 a=1 b=0
=y|b :=x a=1 b=1

a=0 b=0

Ho Bocnpocnpon3BoamnTcsa Ha x86
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OcnabneHHble Mmoaoen namaTu

I I

< =
oy <
[

X =
o)
Q X
[0
< B
—

T <

[0

X Bk
—

Memory
X =0
y =90




OcnabneHHble Mmoaoen namaTu

T1 Store
int x, y buffering
=1jy =1 X :=1

a =y X =1
=y|b =X

T2

y :=1 -1
{b:=x| i

Memory

\
X =0
y =90




OcnabneHHble Mmoaoen namaTu

a=0; b=0

Store

buffering




OcnabneHHble Mmoaoen namaTu

a=0; b=0

Store
buffering

Memory
X =0
y =0




OcnabneHHble Mmoaoen namaTu

T1

volatile int x,y

x =1 y :=1 X
a :
a =y b := x

T2

3

o
<
—

i1
=
——
\J




Kak NpoBePATb Pe3yrbraTbl”?



Bepunmrkaunsa pesynsraTtoB

HauBHoOe pelueHue:

1. CreHepupoBaTb BCe nocnepoBaTesibHbie UCTOPUN
UCNOJTHEHNSA 1 NOJIYYNTb BCE KOPPEKTHbIE PE3YbTATbI
3apaHee

2. [1na KaxKOooro sarlycka cleHapua rnpoBepsThb, €CTb Nn
NOJSIYYEHHbIE PE3YbTaThl CPEON KOPPEKTHbLIX
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Bepunmrkaunsa pesynsraTtoB

HauBHoOe pelueHue:

1. CreHepupoBaTb BCe nocnepoBaTesibHbie UCTOPUN
UCNOJTHEHNSA 1 NOJIYYNTb BCE KOPPEKTHbIE PE3YbTATbI
3apaHee

2. [1na KaxKOooro sarlycka cueHapua npoBepsTh, eCTb Sn
NOJSIYYEHHbIE PE3YbTaThl CPEON KOPPEKTHbLIX

2 notoka x 15 onepaunn = OutOfMemoryError
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Bepunmrkaunsa pesynsraTtoB

bonee adhdekKTnBHOE peLueHue:

[pad coctoaHun (Labeled Transition System)

76



Beprndrkaums ¢ noMoLLbko LTS

val g = MSQueue<Int>()

g.add(4) g.add(9)
g.poll(): 9 |g.poll(): 4
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Beprndrkaums ¢ noMoLLbko LTS

add(4)

val g = MSQueue<Int>() T\

(1) g.add(4) 4
g.poll(): 9 |g.add(9)
g.poll(): 4




Beprndrkaums ¢ noMoLLbko LTS

(1)g.add(4)
(2)g.poll(): 9

add(4)
val g = MSQueue<Int>() T\
4
g.add(9) poll():4 :
g.poll(): 4 HeBepHbIi
pesynstar
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Bepuc

val g = MSQueue<Int>()

(:)q.add(4)

g.poll(): 9

q.add(9)<:>
g.poll(): 4

add(4) add(9)
/\/\
4 4
_

poll():4

OKaUMs ¢ MOMOoLLBbRO LTS

80



Beprndrkaums ¢ noMoLLbko LTS
add(4) add(9)
val g = MSQueue<Int>() TN N\
(:>q.add(4) () 4 4
g.add(9)
(3)g.poll(): 9 \\;Iizsf;;
g.poll(): 4 P )
HeBepHbIn 9

pe3ynbTar

9

%0:4
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Beprndrkaums ¢ noMoLLbko LTS
add(4) add(9)
val g = MSQueue<Int>() TN N\
(1) g.add(4) % 4 4|9

g.add(9)

9.pol10): 4(3) M (J

g.poll(): 9 P )
9 poll():4
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Beprndrkaums ¢ noMoLLbko LTS
add(4) add(9)
val g = MSQueue<Int>() TN N\

