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O cebe

* HXXeHep-uccneanosartenb B
nabopatopumn dxLab, Devexperts

* [lpenoaato KypC NO MHOTONOTOYHOMY
nporpammupoBaHuto 8 UTMO

* 3aKaHuyuBato marmnctpatypy MTMO
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Concurrency — 3TO CNOXKHO!
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Concurrency — 3TO CNOXKHO!

... HO TeCTMPOBATb MHOTOMOTOYHbIE
a/ITOPUTMbI He nerye!
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Cyetuuk

class Counter {
private int x;

int incAndGet() {
return ++Xx;
+

}

BbizoBem 1ncAndGet napannenbHo

cs
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CueTyumK: ucnosiHaAem

val ¢ = new Counter():

c.incAndGet(): c.incAndGet():
int t1 = x: int t2 = x;
t1 = t1 + 1; t2 = t2 + 1;
X = t1; X = t2;
return t1; return t2;

cS
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CueTymkK: ucnosnHaAem

val ¢ = new Counter():

c.incAndGet () : c.incAndGet():
@int t1 = x: // 0

®int t2 =x; // 0
Otl1 =t1 +1; // 1
Ox =11; // 1
Ot2 =t2 +1; // 1

Ox =12, // 1

@ return t2; // 1
erEturn tl; // 1 Qg
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CueTymkK: ucnosnHaAem

val ¢ = new Counter():

c.incAndGet () : c.incAndGet ():
@int t1 = x: // 0

Ox = t);
’ “EV\ =t2 +1; // 1

Ox = t2: // 1
@ return t2; // 1

® return t1; // 1 S22
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CyeTumK: YTO OXKnpaem

val ¢ = new Counter();
® c.incAndGet(); // 1

® c.incAndGet(); // 2

NN

val ¢ = new Counter();
@ c.incAndGet(); // 1

® c.incAndGet(); // 2
3
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CyeTuymnK: YTo OXXnaaem

val ¢ = new Counter();
® c.incAndGet(); // 1

O c.incAndGet(); // 1
® c.incAndGet(); // 2

cS
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KOppeKTHOCTb

* [locnepoBaTe/IbHbIXN aNTOPUTM

- MocnepoBatenbHaa cneynduKauma onepaumm

* MHOronoToYHbIN ANTOPUTM

- JlInHeapmnsyemocTb (aka atomapHocCTb)

cs
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JInHeapnsyemocTtb

NcnonHeHne nnHeapunsyemo <~ 3 3KBMBANEHTHOE
nocnenoBateibHoOe UCNONHEeHWUe (Ha camom dene yyme croxcHee)

cS

Slide 12. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



JInHeapnsyemocTtb

NcnonHeHne nnHeapusyemo <~ 3 3KBMBANIEHTHOE
nocnenoBateibHoOe UCNONHEeHWUe (Ha camom dene yyme croxcHee)

val m = new ConcurrentHashMap<Int, Int>();

m.put(4, 5); m.get(4); m.put(2, 4);
m.get(2); m.put(1, 3); m.get(4);
m.put(1l, 1); m.get(1);
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JInHeapnsyemocTtb

NcnonHeHne nnHeapusyemo < 3 aKBMBAJIEHTHOE
nocnenoBateibHoOe UCNONHEeHWUe (Ha camom dene yyme croxcHee)

val m = new ConcurrentHashMap<Int, Int>();

m.put(4, 5); // 0
m.get(2); // 4
m.put(1, 1); // 3

m.get(4); // 0
m.put(1, 3); // 0
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m.put(2, 4); // 0
m.get(4); // 5
m.get(1); // 1
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JInHeapnsyemocTtb

NcnonHeHne nnHeapunsyemo <~ 3 3KBMBANEHTHOE
nocnenoBateibHoOe UCNONHEeHWUe (Ha camom dene yyme croxcHee)

val m = new ConcurrentHashMap<Int, Int>();
@ m.get(4); // 0
© m.put(4, 5); // 0
O m.put(2, 4); // 0
@Om.get(4); // 5

O m.get(2); // 4
@ m.put(1, 1); // 3

©@m.put(1, 3); // 0@
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©Om.get(1); // 1
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JCStress: cuetTyuk

@JCStressTest
@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@gutcome(id = "2, 1", expect = Expect.ACCEPTABLE)
@State
public class CounterTest {
Counter ¢ = new Counter();
@Actor
public void actorl(IntResult2 r) { r.rl = c.incAndGet(); }
@Actor
public void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cS
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JCStress: cueTumnK

@JCStressTest

@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@8utcome(1d = "2, 1", expect = Expect.ACCEPTABLE)
@State

public class CounterTest {

Counter ¢ = new Counter();

@Actor _

public void actorl(IntResult2 r) { r.rl = c.incAndGet(); }
@Actor _

public void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cS

Slide 17. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



JCStress: cueTumnK

@JCStressTest

@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@gutcome(ld = "2, 1", expect = Expect.ACCEPTABLE)
@State

public class CounterTest {

Counter ¢ = new Counter();

@Actor _

public void actorl(IntResult2 r) { r.rl = c.incAndGet(); }
@Actor _

public void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cS
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JCStress: cueTumnK

