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How to make this presentation interesting?
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Talk outline

Test randomization is cool.
Randomized testing.
Support from tools.

Parallel <junit>.



Unit Testing



Unit Testing

Tests are good.
More tests — more reliable software.

Tests should cover boundary conditions.



But...

1 execution = 1000 executions.



isRectange(shape)

Test assertions

Your code (as you think).




isRectange(shape)

Test assertions

Your code (as you think). Your code (as it is).




But...

1 execution = 1000 executions.

Complex interactions are hard implement.



But...

1 execution = 1000 executions.
Complex interactions are hard implement.

Increased CO, emission:)



Example. String [] words = {
Can this ever fail? "Poznan", "Spring”, "sun" };
i public void poznanWords(Random r) {
for (int i = 0; i < 100; i++) {
int index =
Math.abs(r.nextInt()) % words.length;
System.out.printin(words[index]);
}
}



Example.
Can this ever fail?

Happy coders
keep it green...
or something.

String [] words = {
"Poznan", "Spring", "sun" };
public void poznanWords(Random r) {
for (int i = 0; i < 100; i++) {
int index =
Math.abs(r.nextInt()) % words.length;
System.out.printin(words[index]);
}
}

@Test
public void testPoznanWords() {
poznanWords (new Random());

}



Example.
Can this ever fail?

Happy coders
keep it green...
or something.

But once in 2%...

String [] words = {
"Poznan", "Spring", "sun" };
public void poznanWords(Random r) {
for (int i = 0; i < 100; i++) {
int index =
Math.abs(r.nextInt()) % words.length;
System.out.printin(words[index]);
}
}

@Test
public void testPoznanWords() {
poznanWords (new Random());

3

Rums: 1/1 H Ermors: 1 B Failures: 0

- E?_:p:om.carrotsearch.randomizedtesting.examples.TestExamplel [Runne

el




The why?



Runs: 1/1 B Errors: 1 B Failures: 0

- EEcom.carmtsearth.randomizedtesting.examples.TestExamplel [Runng¢

How do you debug it?
How do you repeat it?

HtestPoznanWords2




Runs: 1/1 B Errors: 1 B Failures: 0

- EEcom.carrotsearch.mndomizedtesting.examples.TestExamplel [Runn¢

T

How do you debug it?
How do you repeat it?

Use pseudo-randomness
and publish the seed.



How do you debug it? Runs: 1/1 B Errors: 1 M Failures: 0
How do you repeat it? ——

- Eacom.carrotsearch.randomizedtesting.examples.TestExamplel [Runng¢

]
Use pseudo-randomness @Test

and publish the seed. @Seed("487A51B") // get unlucky...
public void testPoznanWords2() {
poznanWords (
RandomizedContext.current()
.getRandom());




How do you debug it? Runs: 1/1 o Errors: 1 B Failures: 0
How do you repeat it? I —

- EEcom.carmtsearth.randomizedtesting.examples.TestExamplel [Runn¢

Use pseudo-randomness @Test

and publish the seed. @Seed("487A51B") // get unlucky...
public void testPoznanWords2() {
poznanWords (
RandomizedContext.current()
.getRandom());

—

crashes every time. Runs: 2/2 HEmors: 1 O Failures: 0
I

- EECum.carmtsearth.mndom\zedtesting.examples.TestExamplEl [Runner: JUr|
Etest?oznanWom; {seed=[DOE4FD437BB6FD2A:313DD5593CT63CC2]} |

HtestPoznanWords2 {seed=[D0E4FD437BB6FD2A:487AS1B]} (0.006 5)
[ [2]

—_ S
= Failure Trace

JE java.lang.ArraylndexOutOfBoundsException: -2

at _randomizedtesting.Seedinfo.seed([DOE4FD437BB6FD2A:48TAS1B]:0)
at com.carrotsearch.randomizedtesting.examples.TestExamplel.poznanWo
at com.carrotsearch.randomizedtesting.examples.TestExamplel.testPoznar
at com.carrotsearch.randomizedtesting.RandomizedRunnerinvoke(Random




Boundary /** From: Lucene's _TestUtil.

conditions are * Start and end are BOTH inclusive. */
h int nextInt(Random r, int start, int end) {
everywhere. return start + r.nextInt(end - start + 1);

}



Boundary
conditions are

everywhere.

Gotcha!

/** From: Lucene's _TestUtil.
* Start and end are BOTH inclusive. */
int nextInt(Random r, int start, int end) {
return start + r.nextInt(end - start + 1);
}

nextInt(r, 0, Integer.MAX_VALUE)

Runs: 1/1 B Ermors: 1 B Failures: 0

- Egcnm carrotsearch.randomizedtesting.examples barcelona TestTestUtil [Runn
SHtestNextint [1C19CF57A3A4AB43:1C19CF57F5159C49] (0.001 s)
————— ——— e ———
—+

—_— . (
= Failure Trace 4=

(

JQ java.lang.lllegalArgumentException: n must be positive
= at _randomizedtesting.SeedInfo.seed([1C19CF57A3A4AB43:1C19CF57F5159

= atjava.util.Random.nextint{Random.java: 250)




Randomized Testing



Randomized Testing

(mini-manifesto)
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(mini-manifesto)

Each test covers a possibly different execution path (or data).



Randomized Testing

(mini-manifesto)

Each test covers a possibly different execution path (or data).
Each test can be repeated given the same randomization seed.



Randomized Testing

(mini-manifesto)

Each test covers a possibly different execution path (or data).
Each test can be repeated given the same randomization seed.
Each test is repeated lots of times (— build server, developers).



Historical note

Industry and academia
Hacking.
Lucene Test Framework.

Carrot Search.