(1) g.add(4) % 4 4|9

g.add(9)

g.poll(): 4(3) \\;Iizsf;;
(4)g.poll(): 9 P '

poll():9 9 poll():4
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Beprndrkaums ¢ noMoLLbko LTS

val g = MSQueue<Int>()

add(4)

N0

(:)q.add(4)
q.add(9)(:>

[1yTb HangeH =
PE3YbTaThl KOPPEKTHbI

@q.poll(): o 7:poLLO: 4@ @
poll():9 9

4

add(9)

4

9

*—”/Egii()i4
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[locTpoenHne LTS

e CTpPOUM NEHMBO
e |Icnonb3yem nocnenoBaTefibHYK CrneuyuKaLmio
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[locTpoenHne LTS

e CTpPOVM JIEHMBO
e |Icnonb3yem nocnenoBaTefibHYK CreLyuUKaLmio

add(4)

poll():4
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[locTpoenHne LTS

e CTpPOVM JIEHMBO

e llcnonb3yem nocnegoBaTenbHyO cneumduKaLmo
e 3afaeM 3KBUBANIEHTHOCTb COCTOSIHNIA Yeped onpeneneHne

equals/hashcode

add(4)
7 T\
4

-~

poll():4

class MyQueueTest: VerifierState() {
val g = MSQueue<Int>()

override fun generateState()
= elements(q)
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[ locnenoBaTenibHasaA creund

class MyQueueTest {
val q = MyQueue<Int>()

@Operation fun add(x: Int) = g.add(x)
@0peration fun poll() = q.poll()

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

OKaLWS
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[ locnenoBaTenbHas crneumunkaumg

class MyQueueTest {
val q = MyQueue<Int>()

@Operation fun add(x: Int) = g.add(x)
@0peration fun poll() = q.poll()

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

class SequentialQueue : VerifierState() {

val q = ArrayDeque<Int>()

fun add(x: Int) { q.add(x) }
fun poll() = q.poll()

@0Override fun generateState() = q
}
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[ locnenoBaTenbHas crneumunkaumg

class MyQueueTest {
val q = MyQueue<Int>()

@Operation fun add(x: Int) = g.add(x)
@0peration fun poll() = q.poll()

@Test fun test() = StressOptions()
.sequentialSpecification(SequentialQueue::class.java)
.check(this::class)

} class SequentialQueue : VerifierState() {

val q = ArrayDeque<Int>()

fun add(x: Int) { q.add(x) }
fun poll() = q.poll()

@0Override fun generateState() = q
}
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HTO ecnun B CTPYKTYPE OAaHHbIX
eCTb 61oKupyrowme Metoabl?




Rendezvous Channels

val ¢ = Channel<Int>()

c.send(4) ‘c.receive(): suspended + 4

send XXOeT receive 1 HAOOOPOT
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Rendezvous Channels

Client 1
val task = Task(...)
tasks.send(task) Worker
while(true) {
val task = tasks.receive()
processTask(task)
Client 2 }

val task = Task(...)
tasks.send(task)

val tasks = Channel<Task>()
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Rendezvous Channels

3acbInaeT, noka
Kakon-Hnbyap Client
He oTnpaBuT Task

Worker \
while(true) {
<:> val task = tasks.receive()
processTask(task)

}

val tasks = Channel<Task>() 94



Rendezvous Channels

__Worker
\%2z)  while(true) {
{ <:> val task = tasks.receive()
processTask(task)

}

val tasks = Channel<Task>()
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Rendezvous Channels

Client 1
val task = Task(...)
tasks.send(task)  ~_VV0rker
\%2z)  while(true) {
{ <:> val task = tasks.receive()
processTask(task)
}

val tasks = Channel<Task>()
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Rendezvous Channels

Rendezvous!
Client 1 send 6youT receive

val task = Task(..;l////////
<:> tasks.send(task) Worker
while(true) {

<:> val task = tasks.receive()
processTask(task)