@JCStressTest

@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@gutcome(ld = "2, 1", expect = Expect.ACCEPTABLE)
@State

public class CounterTest {

Counter ¢ = new Counter();

@Actor _

public void actorl(IntResult2 r) { r.rl = c.incAndGet(); }
@Actor _

public void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cS
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JCStress: cueTumnK

@JCStressTest
@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@8utcome(id = "2, 1", expect = Expect.ACCEPTABLE)
@State
public class CounterTest {
Counter ¢ = new Counter();
@Actor
public void actorl(IntResult2 r) { r.rl = c.incAndGet(); }
@Actor
public void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cS
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JCStress: cuetTyuk

@JCStressTest
@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@gutcome(id = "2, 1", expect = Expect.ACCEPTABLE)
@State
public class CounterTest {
Counter ¢ = new Counter();
@Actor
public void actorl(IntResult2 r) { r.rl = c.incAndGet(); }
@Actor
public void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cS
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JCStress: cuetTyuk

@JCStressTest
@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)
@utcome(id = "2, 1", expect = Expect.ACCEPTABLE)
@State
public class CounterTe==—
Counter ¢ = new Col
eActor 3anycTmm
public void actoril( = c.1incAndGet(); }

@Actor

public void actor2(IntResult2 r) { r.r2
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JCStress: cuetTyuk

@JCStressTest
@utcome(id = "1, 2", expect = Expect.ACCEPTABLE)

@Out -
Sﬁﬁﬁ State Occurences  Expectation

Cov 1, 1 5,003,109 FORBIDDEN

o 1, 2 3,830,773 ACCEPTABLE |
oa 2, 1 2,396,268 ACCEPTABLE |

pubTic void actor2(IntResult2 r) { r.r2 = c.incAndGet(); }

cs
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JCStress: tectupyem ConcurrentHashMap

CueHapuu:

 OpHOBpemeHHOe aobaBneHue n ygaseHne no Kady
* [lapannenbHoe obHoBneHMe ogHoro bucket-a

* [lapannenbHoe obHoBNAeHMe pa3HbiX bucket-oB

* [lapannenbHoe pob6asneHne/yganeHue n nepexewinpoBaHue

cS
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JCStress: tectupyem ConcurrentHashMap

CueHapuu:

 OpHOBpeMeHHOe aobaBneHne 1 yganeHmne no Kardy
e [lapannenbHoe obHoBneHmne ogHoro bucket-a

* [MapannenbHoe obHOBNEHUE pa3HbIX bucket-os

* [MapannenbHoe gobasneHne/yaaneHune u nepexewinpoBaHmne

BO3MOXHble MCNONHEeHUA:
e 2onepauun X 2 NoToKa = 6 nocneanoBaTes/ibHbIX UCNOJIHEHUN

2 onepauun x 3 notoka = 90 (!) nocheposatenbHbIx UcNoAHEHWMIA

cS
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JCStress: tectupyem ConcurrentHashMap

CueHapuu:

BO3MOMHbI

O,ﬂ,HOBpEMEHHOE ,£I,O6aBI'IEHME UvyadaneHme no Kako

[MapannenbHoe obHoOBANE

[MapannenbHoe obHOB/IEH

[lapannenbHoe A0

2 onepauumn x 2 NoToka ={ 1ocneaoBaTebHbIX MCNOJAHEHUN

2 onepaumm x 3 notoka = 90 (!) nocnegosaTtenbHbIX MCNOAHEHMI
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JCStress: pe3stomupyem

* [poBepsieT KOPPEKTHOCTb 3a4aHHOIO CLUEHapUs

* YHUBEpCaJieH: He TONbKO IMHEapmU3yemMoCTb

* HyXHO npoAaymaTb cLueHapuu
- JTO C/IOXKHO

* Hy}KHO onncaTb KOPPEKTHbIE NCXOAbI

- MyTopHO U aonro

cs
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JCStress: pe3stomupyem

ABTOMAaTU3NPOBATL?

* HyXHO npoAaymaTb cLueHapuu
- JTO C/IOXKHO

* Hy}KHO onncaTb KOPPEKTHbIE NCXOAbI

- MyTopHO U aonro

cs
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UpeanbHbIU MHCTPYMEHT

public class CHMTest {
private Map<Int, Int> m =
new ConcurrentHashMap<>();

1. 3apaTb cocToAHME

} cS
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UpeanbHbIU MHCTPYMEHT

public class CHMTest {
1. 3a,£I,aTb COCTOAHUE private Map<Int, Int> m =

2. 3apaTb onepauunu new ConcurrentHashMap<>();

@Operation
public int put(Int k, Int v) {
return m.put(k, v);

}

@Operation
public int get(Int k) {
return m.get(k);

}

} cS
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UpeanbHbIU MHCTPYMEHT

1. 3apaTb cOCTOAHMUE

2. 3apaTtb onepauuu

3. [lpoBepuTb Ha
INHEeapmn3yemocTb

Caenaun xopoulo!
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public class CHMTest {
private Map<Int, Int> m =
new ConcurrentHashMap<>();

@Operation
public int put(Int k, Int v) {
return m.put(k, v);

