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Talk outline

What is test randomization?
Randomized Testing.

Support tools.



Unit Testing




Unit Testing

Tests are good.
More tests — more reliable software.

Tests should cover boundary conditions.



But...

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

Increased CO, emission :)



Example.
Can this ever fail?

Happy coders
keep it green...
or something.

But once in 2%...

String [] words = {
"Barcelona", "beach", /*"sun",*/ "oracle" };
public void runMethod(Random r) {
for (int i = 0; i < 100; i++) {
int index =
Math.abs(r.nextInt()) % words.length;
System.out.println(words[index]);
}
}

@Test

public void testBarcelonaWords() {
runMethod(new Random());

}

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

- E?_Jcom.carrotsearch.randomizedtesting.exampIes.barcelona.TestExamplel [Ru

gEl
(<] I

-+
2

=l

= Failure Trace

Jg java.lang.ArraylndexOutOfBoundsException: -3

= atcom.carrotsearch.randomizedtesting.examples.barcelona TestExamplel.r.



The why?




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

Use pseudo-randomness
and publish the seed.

Crashes every time.

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

= Fallure Trace =

JE java.lang.ArraylndexOutOfBoundsException: -3

at com.carrotsearch.randomizedtesting.examples barcelona.TestExamplel.ru

Runs: 2/2 H Errors: 1 B Failures: 0

- Egcom.carmtsear\:h randomizedtesting.examples.barcelona.TestExamplel [Ru
Etastﬂar\:elona [27D73322C1B7C04:FDB2BCCDAFBCEF3D] (0.011 5)

MHtestBarcelona2 [27D73322C1B7C04:487A518] (0.006 5)

[ [2]

= Fail L
= Failure Trace 4F

JQ java.lang ArmaylndexOutOfBoundsException: -3
at _randomizedtesting.SeedInfo seed{[27D73322C1B7C04:487A51B]:0)

at com.carrotsearch.randomizedtesting.examples.barcelona.TestExamplel.ru

@Test
@Seed("487a51b") // get unlucky...
public void testBarcelona2() {
runMethod(
RandomizedContext.current()
.getRandom());



Boundary /** From: Lucene's _TestUtil.

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

nextInt(r, 0, Integer.MAX_VALUE)

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

- EEcom.cam)rsearth.randomizedtesting.examples.bartelona TestTestUtil [Runn

HtestNextint [LC19CFS7A3A4AB43:1C19CF57F5159C49] (0.001 5)

= Failure Trace i

(

JE java.lang.lllegalArgumentException: n must be positive
at_randomizedtesting.Seedinfo.seed([1C19CF57A3A4AB43:1C19CF57F5159

at java.util Random.nextint{Random.java:250)




Randomized Testing




Historical note

Lucene Test Framework.
Carrot Search.

Industry, academia?



Randomized Testing

(mini-manifesto)

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



What can be randomized?

1. Input data, iteration counts, arguments.

final int iters = atlLeast(200);
for (int iter = 0; iter < iters; iter++) {

//
}
if (random.nextBoolean()) {

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

// we want to mix in limited-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.
Sanity checks.

Nothing.



Tools




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);

LuceneTestcase. // @RunWith(LuceneTestCaseRunner.class}
public class MyRandomizedTest
extends LuceneTestCase



Writing randomized tests

Home-grown solutions. long seed = System.currentTimeMillis(Q);
System.out.printin(seed);
Random rnd = new Random(seed);
passToTests(rnd);

LuceneTestcase. // @RunWith(LuceneTestCaseRunner.class}
public class MyRandomizedTest
extends LuceneTestCase

RandomizedRunner. // @RunWith(RandomizedRunner.class}
public class MyRandomizedTest
extends RandomizedTest



-Dtests.seed=xxx:...
@Seed(class) e— assign master seed
mhash(timeMillis)

suite validation

-Dtests.seed=xxx:yyy . .
eSeed(method) test candidates (+iters)

. assign method seeds
derive(master, name) g

shuffle execution order

o O O O O

@BeforeClass | @Before @Test @After @AfterClass

RandomizedRunner's lifecycle



public class TestClassl extends RandomizedTest {

@BeforeClass private static void
@Before private void
@Test public void
@Test public void
@Test public void
@After private void

@AfterClass private static void

}

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

public class TestClass2 extends TestClassl {

@BeforeClass private static void
@Before private void
@Test public void
@Test public void
@Test public void
@After private void

@AfterClass private static void

beforeClass()
before()
test2_10
test2_20)
test2_30)
afterQ)
afterClass()

{

{
{
{
{
{
{

{
{
{
{
{
{
{

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



‘ﬁ!com.carmtsearch.mndnmizedte5tir'|g.examples.barcelona.TestEx

Etest:!_l [104FD4108435D007:59FB9F6B560DF2BD2] (0.004 s)
testl_l [104FD4108435D007:DEL3ATOF1EZ5E04C] (0.007 s)
Etestlj [104FD4108435D007:370A9326B6AF9659] (0.004 s)
Etest.’!} [104FD4108435D007:09C3C4T717F3974CC] (0.003 5)
test2_3 [104FD4108435D007:79901F4Be4BFCTES] (0.003 s5)
Etestlj [104FD4108435D007:528B514A8T7CREQS0] (0.005 5)