What can be randomized?

1. Input data, iteration counts, arguments.

// Lucene/Solr source code (LTC)

final int iters = atlLeast(200);

for (int iter = 0; iter < iters; iter++) {
/] ...

}

// Lucene/Solr source code (LTC)
if (random.nextBoolean()) {

term = _TestUtil.randomRealisticUnicodeString(random);
} else {

// we want to mix in Timited-alphabet symbols so

// we get more sharing of the nodes given how few

// terms we are testing...

term = simpleRandomString(random);



What can be randomized?

1. Input data, iteration counts, arguments.

2. Software components.

public static String randomDirectory(Random random) {
if (rarely(random)) {
return CORE_DIRECTORIES[random.nextInt(CORE_DIRECTORIES.length)];
} else {
return "RAMDirectory";
}
}



What can be randomized?

1. Input data, iteration counts, arguments.
2. Software components.

3. Environment.

locale = TEST_LOCALE.equals("random") ? randomLocale(random) : ...
Locale.setDefault(locale);

timeZone = TEST_TIMEZONE.equals("random"™) ? randomTimeZone(random) : ...
TimeZone.setDefault(timeZone) ;



What can be randomized?

1. Input data, iteration counts, arguments.
2. Software components.
3. Environment.

4, Exceptional triggers.



What can be asserted?

Exact output.



What can be asserted?

Exact output.

Sanity checks.



What can be asserted?

Exact output.
Sanity checks.

Nothing.



RandomizedRunner



Writing randomized tests

Home_grown Solutions. long seed = System.currentTimeMillis(Q);
System.out.printin(seed);
Random rnd = new Random(seed);
passToTests(rnd);



Writing randomized tests

Home-grown Solutions. long seed = System.currentTimeMillis(Q);

System.out.printin(seed);
Random rnd = new Random(seed);
passToTests(rnd);

Random ized Ru n ner. @RunWith(RandomizedRunner.class}

public class MyRandomizedTest



RandomizedRunner's goals



RandomizedRunner's goals

Compatibility

with JUnit (and tools). At 99%, relax contracts when useful.
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Compatibility

with JUnit (and tools). At 99%, relax contracts when useful.

Built-in randomization

including reporting/ stack augmentations.



RandomizedRunner's goals

Compatibility

with JUnit (and tools). At 99%, relax contracts when useful.

Built-in randomization

including reporting/ stack augmentations.

Test isolation

by tracking spawned threads. Timeouts. Terminations.



RandomizedRunner's goals

Compatibilit
with JUnit (and tools). At 99%, relax contracts when useful.

Built-in randomization

including reporting/ stack augmentations.

Test isolation
by tracking spawned threads. Timeouts. Terminations.
Utilities
@Repeat, @Seed, @Nightly, @TestGroup, @TestFactories...



@RR: Basics



Using RandomizedRunner

@RunWith(RandomizedRunner.class)
public class TestSomething {
@Test
public void myTest() {
// your code here.

99% of situations identical to the default runner.



Using RandomizedRunner

@RunWith(RandomizedRunner.class)
public class TestSomething {
@Test
public void myTest() {
// your code here.

99% of situations identical to the default runner.
Failures typically a result of incorrect assumptions!



@RunWith(RandomizedRunner.class}

public class TestClassl {

@BeforeClass private static void

@Before private
@Test public
@Test public
@Test public
@After private

void
void
void
void
void

@AfterClass private static void

}

beforeClass()
before()
testl 10
testl 20
testl 30
after()
afterClassQ)

e e Ve

public class TestClass2 extends TestClassl {
@BeforeClass private static void

@Before private
@Test public
@Test public
@Test public
@After private

void
void
void
void
void

@AfterClass private static void

beforeClass() {
before() {
test2_10) {
test2_20) {
test2_30 {
afterQ) {
afterClassQ {

printin("class 1: beforeClass"); }
printin(" class 1: before"); }
printin(" class 1: testl"); }
printin(" class 1: test2"); }
printin(" class 1: test3"); }
printin(" class 1: after"); }
printin("class 1: afterClass"); }

printin("class 2: beforeClass"); }
printin(" class 2: before"); }
printin(" class 2: testl"); }
printin(" class 2: test2"); }
printin(" class 2: test3"); }

printin(" class 2: after"); }
printin("class 2: afterClass"); }

Execution order shuffling



class 1: beforeClass class 1: beforeClass class 1: beforeClass

class 2: beforeClass class 2: beforeClass class 2: beforeClass
class 1: before class 1: before class 1: before
class 2: before class 2: before class 2: before
class 1: test3 class 2: test2 class 1: testl
class 2: after class 2: after class 2: after
class 1: after class 1: after class 1: after
class 1: before class 1: before class 1: before
class 2: before class 2: before class 2: before
class 2: testl class 1: test2 class 2: test3
class 2: after class 2: after class 2: after
class 1: after class 1: after class 1: after
class 1: before class 1: before class 1: before
class 2: before class 2: before class 2: before
class 2: test2 class 2: test3 class 2: test2
class 2: after class 2: after class 2: after
class 1: after class 1: after class 1: after
class 1: before class 1: before class 1: before
class 2: before class 2: before class 2: before
class 1: testl class 2: testl class 1: test3
class 2: after class 2: after class 2: after
class 1: after class 1: after class 1: after
class 1: before class 1: before class 1: before
class 2: before class 2: before class 2: before
class 2: test3 class 1: testl class 2: testl
class 2: after class 2: after class 2: after
class 1: after class 1: after class 1: after
class 1: before class 1: before class 1: before
class 2: before class 2: before class 2: before
class 1: test2 class 1: test3 class 1: test2
class 2: after class 2: after class 2: after
class 1: after class 1: after class 1: after
class 2: afterClass class 2: afterClass class 2: afterClass