}

@Operation

public int get(Int k) {
return m.get(k);

I3

public void test() { check(this); }

} cS
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UpeanbHbIU MHCTPYMEHT

1. 3apaTb cOCTOAHMUE

2. 3apaTtb onepauunu

3. [lpoBepuTb Ha
JINHEeapn3yemocCTb

Caenaun xopoulo!
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public class CHMTest {
private Map<Int, Int> m =
new ConcurrentHashMap<>();

@Operation
public int put(Int k, Int v) {
return m.put(k, v);

}

@Operation

public int get(Int k) {
return m.get(k);

s

public void test() { check(this); }

/ e
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Lin-Check

* Lin-Check = Linearization Checker
- https://github.com/Devexperts/lin-check

* [eHepupyeT cLLleHapUK BbINOJIHEHUA, 3aNyCKaeT U
NpoBepAeT Ha IMHEeapPU3yemMocCTb

cs
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Lin-Check: «Hello World»

@StressCTest
public class CounterTest {
private Counter counter;

@Reset _
public void reload() { counter = new Counter(); 7}

@Ogefation
public int incAndGet() {
return counter.incAndGet();

¥

@Test // JUnit test
public void test() { LinChecker.check(CounterTest.class);

)
' e
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Lin-Check: «Hello World»

@StressCTest

public class CounterTest {
private Counter counter; HayanbHOEe COCToOAHUE

@Reset _
public void reload() { counter = new Counter(); 7}

@Ogefation
public int incAndGet() A
return counter.incAndGet():

¥

@Test // JUnit test
public void test() { LinChecker.check(CounterTest.class);

)
' e
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Lin-Check: «Hello World»

@StressCTest

public class CounterTest {
private Counter counter; Onepau,vm

@Reset _
public void reload() { counter = new Counter(); }

@OBefation
public int incAndGet() {
return counter.incAndGet();:

}

@Test // JUnit test
public void test() { LinChecker.check(CounterTest.class);

)
' e
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Lin-Check: «Hello World»

@StressCTest
public class CounterTest { ﬂpOBepKa Ha

private Counter counter;
NNMHEAPU3YEMOCTDb
@QReset

public void reload() { counter = new Counter(); }

@Ogefation
public int incAndGet() A
return counter.incAndGet():

¥

@Test // JUnit test
public void test() { LinChecker.check(CounterTest.class);

}
: cS
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Lin-Check: «Hello World»

@StressCTest
public class CounterTest {
private Counter counter;

@Reset _
public void reload() { counter = new Counter(); 7}

@Ogefation
public int incAndGet() {
return counter.incAndGet();

¥

@Test // JUnit test
public void test() { LinChecker.check(CounterTest.class);

)
' e
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Lin-Check: «Hello World»

@StressCTest
public class CounterTest {
private Counter counter;

@QReset

public void reload() { counter = new Counter(); }

0 ]
SUE%Eg ;L.(rjn?: 1ncAng 3a NYCTUM

) return counte

@Test // JUnit test
public void test() { LinChecker.check(CounterTest.class);

}
: cS
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Lin-Check: «Hello World»

= Iteration 1 / 200 =

Actors per thread:

[incAndGet (), incAndGet(), incAndGet()]
[incAndGet(), incAndGet(), incAndGet(), incAndGet()]

Non-linearizable execution:
[2, 3, 5]
[1, 3, 4, 6]

Possible linearizable executions:
[3, 6, 7]
[1, 2, 4, 5]

[1, 2, 5]
[3, 4, 6, 7]

cS
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Lin-Check: «Hello World»

= Iteration 1 / 200 =

Actors per thread:

[incAndGet (), incAndGet(), incAndGet()]
[incAndGet(), incAndGet(), incAndGet(), incAndGet()]

Non-linearizable execution:
[2, 3, 5]

[1, 3, 4, 6] CueHapmnmn BbIMOJIHEHUSA

Possible linearizable executions:
[3, 6, 7]
[1, 2, 4, 5]

[1, 2, 5]
[3, 4, 6, 7]

cS
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Lin-Check: «Hello World»

= Iteration 1 / 200 =

Actors per thread:

[incAndGet (), incAndGet(), incAndGet()]
[incAndGet(), incAndGet(), incAndGet(), incAndGet()]
Non-linearizable execution:
[2, 3, 5] He moryT aga incAndGet

[1, 3, 4, 6] BEPHYTb OZHO U TO 3Ke

Possible linearizable executions:
[3, 6, 7]
[1, 2, 4, 5]

[1, 2, 5]
[3, 4, 6, 7]

cS
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Lin-Check: uytb cnoxHee

@<Strategy>(CTest
@Param(name = "key", gen = IntGen.class, conf = "1:3")
@Param(name = "value", gen = IntGen.class)

public class CHMTest {
private Map<Integer, Integer> m;

@Reset
public void reload() { m = new ConcurrentHashMap<>();

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); *

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class); !