}

val tasks = Channel<Task>()
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©,

Rendezvous Channels

Worker
while(true) {
<:> val task = tasks.receive()
<:> processTask(task)

Client 2 }

val task = Task(...)
tasks.send(task)

val tasks = Channel<Task>()

98



Rendezvous Channels

@ Worker
while(true) {
<:> val task = tasks.receive()
<:> processTask(task)
Client 2 }
val task = Task(...)
<:> tasks.send(task) ——

3acbinaet, noka Worker
He BbI3OBET receive

val tasks = Channel<Task>()



Rendezvous Channels

@ Worker
while(true) {
(:) val task = tasks.receive()
<:> processTask(task)
__Client 2 }
f???: val task = Task(...)

(:) tasks.send(task)

val tasks = Channel<Task>() 100



Rendezvous Channels

@ Worker
while(true) {
<:><:> val task = tasks.receive()
<:> processTask(task)
Client 2 }
val task = Task(...)
<:> tasks.send(task)

Rendezvous!
receive 6youT send

val tasks = Channel<Task>() 101



val ¢ = Channel<Int>()

c.send(4) c.receive(): suspended + 4

HennHeapnayemo
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val ¢ = Channel<Int>()

c.receive():
register as waiter
suspend
V' ~
c.send(4)
\_/‘_—‘
return element
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Dual data structures™

val ¢ = Channel<Int>()

c.receive():
register as waiter
suspend G
V' ~
c.send(4)
\_/—__‘
return element

- request

- follow-up

* “Nonblocking Concurrent Data Structures with Condition Synchronization” by Scherer, W.N. and Scott, M.L.
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Dual LTS

val ¢ = Channel<Int>()

c.send(4) c.receive(): suspended + 4
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Dual LTS

val ¢ = Channel<Int>()

c.send(4) c.receive(): suspended + 4
receive™d():s,
receive™(s ):4
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Dual LTS

val ¢ = Channel<Int>()

c.send(4)

c.receive(): suspended + 4
receive™d():s,
receive™(s ):4

OTHOLLIEHVE SKBUBANIEHTHOCTU MeXay
cocTosAHUSAMM LTS:
1. equals/hashCode Ha cocTosHun
CTPYKTYPbI AaHHbIX
2. Cnncok yCHYBLUKX orepaLum (so)
3. MHOXeCTBO pasby»XeHHbIX
onepauuin (ro)
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Dual LTS

OTHOLLIEHNE SKBVBAIEHTHOCTU Mexny

val ¢ = Channel<Int>() oo LTS

i 1. equals/hashCode Ha cocTosHun
c.send(4) c.receive(): suspended + 4 CTPYKTYPb! AaHHbIX

receive'“eq( ) 'S, 2. Cnncok yCHYBLUKX orepaLum (so)
. fu 3.  MHOXeCTBO pa3by>KeHHbIX
receive™(s ):4

ornepauum (ro)
start so=[ ]
—> ro={ }
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Dual LTS

OTHOLLIEHNE SKBVBAIEHTHOCTU Mexny

val ¢ = Channel<Int>() oo LTS

] 1. equals/hashCode Ha cocTosHun
c.send(4) c.receive(): suspended + 4 CTPYKTYPb! AaHHbIX
r\eceivereQ( ) 'S, 2.  CnmcoK yCHyBLUMX ornepaLui (so)

. fu . 3.  MHOXeCTBO pa3by>KeHHbIX
receive™(s ):4 onepaLit (ro)

receive™i():s,
start [ so=| W

ro={ i J »[ so=[receive"®9() :sl]}
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Dual LTS

OTHOLLIEHVE SKBMBANEHTHOCTU MEXOY
val ¢ = Channel<Int>() cocTosHvamu LTS:
i 1. equals/hashCode Ha cocTosHun
c.send(4) c.receive(): suspended + 4 CTPYKTYPbI JaHHbIX
r\eceivereQ( ) 'S, 2.  CnmcoK yCHyBLUMX ornepaLui (so)
r'eceive‘c“(s ):4 3.  MHOXeCTBO pa3by>KeHHbIX
1/° onepauun (ro)
receive™M():s
start so=[ ] W »1 so=[receive™d():s.]
—> ro={ } | !