class 1: afterClass class 1: afterClass class 1: afterClass



Jﬁ]cnm.carr!ntsearch.mr'|l:1l3mi::edtestir'|g.e;(am|:|Ies.TestCIassZ [Runner: JUnit 4
EtesQ_B {seed=[6G508CE14563TF4:6F5AC393F4DCZ01B]} (0.015 5)
gEjtestl 2 {seed=[6B508C8145637F4:21C04FFE26CCT1AA]} (0.008 5)
EtestZ_l {seed=[6&508C814563TF4:4F3143B3C6BCCC21]} (0.004 5)
gEltestl_1 {seed=[68508C8145637F4:CBD97BDTEE460TBF]} (0.003 5)
Etestz_z {seed=[6&508CE14563TF4:CFO918A9EFSA933F]} (0.005 5)
Etestl_B {seed=[6B508CE14563TF4:44418D9217A50763]} (0.004 5)

Jﬁ]cnm.car‘mtsearch.r‘ﬂr'||d|3mizedtestir'|g.e>(am|:|Ies_TestCIasﬂ [Runner: JUnit 4
fEltestl_2 {seed=[98233F305B18EE47:BF6678066982A819]} (0.013 5)
Etestl_l {seed=[98233F305B18EE47:56TFA4C2ZFC10&DEOC]} (0.007 s)
Etestl_B {seed=[98233F305B18EE47:DAETBAGBASEEBDEDO]} (0.005 )
Etestzj {seed=[98233F305B1BEE47:F1FCF46BBBI2FIAR]} (0.004 5)
Etesﬂ] {seed=[96233F305B18EE47:51AF2F51A0144ABC]} (0.003 5)
Etesﬂ_l {seed=[98233F305B1BEE47:D197744B89F21592]} (0.005 5)

?,1‘]cnm.car‘mtsearch_randnmizedtesting.examples.TestClasﬂ [Runner: JUnit 4
Etestzj {seed=[90E59ACD5471DAC4:F93A5196B4FBCD2B]} (0.012 5)
Etestl_B {seed=[90E59ACD5471DACA:D2211F975782EASS]} (0.008 5)
Etestl_Z {seed=[90E59ACD5471DACS:BTAODDFBEEEBICIA]} (0.005 5)
gEltest2_2 {seed=[90ES9ACDS547 1DACS:5969BAACAFTDTEOF]} (0.004 5)
gEltest2_1 {seed=[90E59ACD5471DAC4:D351D1BE869B2111]} (0.003 5)
Etestl_l {seed=[90E59ACD5471DAC4:5EBIESDZCEGLEAGF]} (0.006 s)



Touching Randomness

Randomized context.

RandomizedContext ctx =

RandomizedContext.current();
ctx.getTargetClass()
ctx.getRandom() // => no setSeed()!
ctx.getRandomness() .getSeed()
ctx.isNightlyQ



Touching Randomness

Randomized context.

Seed reporting.

RandomizedContext ctx =

RandomizedContext.current();
ctx.getTargetClass()
ctx.getRandom() // => no setSeed()!
ctx.getRandomness() .getSeed()
ctx.isNightlyQ

Assert.assertTrue(
RandomizedContext.current()
.getRandom() .nextBoolean());



com.carrotsearch.randomizedtesting.examples.TestSeedReporting [Runne

at _randomizedtesting.Seedinfo.seed([DO518CE661AS2AZA:9492A232EEC
= atcom.carrotsearch.randomizedtesting.examples.TestSeedReporting.comp




> jstack 6502

"TEST-TestScope-org.apache.lucene.util.junitcompat.TestHanging.myTest
-seed#[96F549A92265CBF8]" prio=5 tid=7fd6478b8800 nid=0x1169f1000
waiting on condition [1169ef000]
java.lang.Thread.State: TIMED_WAITING (sleeping)
at java.lang.Thread.sleep(Native Method)
at org.apache.lucene.util.junitcompat.TestHanging.myTest(TestHanging.java:26)



Shortcuts

extends RandomizedTest

Lots of static utility scaffolding.
Static, but not shared randomness!

& SgetRandom() : Random

& SrandomBoolean() : boolean
& SrandomByte() : byte

& frandomShort() : short

& SrandomintBetween(int, int) : int
& SrandomFrom(T[]) <T=: T
& Smndc:rTlFrc:r'ntList{Tzs] =T=:T

& SnewTempDir() : File
& SnEWTEmpFHEf] : File

& SrandomLocale() : Locale

& frandomTimeZone() : TimeZone

& SrandomAsciiString() : String
& Smndc:r'ﬂChE.\rStringiu:har. char, int) : String
& frandomUnicodeStringl) : String

& SrandomUnicodeString(int) : String

® SassumeTrue(boolean, String) : void
@ SassumeFalse(boolean, String) : void

@ Sassur‘nel\lc:Exceratit:niStl‘ing. Throwable) :



Shortcuts

extends RandomizedTest

Lots of static utility scaffolding.
Static, but not shared randomness!

pub11c c1ass TestSeedReporting?2
/* ==> */ extends RandomizedTest {
@Test
public void completeFailure() {
Assert.assertTrue(randomBoolean());

& SgetRandom() : Random

& SrandomBoolean() : boolean
& SrandomByte() : byte

& frandomShort() : short

& SrandomintBetween(int, int) : int
& SrandomFrom(T[]) <T=: T
& frandomFrom(List<T=) <T=: T

& SnewTempDir() : File
& SnEWTEmpFHEf] : File

& SrandomlLocale() : Locale

& frandomTimeZone() : TimeZone

& SrandomAsciiString() : String
& Srandc:r'ﬂChE.\rStringiu:har. char, int) : String
& frandomUnicodeStringl) : String

& SrandomUnicodeString(int) : String

® SassumeTrue(boolean, String) : void
@ SassumeFalse(boolean, String) : void

@ Sassur‘nel\lc:Exceptit:niStl‘ing. Throwable) :



Once you hita @Seed("deadbeef")

failllre @Repeat(iterations = 10, useConstantSeed = true)
ee @Test
public void completeFailure2() {
Assert.assertTrue(randomBoolean());



Once you hita
failure...