/ cS
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Lin-Check: uytb cnoxHee

@<Strategy>CTest

@Param(name = "key", gen = IntGen.class, conf = "1:3")

@Param(name = "value", gen = IntGen.class)

public class CHMTest {
private Map<Integer, Integer> m; HayanbHOe cocTosaHue
@Reset

public void reload() { m = new ConcurrentHashMap<>(); }

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); }

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class); }

/ cS
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Lin-Check: uytb cnoxHee

@<Strategy>(CTest
@Param(name = "key", gen = IntGen.class, conf = "1:3")
@Param(name = "value", gen = IntGen.class)
public class CHMTest {
private Map<Integer, Integer> m; Onepaulmm
@Reset

public void reload() { m = new ConcurrentHashMap<>(); }

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); }

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class); }

/ cS

Slide 45. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



Lin-Check: uytb cnoxHee

@<Strategy>(CTest
@Param(name "key", gen = IntGen.class, conf = "1:3")

@Param(name “"value", gen IntGen.class)
public class CHMTest { [eHepaTopbl

private Map<Integer, Integer> m; o
NnapameTpoB onepaunu

@Reset
public void reload() { m = new ConcurrentHashMap<>(); }

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); }

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class); }

/ cS
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[eHepaTOp NapameTpoB onepaLni

/ k%
* The implementation of this interface 1s used
* to generate parameter values for
*x {@link Operation operations}.
x/
public interface ParameterGenerator<T> {
T generate();
}

cS
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Lin-Check: uytb cnoxHee

@<Strategy>(CTest
@Param(name "key", gen = IntGen.class, conf = "1:3")

@Param(name “"value", gen IntGen.class)
public class CHMTest { [eHepaTopbl

private Map<Integer, Integer> m; o
NnapameTpoB onepaunu

@Reset
public void reload() { m = new ConcurrentHashMap<>(); }

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); }

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class); }

/ cS
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Lin-Check: uytb cnoxHee

@<Strategy>CTest
@Param(name "key", gen = IntGen.class, conf = "1:3")
@Param(name "value", gen = IntGen.class)

public class CHMTest { ﬂpOBepKa Ha
private Map<Integer, Integer> m;
NMNHEAPUN3YEMOCTDb

@Reset
public void reload() { m = new ConcurrentHashMap<>(); }

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); }

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class);

/ 52
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Lin-Check: uytb cnoxHee

@<Strategy>(CTest
@Param(name = "key", gen = IntGen.class, conf = "1:3")
@Param(name = "value", gen = IntGen.class)

public class CHMTest {
private Map<Integer, Integer> m;

@Reset
public void reload() { m = new ConcurrentHashMap<>();

@Operation(params = {"key", "value"})
public int put(Integer k, Integer v) { return m.put(k, v); *

@Operation
public int get(@Param(name = "key") Integer k) { return m.get(k); }

@Test // JUnit test
public void test() throws Exception { LinChecker.check(CHMTest.class); !

/ cS
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[eHepauunAa cueHapues BbiNOJIHEHUA

* Tectnpyem ConcurrentHashMap

* [eHepupyem banT-Ko4, ANA KaxKaoro n3 notokos (ASM)

 CoxpaHAaem pe3ynbTaT Kaxkaou onepaumu

val m = new ConcurrentHashMap<Int, Int>();

// start thread #1 // start thread #2 // start thread #3
r1[1] = m.put(4, 5); |r2[0] = m.get(4); r3[0] = m.put(2, 4);
ri[2] = m.get(2); r2[1] = m.put(1, 3); [r3[1] = m.get(4);
r1[3] = m.put(1, 1); |// done r3[2] = m.get(1);
// done // done

cS
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OauH nucatenb/uutaTennb

* Hanucanun ceon SingleWriterHashMap

* Nnun single-[producer,consumer] oyepeab

Consumer

Producer Consumer

Consumer

cS
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OauH nucatenb/uutaTennb

* Hanucanun ceon SingleWriterHashMap

* Nnun single-[producer,consumer] oyepeab

Consumer

Producer Consumer

Consumer

KaK rapaHTUpOBaTb, YTO TOJIbKO
OAVH Nucatenb/ynTaTenn?

cS
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OauH nucatenb/uutaTtennb: API

@0pGroupConfig(name = "producer"™, nonParallel = true)
@StressCTest
public class SPMCQueueTest {

private SPMCQueue<Integer> q;

@Reset
public void reset() { q = new SPSCQueue<>(); }

@Operation(group = "producer”)
public void offer(@Param(gen = IntGen.class) Integer x) { g.offer(x); }

@Operation
public Integer poll() { return q.poll(); }

@Test public void test() { LinChecker.check(SPMCQueueTest.class); }

} cS
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OauH nucatenb/uutaTtennb: API

@0pGroupConfig(name = "producer", nonParallel = true)
@StressCTest
public class SPMCQueueTest {

private SPMCQueue<Integer> q;

@Reset
public void reset() { g = new SPSCQueue<>(); ;

@Operation(group = "producer”)
public void offer(@Param(gen = IntGen.class) Integer x) { qg.offer(x); }

@Operation
public Integer poll() { return q.poll(); }

@Test public void test() { LinChecker.check(SPMCQueueTest.class); }

/ cS
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OauH nucatenb/uutaTtennb: API

@0pGroupConfig(name = "producer", nonParallel = true)
@StressCTest
public class SPMCQueueTest {

private SPMCQueue<Integer> q;