/ send(4)

|4

ro={receive™d():s, by send(4)} }
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OTHOLLIEHNE SKBVBAIEHTHOCTU Mexny

val ¢ = Channel<Int>() oo LTS

] 1. equals/hashCode Ha cocTosHun
c.send(4) c.receive(): suspended + 4 CTPYKTYPb! AaHHbIX
r\eceivereQ( ) 'S, 2.  CnmcoK yCHyBLUMX ornepaLui (so)

. fu . 3.  MHOXeCTBO pa3by>KeHHbIX
receive™(s ):4 onepaLit (ro)

receive™i():s,
start [ rs'g:E ;} $[ so=[r~eceive"eq():sl]}

r*eceive‘c“(sl):4\ /send(4)

[ 4 | ro={receive™i():s by send(4)} }
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Rendezvous Channel Test

class RendezvousChannelTest: LinCheckState() {
val c¢ = Channel()

@Operation suspend fun send(x: Int) = c.send(x)
@Operation suspend fun receive(): Int = c.receive()

override fun generateState() = Unit
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Lincheck Ha npakTuke



[ TapaMeTpbl onepamm

Init part: OTkyna 6epyTcs
[poll(), add(9)] napameTpPbl onepaLuin’?
Parallel part:

| poll() | add(4) |
| add(3) | add(e) |
| poll() | poll() |
Post part:

[add(1)]

114



[eHepauma napameTpoB

[eHepaTopb
class MyQueueTest { napamMeTpoB

@Operation fun add(@Param(gen = IntGen::class,
conf = "-10:10") x: Int) =
@0Operation fun poll() =
}
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[eHepauma napameTpoB

class MyQueueTest {

@Operation fun add(@Param(gen = IntGen::class,

conf = "-10:10") x: Int) =

@0Operation fun poll() =
}

class MyParameterGenerator(ignoredConf: String)
: ParameterGenerator<Int>

CBoOW reHepartop
napameTpPoB

{
}

override fun generate() = Random.nextInt()
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Run once

class MyQueueTest {
val q = TaskQueue<Int>()

@Operation fun add(x: Int) = q.addIfNotClosed(x)
@Operation fun poll() = q.poll()
@Operation fun close() = g.close()

@Test fun test() = ...

117



Run once

class MyQueueTest { [10 KOHTPaKTy o4epenn close
val q = TaskQueue<Int>() MO>XHO BbI3BaTb TOJIbKO OAWH pas3

@Operation fun add(x: Int) = q.addIfNotClosed(x)
@Operation fun poll() = q.poll()
@Operation fun close() = g.close()

@Test fun test() = ...
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Run once

class MyQueueTest { [10 KOHTPaKTy o4epenn close
val q = TaskQueue<Int>() MO>XHO BbI3BaTb TOJIbKO OAVUH pa3

@Operation fun add(x: Int) = q.addIfNotClosed(x)
@Operation fun poll() = q.poll()
@Operation(runOnce = true) fun close() = g.close()

@Test fun test() = ...
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Single reader / writer

class MyQueueTest {
val q = SingleConsumerTaskQueue<Int>()

@Operation fun add(x: Int) = qg.add(x)
@Operation fun poll() = q.poll()

@Test fun test() = ...
}
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Single reader / writer

class MyQueueTest {
val q = SingleConsumerTaskQueue<Int>()

@0peration fun add(x: Int) = q.add(x)
@Operation fun poll() = q.poll()