...or override
globally...

@Seed("deadbeef™)

@Repeat(iterations = 10, useConstantSeed = true)

@Test

public void completeFailure2() {
Assert.assertTrue(randomBoolean());

-Dtests.seed=0:deadbeef // seed format: master[:method]
-Dtests.iter=10
-Dtests.method=completeFailure2



Once you hita @Seed("deadbeef")

failllre @Repeat(iterations = 10, useConstantSeed = true)
b @Test
public void completeFailure2() {
Assert.assertTrue(randomBoolean());

...and see if your - HHcompleteFailure2 (0.038 s)
test is predictable glcompleteFailure? {#0 seed=[EGAFC4EFED09ABSA:DEADBEEFT}

glcompleteFailure2 {#1 seed=[E6AFC4EFED0IABSA:DEADBEEF]}
for that seed. gelcompleteFailure2 {#2 seed=[E6AFC4EFED0IASSA:DEADBEEF]}
gelcompleteFailure2 {#3 seed=[EGAFC4EFED09ABSA:DEADBEEF]}
gelcompleteFailure? {#4 seed=[E6AFC4EFED0IABSA:DEADBEEF]}
gelcompleteFailure2 {#5 seed=[E6AFC4EFED0IASSA:DEADBEEF]}
gelcompleteFailure2 {#6 seed=[EGAFC4EFED09ABSA:DEADBEEF]}
gelcompleteFailure2 {#7 seed=[E6AFC4EFED0IABSA:DEADBEEF]}
gelcompleteFailure2 {#8 seed=[E6AFC4EFED0IASSA:DEADBEEF]}
gelcompleteFailure2 {#9 seed=[EGAFC4EFED09ABSA:DEADBEEF]}



Once you hita @Seed("deadbeef")

failllre @Repeat(iterations = 10, useConstantSeed = false)
b @Test
public void completeFailure3() {
Assert.assertTrue(randomBoolean());

...and see if your fizjcompleteFailure3 (0.030 s)

. . I=lcompleteFailure3 {#0 seed=[13FBCAAEDBIOCE99: DEADBEEF]} (0.003 s)
testis predICtabIe i’]completeFailurﬁ {#1 seed=[13FECAAEOBI0CEY9:B456BCFCEAGFTSC3]}
for that seed. gE|completeFailure3 {#2 seed=[13FECAAEOBI0CESS:3ABF2A20BBAB3D0E]}

g|completeFailure3 {#3 seed=[13F8CAAEOBIOCESS:B5181C5D7556621]}

gE|completeFailure3 {#4 seed=[13FECAAEOBI0CESS:47900468765DAGIA]]
gelcompleteFailure3 {#5 seed=[13FSCAAEOBIOCE99:DE6ADT370BELIEBOA];
g |completeFailure3 {#6 seed=[13FECAAEOBI0CESS:E8B4B3B119D1FBAC]}
gilcompleteFailure3 {#7 seed=[13FSCAAE0BIO0CE99: 7407 29CB3AC56F32]}
g |completeFailure {#8 seed=[13FSCAAEOBIOCESS: 46 ABCCAS4DOET868]]
g |completeFailure3 {#9 seed=[13FECAAEOBI0CES3:91209A1F29594F3A]}



S|0W|y adding @Seeds ({

i @Seed("deadbeef"),
regresswn @Seed("cafebabe"),

@Seed("deadbaba"),
guards'" @Seed("baadfood"),
@Seed ()
b
@Test
public void completeFailured4() {
Assert.assertTrue(randomBoolean());

...(note the
random one)...



Slowly adding
regression
guards...

...(note the
random one)...

@Seeds ({
@Seed("deadbeef"),
@Seed("cafebabe"),
@Seed("deadbaba"),
@Seed("baadfood"),
@Seed ()

b

@Test

public void completeFailure4() {
Assert.assertTrue(randomBoolean());

EﬂcompleteFailured (0.018 5)
ﬂcompleteFailured {seed=[ESAB4ADEATCA4AD:DEADBEEF]} (0.004 s)
dz']completeFailurH {seed=[EBAB4ADEATCAAAD:AOFABAEBY2DBO4ED]}
E,E_']completeFailurﬂ {seed=[EBABAADEATCA4AD:CAFEBABE]} (0.003 s5)
gElcompleteFailured {seed=[ESABAADEATCA4AD:DEADBABA]} (0.003 s)
ﬂcompleteFailurH {seed=[ESABAADEATCAAAD:BAADFOOD]} (0.004 s)



@RR: Intermediate



@Nightly

Per test or
class.

@Test @Nightly

public void verySlowOne() {
// very slow test executed
// on a CI server.

}

- 'D:Jcom.carrotsearch.randomizedtesting.examples.TestNightly'=' nne
/zfuerySIowOne {seed=[TE3032FB001258375:514B133C1B61211D



@Nightly

Per test or @Test @Nightly

public void verySlowOne() {
CIaSS- // very slow test executed
// on a CI server.