@Reset
public void reset() {

| 3anycTmm
@peration(group = "pr

public void offer(@Parsmger——arrcocrs

nteger x) { g.offer(x); }

@Operation
public Integer poll() { return g.poll(); }

@Test public void test() { LinChecker.check(SPMCQueueTest.class); }

} cS
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OAauH nucatenb/unTaTeNb: CLeHapun

= Iteration 1 / 200 =

Actors per thread:

[offer(2), poll(), poll()]
[poll(), poll(), poll(), poll()]

= Iteration 2 / 200 =

Actors per thread: Offer( ) TOJ/IbKO
[offer(1l), poll(), offer(4)]
[poll(), poll(), poll()] B OAHOM NOTOKE

= Iteration 3 / 200 =

Actors per thread:

[offer(-8), offer(-2), offer(-8), poll()]
[poll(), poll(), poll(), poll()]

cs
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OpHopa3soBasa onepaumn

° HeKOTOpre onepaunnt MmMOXHO BbINOJZIHATb TOJ/IbKO OAUH Pa3

- shutdown ()
- close()

cS
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OpHopa3oBana onepaLlun

° HEKOTOpre onepaunnt MmMOXHO BbINOJZIHATb TOJ/IbKO OAUH Pa3

- shutdown ()
- close()

@Operation(runOnce = true)

public void shutdown() {
job.shutdown();

s

cS
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Pe3ynbTaT B KauecTse NnapameTpa

* Pe3ynbTaT 0AHOW onepaunn = napameTp Apyrou

class MyStack {
Node push(int val) { ... }

int pop() { ... }

boolean remove(Node node) { ... }

cS
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Pe3ynbTaT B KauecTse NnapameTpa

* Pe3ynbTaT 0AHOW onepaunn = napameTp Apyrou

class MyStack {
Node push(int val) { ... }

int pop() { ... }

boolean remove(Node node) { ... }

cS
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Pe3ynbTaT B KayecTBe napameTpa: XesaHue

* XOTUM NPUMEPHO TaKoe UCNONHEHME:

val s = new MyStack();

Node node = s.push(1); |s.pop();
s.remove(node) ;

* Ho KaK ero nony4mTb?

cS
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Pe3ynbTtaTt B KayecTse napamertpa: API

@OpGroupConfig(name = "push_remove", nonParallel = true)
@Stress(CTest
public class MyStackTest {

private MyStack stack; private Node lastPushNode;

@Reset public void reset() { stack = new MyStack(); lastPushNode = null; ;

public void push(@Param(gen = IntGen.class) int x) { lastPushNode = stack.push(x); }

@Operation
public int pop() { return stack.pop();

@peration(group = "push_remove”)
public boolean remove() {
Node node = lastPushNode;

return node != null ? stack.remove(node) : false;

}

@Test public void test() { LinChecker.check(MyStackTest.class); }

} cS
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Pe3ynbTaTt B KayectBe napameTtpa: API

@OpGroupConfig(hame = "push_remove", nonParallel = true)

@StressCTest
public class MyStackTest {
private MyStack stack; private Node lastPushNode;

@Reset public void reset() { stack = new MyStack(); lastPushNode = null; }

@Operation(group = "push_remove”)
public void push(@Param(gen = IntGen.class) int x) { lastPushNode = stack.push(x); }

@Operation

public int pop() { return stack.pop(); } 3a|'|OMMHaeM p63yf|bTaT
@Operation(group = "push_remove”) push_a

public boolean remove() {

Node node = lastPushNode:
return node != null ? stack.remove(node) : false;

}

@Test public void test() { LinChecker.check(MyStackTest.class); }

} cS
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Pe3ynbTaTt B KayectBe napameTtpa: API

@OpGroupConfig(name = "push_remove", nonParallel = true)
@StressCTest
public class MyStackTest {

private MyStack stack; private Node lastPushNode;

@Reset public void reset() { stack = new MyStack(); lastPushNode = null; }

@Operation(group = "push_remove”)
public void push(@Param(gen = IntGen.class) int x) { lastPushNode = stack.push(x); }

@Operation

public int pop() { return stack.pop(); } Ecawn YBUNAOENUN pe3ybTaT
@0peration(group = "push_remove”) -

public boolean remove() { pUSh d, YAaAEM

Node node = lastPushNode;
return node != null ? stack.remove(node) : false;

}

@Test public void test() { LinChecker.check(MyStackTest.class); }

} cS
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Pe3ynbTaTt B KayectBe napameTtpa: API

@OpGroupConfig(name = "push_remove", nonParallel = true)
@StressCTest
public class MyStackTest {

private MyStack stack; private Node lastPushNode;

@Reset public void reset() { stack = new MyStack(); lastPushNode = null; }

@peration(group = "push_remove”)

public void push(@Param(gen = IntGen.class) int x) { lastPushNode = stack.push(x); *

@Operation
public int pop() { return stack.pop(); }

@0peration(group = "push_remove”)
public boolean remove() {
Node node = lastPushNode;
return node != null ? stack.remove(node)

}

BbinonHsaem push u

remove B 0O4HOM MNOTOKe

: false;