@Test fun test() = ...
h Parallel part:
| add(2) | add(4) |
| poll(): 2 | poll(): null |
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Single reader / writer

class MyQueueTest {
val q = SingleConsumerTaskQueue<Int>()

@Operation fun add(x: Int) = q.add(x)
@Operation fun poll() = q.poll()

@Test fun test() = ...
t Parallel part:

Takon cueHapu JacT HEKOPPEKTHbIE | add(2) | add(4) |
pesynbTaThl 415 single-consumer ovepeav | poll(): 2 | poll(): null |
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Single reader / writer

@OpGroupConfig(name = "consumers", nonParallel = true)
class MySuperFastQueueTest {
val q = SingleConsumerTaskQueue<Int>()

@Operation fun add(x: Int) = qg.add(x)
@Operation(group = "consumers") fun poll() = q.poll()

@Test fun test() = ...
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Single reader / writer

@OpGroupConfig(name = "consumers", nonParallel = true)
class MySuperFastQueueTest {
val q = SingleConsumerTaskQueue<Int>()

@Operation fun add(x: Int) = qg.add(x)

“"consumers"™) fun poll() = qg.poll()
"consumers") fun poll(timeout: Long) = ...

@Operation(group
@Operation(group

@Test fun test() = ...
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3aJaHne CBOWX CLEHaPKEB

val s = scenario {
initial {

actor(MyQueueTest::add, 1)

}
parallel {

thread {

actor(MyQueueTest:
actor(MyQueueTest:

}
thread {

actor(MyQueueTest:
actor(MyQueueTest:

}
}
}

:add, 2)
:add, 3)

:poll)
:poll)
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3aJaHne CBOWX CLEHaPKEB

val s = scenario {
initial {

actor(MyQueueTest::add, 1)

}
parallel {

thread {

actor(MyQueueTest:
actor(MyQueueTest:

}
thread {

actor(MyQueueTest:
actor(MyQueueTest:

}
}
}

:add, 2)
:add, 3)

:poll)
:poll)

class MyQueueTest {

@Test fun test() = StressOptions()
.addCustomScenario(s)
.check(this::class)
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Pe3ynkraT TecTta c lincheck

‘poll(): null, add(9)]

poll(): null | add(4)
add(3) add(6)
poll(): 4 poll(): 3

[add(1) ]
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Pe3ynkraT TecTta c lincheck

poll(): null, add(9)] add(2)
77 A
poll(): null | add(4) 9
add(3) add(6)
poll(): 4 poll(): 3

[add(1) ]
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add(3)

[add(1) ]

poll():

poll():

Pe3ynkraT TecTta c lincheck

null

4

‘poll(): null, add(9)]

add(4)
add(6)
poll(): 3

add(9)

R

9

Kak noHAThL, noyemy
npousoLuna ownbka?

A

poll(): 9
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MuHuMmnsauma cueHapusa ¢ oLmMbKou

[poll(): null, add(9)]

| poll(): null | add(4) | [add(9) ]

| add(3) | add(6)

| poll(): 4 | poll(): 3 | | poll(): null | add(4) |
[add(1), poll(): 6] Lincheck nbiTaeTcs afHo yaansThb

ornepaunnm n3 cueHapm4.

CM. Options.minimizeFailedScenario(..)

130



Lincheck no3BoOSEeT Ierko TeCTMpoBaTb MHOMOMOTOYHbIE
CTPYKTYPbI AaHHbIX

[looaep>XKMBAaET pPa3Hble KOHTPAKTbl KOPPEKTHOCTH
o single reader/writer, dual data structures
o serializability, quiescent consistency

icnonbayem B Kotlin Coroutines
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Bonpocbl?

https://qithub.com/Kotlin/kotlinx-lincheck



https://www.google.com/url?q=https://github.com/Kotlin/kotlinx-lincheck&sa=D&ust=1575430384935000&usg=AFQjCNG9JzoVZ8XuLwrLly_miWDCxLnBew