}

- Eacom.carrotsearch.randomizedtesting.examples.TestNightly [Runne
[EverySlowOne {seed=[7E3032F800128375:514B133C1B61211D

Enabling
nightly tests

-Dtests.nightly=true

- Eacom.carrotsearch.randomizedtesting.examples.TestNightly [Runne

E‘E'—_;|very5low0ne {seed=[D5579D93ABA5C146:FAZCBC5TB3D6632E



@TestGroup

Meta groups.

@Target({ETementType.ANNOTATION_TYPE})
@Inherited
public @interface TestGroup {

/** Name of this test group... */

String name() default 0

/** Sysproperty to enable/ disable a group... *

String sysProperty() default "";

/** Default state... */
boolean enabled() default true;



@TestGroup

Meta groups.

@Target({ETementType.ANNOTATION_TYPE})
@Inherited
public @interface TestGroup {

/** Name of this test group... */

String name() default 0

/** Sysproperty to enable/ disable a group... *

String sysProperty() default "";

/** Default state... */
boolean enabled() default true;

@TestGroup(enabled = false)

public @interface Nightly {
/** Additional description, if needed. */
String value() default "";




@TestGroup

Meta groups.

@Target({ETementType.ANNOTATION_TYPE})
@Inherited
public @interface TestGroup {

/** Name of this test group... */

String name() default 0

/** Sysproperty to enable/ disable a group... *

String sysProperty() default "";

/** Default state... */
boolean enabled() default true;

@TestGroup(enabled = false)

public @interface Nightly {
/** Additional description, if needed. */
String value() default "";

@Test
@Nightly @LinuxOnly @RequiresDisplay
public void method() {

/] ...

}



@ParameterSFaCtory public class TestParameters extends RandomizedTest {

private String name;
private int age;

public TestParameters(
@Name("age") 1int age,
@Name("name") String name) {
this.name = name; this.age = age;

}
@Test
public void testPerson() {
assertTrue("Won't 1ike: " + name,
age >= 18 && age <= 21);
@ParametersFactory

public static Iterable<Object[]> parameters() {
return Arrays.asList($$(
$(18, "Dolly"™),
$(25, "Barbie")));



@ParameterSFaCtory public class TestParameters extends RandomizedTest {

For constructors. private String name;
private int age;

public TestParameters(
@Name("age") 1int age,
@Name("name") String name) {
this.name = name; this.age = age;

}
@Test
public void testPerson() {
assertTrue("Won't 1ike: " + name,
age >= 18 && age <= 21);
@ParametersFactory

public static Iterable<Object[]> parameters() {
return Arrays.asList($$(
$(18, "Dolly"™),
$(25, "Barbie")));

- Eatestperson (0.021 s)
éﬂteﬂPemon{age=18name=DoHy5eed=[BDBlSCBSBBF203F2
ﬂtestPerson {age=25 name=Barbie seed=[BDB15CB9B3F203F

Seed unused, but must
be there.



Threads and Timeouts

ThreadGroup per suite.



Threads and Timeouts

ThreadGroup per suite.

@ThreadLeaks™



Threads and Timeouts

ThreadGroup per suite.

@ThreadLeaks™

Global and method @Timeout.



Threads and Timeouts

ThreadGroup per suite.

@ThreadLeaks™
Global and method @Timeout.

Thread termination.



@Test @Timeout(millis = 1000)
public void interruptable() throws Exception {
Thread.s1eep(100000) ;

Oct 14, 2011 4:49:51 PM randomizedtesting.RandomizedRunner tryToTerminate

WARNING: Attempting to stop thread: Thread-4(#1387438808), currently at:
java.lang.Thread.sleep(Native Method)
randomizedtesting.examples.TestExample5.interruptable(TestExample5.java:12)
sun.reflect.NativeMethodAccessorImpl.invokeO(Native Method)
sun.reflect.NativeMethodAccessorImpl.invoke(NativeMethodAccessorImpl.java:39)
sun.reflect.DelegatingMethodAccessorImpl.invoke(DelegatingMethodAccessorImpl.java:25)
java.lang.reflect.Method.invoke(Method.java:597)
randomizedtesting.RandomizedRunner.invoke(RandomizedRunner.java:957)
randomizedtesting.RandomizedRunner.access$4(RandomizedRunner.java:943)
randomizedtesting.RandomizedRunner$4.evaluate(RandomizedRunner.java:729)
randomizedtesting.RandomizedRunner. runWithRules(RandomizedRunner.java:733)
randomizedtesting.RandomizedRunner.runSingleTest(RandomizedRunner.java:673)
randomizedtesting.RandomizedRunner.access$3(RandomizedRunner.java:654)
randomizedtesting.RandomizedRunner$3. run(RandomizedRunner.java:380)
java.lang.Thread.run(Thread. java:619)

Oct 14, 2011 4:49:51 PM randomizedtesting.RandomizedRunner tryToTerminate
WARNING: Interrupted a runaway thread: Thread-4(#1387438808)



@Test @Timeout(millis = 1000)
public void uninterruptable() throws Exception {
while (true) /* spin */;

Oct 14, 2011 5:13:58 PM randomizedtesting.RandomizedRunner tryToTerminate

WARNING: Attempting to stop thread: Thread-3(#1753620260), currently at:
randomizedtesting.examples.TestExample5.uninterruptable(TestExample5.java:18)
sun.reflect.NativeMethodAccessorImpl.invokeO(Native Method)
sun.reflect.NativeMethodAccessorImpl.invoke(NativeMethodAccessorImpl.java:39)
sun.reflect.DelegatingMethodAccessorImpl.invoke(DelegatingMethodAccessorImpl.java:25)
java.lang.reflect.Method.invoke(Method. java:597)
randomizedtesting.RandomizedRunner.invoke(RandomizedRunner.java:961)
randomizedtesting.RandomizedRunner.access$4(RandomizedRunner.java:947)
randomizedtesting.RandomizedRunner$4.evaluate(RandomizedRunner.java:733)
randomizedtesting.RandomizedRunner. runWithRules(RandomizedRunner.java:737)
randomizedtesting.RandomizedRunner. runSingleTest(RandomizedRunner.java:677)
randomizedtesting.RandomizedRunner.access$3(RandomizedRunner.java:658)
randomizedtesting.RandomizedRunner$3. run(RandomizedRunner.java:380)
java.lang.Thread.run(Thread. java:619)