@Test public void test() { LinChecker.check(MyStackTest.class); }

s
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[lpoBepKa KOPPEKTHOCTIN

 XOTUM NPOBEPUTb, YTO PE3YNAbTaTbl BbIMOJHEHUA ONepaLui
(r1, r2, r3) BO3MOXHbl B IMHEAPU3YEMOM UCTMOJIHEHUN

cS
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JInHeapnsyemocTtb

NcnonHeHne nnHeapunsyemo <~ 3 3KBMBANEHTHOE
nocnenoBateibHoOe UCNONHEeHWUe (Ha camom dene yyme croxcHee)

cS
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[lpoBepKa KOPPEKTHOCTIN
* XOTUM NPOBEPUTb, YTO PE3YyNbTaTbl BbINOJIHEHUA ONepauni
(r1, r2, r3) BO3MOXHbl B IMHEAPU3YEMOM UCTMOJIHEHUN

* Nwem nepectaHOBKY onepaunin, pesynbTaT
nocnenoBaTeNIbHOro BbINOMHEHNA KOTOPOU COBMaAaeT C
pe3y/1IbTaTOM MHOTOMOTOYHOIO UcnoaHeHus (rl, r2, r3)

* Ecnm Takon nepecTtaHOBKU HET, HalLAM OWNDOKY

cs
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Kak 3anycKatb cueHapuu?

* CTpecc pexmm

- 3anycKaem NOTOKM OHOBPEMEHHO, XAEM 3aBepLUEeHUA U
CMOTPUM Ha pe3y/sibTaT

- [lenaem 310 MHOrO pa3 (npuseT, JCStress)

* YnpaBaaemoe UcnosiHeHune

- O6 saTOM NO3Ke

cs
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Ctpecc-peXum: npumep

Barrier (start)

put(4, 5)

Ve

get(2)

Ve

\ put(wl, 1) ]

~

get(4)

put(1, 3)

put(2, 4)

[ ge{(l)

get(4)

Barrier (finish)
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Ctpecc-pexXum: npumep

Barrier (start) «OaHOBPEMEHHbINY» CTapT
put(4, 5) get(4) put(2, 4)
. s y N s % . ¥ * [MapannenbHoe
) e A g UCNoJIHeHMe onepaumin:
get(2) put(l, 3) _ get(4) NPOMCXOAAT FOHKM,

p v v . OLWMOBKM CMHXPOHM3ALUMU
: put(1, 1) J { get(1) | nr.a.

Barrier (finish) \

cS
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Ctpecc-peXum: npumep

Barrier (start) | «OpHOBpeMeHHbI» cTapT

( )

but(4, 5) get(4) out(2, 4)

- - J

~

“ [lapannenbHoe

\ 4
4 )

G i : g ] ) MCMOSHEeHWe onepaLmii:
8 get(2) y 8 put(1, 3) y ’ get(4) ) TOHKMU, OWMNDOKMU
- . . N CUHXPOHU3aAUNN U T.A.
put(1, 1) } [ get(1)
( Barrier (finish) Bce 3aKoHuUMAM paboty

cS
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Ctpecc-pexXum: npumep

Barrier (start) «OHOBPEMEHHbIN» cTapT
put(4, 5) get(4) put(2, 4) ]
: ;s / : ;s / : I [lapannenbHoe
a ) & 2 & NCNOJIHEHME onepalnn:
N gEt(Z) y, N pUt(l' 3) y, N get(4) FTOHKMW, OWNOKM

v v
put(1, 1) |  get(1)

~  CUHXPOHM3aUUN U T.A.

. Barrier (finish) | Bce 3akoHumMu paboty

cS
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Ctpecc-pexXum: ynydwiaem noKpbiTUe

: Barrier (start)
4 4 ) get(l)
t(4, 5 ut(2, 5
put(4, 5) put(2, 5) cet(2)
\ \ /
_ get(2) “ h
put(1, 5)
\ )
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Ctpecc-peXum: yay4ywiaem NnoKpbiTUe

Barrier (start)

put(4, 5)

- get(2)

4 )

put(2, 5)

get(1)

NG J
4 )

put(1, 5)

get(2)

- /

time

Ha npakTtuKke no4ytu Bceraa get(1) go put(1, 5)
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Ctpecc-peXum: yay4ywiaem NnoKpbiTUe

Barrier (start)

|

put(4, 5)

- get(2)

XoTenocb 6bl NONYYUTb TAKOE UCNOJTHEHUE
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. N
put(2, 5)

NG J
4 )

put(1, 5)

get(1)

- /

get(2)

time
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CTpecc-peXum: yay4ywiaem nNnoKpbiTUe

: Barrier (start) ]
4 a ™\ \
put(4, 5) put(2, 5) BUSY
WAIT
\ \_ Y
4 ™ 4
 get(2) ]
put(1, 5)
\_ ) get(2)

Bctasum b6ecnonesHyto paboty
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Ctpecc-peXum: yay4ywiaem noKpbiTHUe

Barrier (start)