Oct 14, 2011 5:14:09 PM randomizedtesting.RandomizedRunner tryToTerminate
WARNING: Does not respond to interrupt(), trying to stop(): Thread-3(#1753620260)
Oct 14, 2011 5:14:09 PM randomizedtesting.RandomizedRunner tryToTerminate
WARNING: Stopped a runaway thread: Thread-3(#1753620260)



@Test @Timeout(millis = 1000)
public void christopherLambert() throws Exception {
while (true) {
try { Thread.sleep(1000); } catch (Throwable t) {}

Oct 14, 2011 5:13:35 PM randomizedtesting.RandomizedRunner tryToTerminate

WARNING: Attempting to stop thread: Thread-2(#2018812712), currently at:
java.lang.Thread.sleep(Native Method)
randomizedtesting.examples.TestExample5.christopherLambert(TestExample5.java:25)
sun.reflect.NativeMethodAccessorImpl.invokeO(Native Method)
sun.reflect.NativeMethodAccessorImpl.invoke(NativeMethodAccessorImpl.java:39)
sun.reflect.DelegatingMethodAccessorImpl.invoke(DelegatingMethodAccessorImpl.java:25)
java.lang.reflect.Method.invoke(Method. java:597)
randomizedtesting.RandomizedRunner.invoke(RandomizedRunner.java:961)
randomizedtesting.RandomizedRunner.access$4(RandomizedRunner.java:947)
randomizedtesting.RandomizedRunner$4.evaluate(RandomizedRunner.java:733)
randomizedtesting.RandomizedRunner. runWithRules(RandomizedRunner.java:737)
randomizedtesting.RandomizedRunner.runSingleTest(RandomizedRunner.java:677)
randomizedtesting.RandomizedRunner.access$3(RandomizedRunner.java:658)
randomizedtesting.RandomizedRunners$3. run(RandomizedRunner.java:380)
java.lang.Thread.run(Thread.java:619)

Oct 14, 2011 5:13:46 PM randomizedtesting.RandomizedRunner tryToTerminate
WARNING: Does not respond to interrupt(), trying to stop(): Thread-2(#2018812712)
Oct 14, 2011 5:13:57 PM randomizedtesting.RandomizedRunner tryToTerminate

SEVERE: Could not interrupt or stop thread: Thread-2(#2018812712)



Runs: 4/4 B Errors: 5 H Failures: ©

YEﬂcom,carrntsearch_randomizedtesting,exampleskbarcelona.TestExampIeS [Runner: JUnit 4] (36.609 s)
ﬂinterrupt&hle [2DFCBB32185BBAFF:3DF29DFI7F4EL59] (1.041 5)
ﬂchrismpherl&mb&n [2DFCBB32185BBAFF: 7DDB831A79157970] (23.021 5)
ﬂleﬂOverSuhThread [2DFCBB321B5BBAFF:F7BG0OEEA3SBALBOE] (0.513 s)
ﬂuninterruptable [2DFCBB32 185BBAFF:92A70041551F4025] (12.032 5)

. L
Failure Trace =

[=
=

Jjava.lang.RuntimeException: Test case thread timed out (and NOT TERMINATED, left in state TIMED_WAITING): Thread|T
at java.lang.Thread.sleep(Native Method)
at com.carrotsearch.randomizedtesting.examples.barcelona.TestExample5.christopherLambert(TestExample5.java: 27}
at com.carrotsearch.randomizedtesting.RandomizedRunner.invoke(RandomizedRunner. java: 37 8)
at com.carrotsearch.randomizedtesting.RandomizedRunner.access$6(RandomizedRunner.java:964)

(RIRTINIII




@RR: Advanced



@ThreadLeaks

Background
threads from
nowhere.

@Test @Repeat(iterations = 10)
public void leakInExecutors() throws Exception {
ExecutorService exec =
Executors.newCachedThreadPool1() ;
for (int i = 0; i < 5; i++) {
exec.submit(new Runnable() {
public void run() {
sleep(100);

1;
}

// "Orderly" shutdown. Wait for executing tasks.
exec.shutdown();

exec.awaitTermination(5, TimeUnit.SECONDS);
assertTrue(exec.isShutdown());
assertTrue(exec.isTerminated());



Runs: 10/10 H Errors: 2 B Failures: 0

- E"Ecom.cam}fsear\:h.randomizedtesting.examples.TestThreadLeaks [Runner: JUnit 4] (1.28(
eaklnExecutors (1.280 s)

7E7F79C0262BBA19:2DEB34FB17D574EF]} (0.221 5)
UglleakinExecutors {#1 seed=[7ETF79C0262BBA19:99BD88072317BFC3]} (0.104 )
UElleakinExecutors {#2 seed=[7E7F79C0262B8A19:17541EDB72D3FT08]} (0.114 5)
UElleakinExecutors {#3 seed=[7E7F79C0262BBA19:26BABS3ELE2DAC21]} (0.109 5)
UElleakinExecutors {#4 seed=[7E7F79C0262BBA19:6ATB3093BF256C9A]} (0.106 )
gElleakinExecutors {#5 seed=[7E7F79C0262BBA19:FB1E3CCC299219A]} (0,193 5)
UElleakinExecutors {#6 seed=[7E7F79C0262BBA19:C55F874AD0A9319C]} (0.105 5)
gElleakinExecutors {#7 seed=[7E7F79C0262BBA19:59EC1D30F3BDAS32]} (0.106 5)
gElleakinExecutors {#8 seed=[7E7F79C0262BBA19:6B40FESEE476B268]} (0.107 )
gElleakinExecutors {#9 seed=[7E7F79C0262BBA19:BCCBAEE4E021853A]} (0.108 5)
T Y

= . —+L
= Failure Trace =

Jg com.carrotsearch.randomizedtesting. ThreadingError: Left-over thread detected (and tem
at__randomizedtesting.Seedinfo.seed([FTETFT9C0262BBA15: 2DEB34FB17D5T4EF]:0)
at sun.misc.Unsafe.unparkiNative Method)

at java.util.concurrent.locks.LockSupport.unparkilockSupport.java:124)

at java.util.concurrent.locks.AbstractQueuedSynchronizerunparkSuccessor{AbstractQueu
at java.util.concurrent.locks.AbstractQueuedSynchronizerrelease(AbstractQueuedSynchr
at java.util.concurrent.locks.ReentrantLock.unlockiReentrantLock java:431)

= atjava.util.concurrent.ThreadPoolExecutorworkerDone(ThreadPoolExecutorjava:1013)
at java.util.concurrent.ThreadPoolExecutor$Workerrun{ThreadPoolExecutorjava:912)

at java.lang.Thread.run{Thread.java:619)




@ThreadLeaks

Llngera blt @Test @Repeat(iterations = 10)

H 1 @ThreadLeak(Tinger = 1000)
(max tlme') public void leakInExecutors() throws Exception {



@ThreadLeaks and stop()



@ThreadLeaks and stop()

After a thread is stopped its resources should not be reused
(may be left in an inconsistent state!).

Applies to executors and thread pools in particular.



@Validators,

@RunWith(RandomizedRunner.class)

@TestMethodProviders({
LucenelUnit3MethodProvider.class,
JUnit4MethodProvider.class

i)

@validators({
RequireAssertions.class,
NoStaticHooksShadowing.class,
NoInstanceHooksOverrides.class

1)

@Listeners({
PrintReproduceInfolListener.class

D

@Listeners,...

@SeedDecorators({MixWithSuiteName.class}) // See LUCENE-3995 for rationale.

@ThreadLeaks(failTestIfLeaking = false)

public abstract class LuceneTestCase extends Assert {



...more at:
https://github.com/carrotsearch/randomizedtesting/issues/



<JUnit4>



Parallel <junit> for Ant

Ant task and Maven plugin
Forks multiple JVMs

Coordinated listeners



<taskdef resource="com/carrotsearch/junit4/antlib.xml">
<classpath>
<fileset dir="${common.dir}/test-framework/Tib">
<include name="junit4-ant-*.jar" />
<include name="junit-*.jar" />
</fileset>
</classpath>
</taskdef>



<taskdef resource="com/carrotsearch/junit4/antlib.xml">
<classpath>
<fileset dir="${common.dir}/test-framework/Tib">
<include name="junit4-ant-*.jar" />
<include name="junit-*.jar" />
</fileset>
</classpath>
</taskdef>

<junit4 parallelism="auto" seed="..." ...>

</junitd>

Attributes compatible with standard <junit>.
Close integration with RandomizedRunner.



[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]
[junit4]

[junit4]
[junit4]
[junit4]
[junit4]
[junit4]

<JUnit4> says hello! Master seed: 4AD7B1A85EF95F35
Expected execution time on JVM J0O: 8.81s

Expected execution time on JVM J1: 8.81s

Expected execution time on JVM J2: 8.81s

Executing 114 suites with 3 JVMs.

Suite: org.carrot2.util.attribute.constraint.IsDirectoryConstraintTest
Completed on J2 in 0.21s, 8 tests

Suite: org.carrot2.util.attribute.BindableDescriptorBuilderTest
Completed on J1 in 2.63s, 8 tests

Suite: org.carrot2.clustering.stc.STCClusteringAlgorithmTest
IGNOR/A 0.00s JO | STCClusteringAlgorithmTest.testStress

> Assumption #1: 'nightly' test group is disabled (@Nightly)
Completed on JO in 0.22s, 9 tests, 1 skipped

JVM J0: 1.15 .. 24.76 = 23.60s

JVM J1: 1.19 .. 23.45 = 22.26s

JVM J2: 1.30 .. 23.48 = 22.18s

Execution time total: 24 seconds

Tests summary: 114 suites, 1095 tests, 1 error, 116 ignored (111 assumptions)



1095 tests executed in 51405 ms on
carrot2.master: 1 test had errors 1 error, 116 ignored, 978 passed

package, class, method name (Alt+Shift+S to focus) show: pass ignored error fail view: packages classes
- - o methods console

Method T Resultd  JVM Start Time [ms]

org.carrot2.util.attribute.Attribute TransformerFrom StringTest.testFileResourceFile (=]
com.carrotsearch. randomizedtesting. ThreadingError: Left-over thread detected (and

terminated): Thread[Poller SunPKCS11-Darwin,1,] (stack trace is a snapshot locatien of .03:18.258 950
the thread at the moment of killing, see the system logger for probes and more —] 1 11:03:18.
information).