Be3pe... n cnyyanHyio!
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N\ 4 I
put(4, 5) put(2, 5) BUSY
\_ Y, \_ y WAIT
" BUSY | ( )
. WAIT - 2 set(1)
put(1, 5)
get(2) . )
get(2)

time
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Ctpecc-peXum: pestommpyem

e [lo6baBnAem 3a4eprKKM He TOJIbKO MeX Ay onepaumnamm, HO U
BHYTPU HUX

* [Ipobyem 3anycKaTtb € 3aJepPXKKaMun Pa3HON BENNYMHDI

cS
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Ctpecc-peXum: pestommpyem

e [lo6baBnAem 3a4eprKKM He TOJIbKO MeX Ay onepaumnamm, HO U
BHYTPU HUX

* [Ipobyem 3anycKaTtb € 3aJepPXKKaMun Pa3HON BENNYMHDI

KakK eule yayywnTb
NOKpbITUE?

cs
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ynpasnaemble cTpaterum

* He byaem HageATbCA Ha 3aJeP>KKU, CaMU NnepeKktovaem
MOTOKM B HY}HbIX MecTax

e ECTb Ky4ya cTpaTermm ana nepekatoyeHus

* [103BONAIOT HAXOAUTb TOTUYECKUEe OLNDOKU

* AcnosniHeHUe He coaepUT TOHOK

cs
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One-switch cTrpaterus

* EcTb TaKoOW cueHapun:

-

o

put(4, 5)

~

)

{ get(2) J
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put(2, 5)

~

get(1)

get(2)
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One-switch cTrpaterus

e XoyeTcAa ymeTb UCNONHATb KaK-TO TaK:

a4 ; N a4

~

a
- =~ -
DY

Slide 84. Copyright © 2017. Devexperts LLC. All rights reserved.

-~

-

BbINOAHUM YacCTb
NepBOro NOTOKa
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One-switch cTrpaterus

e XoyeTcAa ymeTb UCNONHATb KaK-TO TaK:

4 N

a
-
Y
/
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[lepekntoymmca Ha
BTOPOM
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One-switch cTrpaterus

e XoyeTcAa ymeTb UCNONHATb KaK-TO TaK:

4 N A
Tenepb Ha TpeTumn
R
N Y, N y {
{ J 4 y
N Y,

cS
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One-switch cTrpaterus

e XoyeTcAa ymeTb UCNONHATb KaK-TO TaK:

Ob6paTHO Ha BTOpPOM

cS
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One-switch cTrpaterus

e XoyeTcAa ymeTb UCNONHATb KaK-TO TaK:

-

~
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Ha nepsbin,
Ha TPEeTUMn
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One-switch: TOUKU nepeKkntoyeHuUsn

* [ne NoTeHUMA/IbHbIE TOYKM NEPEK/TIOHEHUNA?

e N
/
"
o
J

cS
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One-switch: Toukn nepekntoyeHus

JlocTyn K pasaenaembiM nepemMeHHbIM:

* [lonAa
- getfield, putfield, getstatic, putstatic

* 31eMeHTbl MacCuBa
- Xaload, Xastore, X={a,i,d, ...}

cS
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One-switch: npunopuresauumn

* BO3MOKHbIX CLEHapUEB NEPEKNOYEHMNA MOXKET BbITb MHOTO

* XouyeTcA OrpdHnNYdnNTb UX KOJINYHECTBO

cS

Slide 91. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



One-switch: npuopuresauuan

* BO3MOKHbIX CLEHapUEB NEPEKNOYEHMNA MOXKET BbITb MHOTO

* XouyeTcA OrpdHnNYdnNTb UX KOJINYHECTBO

OrpaHU4YMM KONNYECTBO UCTMOJIHEHUN,
BbIMO/IHAA bonee «MHTepecHble» paHblue

cs
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[lepeKkntoyeHmne NOTOKOB

* B ynpaBnsiemblX cTpaTernsax MCNoaHeHne ae-pakto
nocnepoBatenbHoe

* MHOro pecypcoB TPaTUTCS Ha NepPeKNtoYeHNe NOTOKOB

cS
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[lepeKkntoyeHmne NOTOKOB

* B ynpaBnsiemblX cTpaTernsax MCNoaHeHne ae-pakto
nocnepoBatenbHoe

* MHOro pecypcoB TPaTUTCS Ha NepPeKNtoYeHNe NOTOKOB

NpeAa: nerkoBecHble
NOTOKM!

cs
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JlerKkoBeCHbIe NMNOTOKM

* Fibers, green threads, [co,go0,...]routines, ...

e GpemmBopK Quasar

- http://www.paralleluniverse.co/quasar/

* [1pn HebonbLIOU rNYOUHE CTEKA NEepeKt0oYEeHUe NOTOKOB
HAaMHOrO aellessie

- Haw cayyaun!

cs
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Ctpecc vs YnpaBaaemblie

* YnpaBnsemsble cTpaTernm ewe B paspaboTke
* One-switch yyTb meaneHHee Stress pexxnma

* One-switch + Fibers = B 1.5 pa3a bbicTpee

e One-switch + Fibers + Parallel = ???

cs
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Ctpecc vs YnpaBaaemblie

* YnpaBnsemsble cTpaTernm ewe B paspaboTke
* One-switch megneHHee Stress pexxmma

* One-switch + Fibers = npumepHO TaK e

e One-switch + Fibers + Parallel = ???