at __randomizedtesting.SeedInfo.seed([S5774BB6DCA249]:0)

org.carrot2.core. ControllerTest§CachingControllerCachingOnCachingTests testConcurr. .. 0 11:03:35.198 0
org.carrot2.core. ControllerTest$CachingPoolingCentrollerCachingOnCachingTests.test... 0 11:03:31.565 0
org.carrot2.dcs.DesAppTest.testDesConfigLocation 2 11:03:33.348 0
org.carrot2.util. CharArrayUtils Test.bufferTooSmall 0 11:03:13.190 1]
org.carrot2.util.CharArrayUtils Test.word TooShort 0 11:03:13.205 o

org.carrot2.clustering. kmeans. BisectingKMeansClusteringAlgorithmTest.testStress
com,.carrotsearch. randomizedtesting. InternalAssumptionViolatedException: 'nightly” test IGNORED 1 11:03:34.147 4
group is disabled (@Nightly)



9 tests executed in 1839 ms on 2 slaves.
1 error, & passed

carrot2. master. 1 test had errors

show: pass ignored error fail without output view: packages classes methods console

org.carrot2.util_attribute AttributeTransformerFromStringTest
testNonL oadableCl "2012-85-14 11:3:18,223 WARN org.carrot2.util.ReflectionUtils: Could not load class:
xorg.carrot2.util.attribute.AttributeTransformerfromstringTest
(xorg.carrot2. util.attribute.AttributeTransformerFromStringTest).
May 14, 2012 11:@3:19 AM com.carrotsearch.randomizedtesting.RandomizedRunner reportStackProbes
WARNING: 9 stack trace probe(s) taken and the constant root was:

java.lang.Thread.sleep(Native Method)
[-..s5un.*]
java.lang.Thread.run(Thread. java:658)

Diverging stack paths from individual probes (if different than the common root):
(all stacks canstant.)

May 14, 2012 11:03:19 AM com.carrotsearch.randomizedtesting.RandomizedRunner tryToTerminate
WARNING: Attempting to terminate thread: Poller SunPKCS11-Darwin(#1547@865998), currently at:
java.lang.Thread.sleep(liative Method)
[...5un.*]
java. lang.Thread.run(Thread. java:658)

May 14, 2012 11:83:19 AM com.carrotsearch.randomizedtesting.RandomizedRunner tryToTerminate
WARNING: Interrupted a runaway thread: Poller SunPKCS11-Darwin(#1547865998)

org.carrot2.des.DesAppTest

2612-85-14 1. 2,621 INFO dcs: Starting DCS...
2012-05-14 1 3,182 INFO dcs: DCS started on port: 57913
2@12-85-14 11:63:33,519 INFO dcs: DCS stopped.

org.carrot2.core.ControllerTest
T ] 2612-65-14 11:63:25,233 WARN org.carrot2.util.ReflectionUtils: Could not load class: nonexistent-
component (nonexistent-component).
26,693 INFO
org.carrot2. core.PoolingProcessingComponenttanager$hionPrimitiveInputAttributesCheck: An object of a

warningOnNonThrez




Lucene tests speedup.

> ant test-core -Dtests.seed=deadbeef -Dtests.jvms=1

[junit4] JVM J0: 0.43 .. 302.97 = 302.54s
[junit4] Execution time total: 5 minutes 3 seconds



Lucene tests speedup.

> ant test-core -Dtests.seed=deadbeef -Dtests.jvms=1

[junit4] JVM J0: 0.43 .. 302.97 = 302.54s
[junit4] Execution time total: 5 minutes 3 seconds

> ant test-core -Dtests.seed=deadbeef -Dtests.jvms=2

[junit4] JVM J0: 0.44 .. 169.60 = 169.17s
[junit4] IVM J1: 0.44 .. 169.44 = 169.00s
[junit4] Execution time total: 2 minutes 49 seconds



Lucene tests speedup.
> ant test-core -Dtests.seed=deadbeef -Dtests.jvms=1

[junit4] JVM J0: 0.43 .. 302.97 = 302.54s
[junit4] Execution time total: 5 minutes 3 seconds

> ant test-core -Dtests.seed=deadbeef -Dtests.jvms=2
[junit4] JVM 3J0: 0.44 .. 169.60 = 169.17s

[junit4] JVM J1: 0.44 .. 169.44 = 169.00s
[junit4] Execution time total: 2 minutes 49 seconds

> ant test-core -Dtests.seed=deadbeef -Dtests.jvms=3

[junit4] Execution time total: 2 minutes 13 seconds



Lucene tests speedup.

> ant test-core -Dtests.

[junit4] JVM JO: 0.43 ..
[junit4] Execution time

> ant test-core -Dtests.

tidnit4] JVM J0: 0.44 ..
[junit4] IVM J1: 0.44 ..
[junit4] Execution time

> ant test-core -Dtests

[junit4] Execution time

> ant test-core -Dtests

JVM J0: 0.70 .. 112.69
JvM J1: 0.69 .. 112.82
JwM J2: 0.70 .. 127.57
JwM J3: 0.69 .. 118.07
Execution time total: 2

seed=deadbeef -Dtests.jvms=1

302.97 = 302.54s
total: 5 minutes 3 seconds

seed=deadbeef -Dtests.jvms=2

169.60 = 169.17s
169.44 = 169.00s
total: 2 minutes 49 seconds

.seed=deadbeef -Dtests.jvms=3

total: 2 minutes 13 seconds

.seed=deadbeef -Dtests.jvms=4

111.99s
112.12s
126.87s
117.38s
minutes 7 seconds



Summary



Randomized Testing

Complex boundary conditions.

Input noise resilience.

Unexpected component-component interactions.
Unexpected environment interactions.

Tool support.



dawid.weiss@carrotsearch.com

Randomized testing package is @labs:
http://labs.carrotsearch.com/randomizedtesting.html


dawid.weiss@carrotsearch.com
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