B ynpaBnaembix
cTpaTermax HeT roHoK!

cs
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NToro

* TecTMpoBaTb MHOIOMOTOYHbIE NPOrPaMmMbl HEMPOCTO, HO
Tenepb ecTb Lin-Check

- https://github.com/Devexperts/lin-check

* cnonb3yeTca B Devexperts n Jetbrains

- N ewe KTo-TO CcKpbiBaeTca ©

cs
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lin-check downloads

Total downloads: 2,048

New
Zeala

n
Map data ©2017 Terms of Use

c3
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BbOHYC

B MHOronoTo4HOM MUpPE KOPPEKTHOCTb = IMHEapU3yemMoCTb

cs
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BbOHYC

B MHOronoTo4HOM MUpPE KOPPEKTHOCTb = IMHEapU3yemMoCTb

Harnaa no)Xpl*

* NMoutn Bcerpa npasaa ©

cs
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boHyc: relaxed priority queuel

* EcTb NnpuopuUTeTHaA oyepeab 3a4au

9 | task
8 | task 6 | task

Consumer
Consumer
Consumer

1 Alistarh, Dan, et al. "The SprayList: A scalable relaxed priority queue." ACM SIGPLAN Notices 50.8 (2015): 11-20.

cS
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boHyc: relaxed priority queue

* EcTb NnpuopuUTeTHaA oyepeab 3a4au

9 | task
8 | task 6 | task

Consumer
Consumer
Consumer

BbinonHAeM 3a4a4u napansienbHo =
MOXEM BbIMOJIHUTb UX B KHEMPaBWIbHOM» nopsaaKe!

cS
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boHyc: relaxed priority queue

 Coenaem eé relaxed

5 | task 9 | task

Consumer

8 | task_ 6 | task_

Consumer

cS
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boHyc: relaxed priority queue

 Coenaem eé relaxed

9 | task

Consumer

8 | task_ 6 | task_

Consumer

cS
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boHyc: relaxed priority queue

 Coenaem eé relaxed

9 | task

Consumer

Consumer

'8 [task | 2 [task ] | 6 [task

cS
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boHyc: relaxed priority queue

 Coenaem eé relaxed

9 | task

Consumer

Consumer

8 [task 6 [task.

cS
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boHyc: relaxed priority queue

 Coenaem eé relaxed

7| task | 9 | task

Consumer

8 [task 6 [task.

Consumer

cS
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boHyc: relaxed priority queue

 Coenaem eé relaxed

Consumer
7 | task
Consumer

9 | task_
6 | task_

8 | task_

cS

Slide 109. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



boHyc: relaxed priority queue

e Coenaem eé relaxed

Consumer
Consumer

Consumer

33434y «6» NMoKa HUKTO He B3An.
N 3TO HOpMmanbHO!

9 | task_
6 | task_

8 | task_

cS
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boHyc: Verifier

B Lin-Check moKHO yKa3aTb cBOW BEpUPUKATOP

StressCTest(verifier = MyTest.MyVerifier.class)
public class MyTest {

public static class MyVerifier extends Verifier {
public MyVerifier(List<List<Actor>> actorsPerThread,
Object testInstance, Method resetMethod) {
super(actorsPerThread, testInstance, resetMethod); }

@Override
public void verifyResults(List<List<Result>> results) {

}

} cs
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boHyc: Verifier

B Lin-Check moKHO yKa3aTb cBOU BepUPUKATOP

StressCTest(verifier = MyTest.MyVerifier.class)
public class MyTest {

public static class MyVerifier extends Verifier {
public MyVerifier(List<List<Actor>> actorsPerThread,
Object testInstance, Method resetMethod) {
super(actorsPerThread, testInstance, resetMethod); }

@Override
public void verifyResults(List<List<Result>> results) {

}

} cS
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boHyc: Verifier

B Lin-Check moKHO yKa3aTb cBOU BepUPUKATOP

StressCTest(verifier = MyTest.MyVerifier.class)
public class MyTest {

public static class MyVerifier extends Verifier {
public MyVerifier(List<List<Actor>> actorsPerThread,
Object testInstance, Method resetMethod) {
super(actorsPerThread, testInstance, resetMethod); }

@Override
public void verifyResults(List<List<Result>> results) {

}

} cS
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boHyc: Verifier

B Lin-Check moKHO yKa3aTb cBOU BepUPUKATOP

StressCTest(verifier = MyTest.MyVerifier.class)
public class MyTest {

public static class MyVerifier extends Verifier {
public MyVerifier(List<List<Actor>> actorsPerThread,
Object testInstance, Method resetMethod) {
super(actorsPerThread, testInstance, resetMethod); }

@Override
public void verifyResults(List<List<Result>> results)

}

} cS
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boHyc: Verifier

B Lin-Check moKHO yKa3aTb cBOW BEpUPUKATOP

StressCTest(verifier = MyTest.MyVerifier.class)
public class MyTest {

public static class MyVerifier extends Verifier {
public MyVerifier(List<List<Actor>> actorsPerThread,
Object testInstance, Method resetMethod) {
super(actorsPerThread, testInstance, resetMethod); }

@Override
public void verifyResults(List<List<Result>> results) {

}

} cs
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