’fgr:om.carmtsearr:h.mndnmizeritestir'|g.examples.barcelona.TestEx

test2_2 [2Z4EBCABCCLTEO460:EDETDAEDIATZADAB] (0.005 5)
test2_l [2Z4EBCABCCL7EQ460:6D5F81FT1394FFB5] (0.007 s)
Etestl_B [24EBCABCCLTEO460:662F4FDAC2ED34FT] (0.004 5)
testl_l [24EBCABCC17E0460:EABTB9935B6E342B] (0.003 s)
Eltesﬂ_3 [24EBCABCCL7EQ460:4D3401D721F4138F] (0.003 s)
test1_2 [24EBCABCCL7EO460:3AEGDBAF3E4423E] (0.005 5)

'ﬁcDm_carmtsearch_mndnmizerJtEstir'|g_Examples.harcelnna_TestEx

testl_l [1EEFCOF36577AF15:D0B3BAECFFETIF5E] (0.005 s)
Etestl_B [1IEEFCOF3657TAF15:5C2B4CA966849F82] (0.008 s)
test2_2 [1IEEFCOF36577AF15:DT76309929ETBOBDE] (0.004 s)
Etestlj [1EEFCOF36577TAF15: 39AABECSSTEDES4B] (0.003 5)
Etest:!j [1IEEFCSF3657TAF15:773002A885FDBEFA] (0.004 s)
test2_l [1EEFCSF36577AF15:575B8288B790D54C0] (0.004 5}



Infrastructure.

Randomized context. RandomizedContext ctx =

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



& fgetRandom() : Random
& SrandomBooleani) : boolean

Infrastructure. - o

& SrandomShorti) : short

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

Randomized context. _
Thread-bound. Defined per lifecycle. @ :"'E""'TE'"“pD”“ : Fife
(suite-level, method-level). © "newTempRile() : file

& SrandomLocale() : Locale
Base Ra ndomlzedTeSt. & SrandomTimeZone() : TimeZone

Lots of static utility scaffolding.

. SrandomAsciiStri : String
Static, but not shared randomness! @ "randomAsciiString() : String

& srandc:mChE.\rStringichar. char, int) : String
& Srandrc:mUnicrc:deStringE] : String
& Srandrc:mUnicrc:deStringEint] : String

@ FassumeTrue(boolean, String) : void
@ SassumeFalse(boolean, String) : void

@ sassun'naNE:Exceratit:nljString. Throwable) :



Infrastructure.

Randomized context.

Base RandomizedTest.

Annotations. @Nightly @Test @Repeat(iterations = 5)

public void testNightly() {/* snooze */}

@Test @Repeat(iterations = 5)
public void testAlways() {
assertTrue(randomBoolean());



H - E’gcnm.carmrsear\:h.rannnmlzeutastlng.examples.bartelnna.TestExample4 [Runner: JUni
NOt.e Ignored ~ HijtestNightly (0.002 5)
@N Ightlyn EtestN\ghtly#U [27824B1491D58A68:44A0EBFEEEF1599F] (0.001 s)
EtestN\ghtly#l [27824B1491D58A68:FOF65702DA3392B3] (0.000 s}
EtestN\ghtly#Z [27824B1491D58A68: TELFCLDESBF7DATE] (0.000 5)
EtestN\ghtly#3 [27824B1491D58A68:4FFL6A3BE7098151] (0.000 5)
EtestN\ghtly#'—l [27824B1491D58A68:330EF96460141EA] (0.000 s)
~ EiltestAlways (0.023 5)

testAlways#0 [27824B1491D58A68: TFO3F9991B21D504] (0.010 5)

Etest)\lways#l [27824B1491D58A68:CB5545652FE31E28] (0.002 5)
Etest)\lways#Z [27824B1491D58A68:45BC03B97E2756E3] (0.005 5)
Etest)\lways#3 [27824B1491D58A68:7452785C12090DCA] (0.003 5)
Etest)\lways#'—l [27824B1491D58A68:3893FDF1LB3D1CD71](0.002 5)

a ________________________________________[ISS.D

= Failure Trace oF

JE java.lang.AssertionError

= at_ randomizedtesting.Seedinfo.seed([27824B1491D58A68: TF03F3991B21D5041:0)
at org.junit. Assertfail(Assertjava:92)

at org.junit. Assert.assertTrue(Assert.java:43)

at org.junit Assert.assertTrue(Assert.java:54)

at com.carrotsearch.randomizedtesting.examples.barcelona. TestExampled testAlways(



Note ignored
@Nightly.

Current scope's
seed is also
injected into stack
trace.

- Egccm.carmtsean:h randomizedtesting.examples.barcelona.TestExampled [Runner: |Uni

~ HijtestNightly (0.002 5)
ﬁtestN\ghtly#U [27824B1491D58A68:44A0EBFEEEF1599F] (0.001 s)
ﬁtestN\ghtly#l [27824B1491D58A68:FOF65702DA3392B3] (0.000 s}
ﬁtestN\ghtly#Z [27824B1491D58A68: TELFCLDESBF7DATE] (0.000 5)
ﬁtestN\ghtly#3 [27824B1491D58A68:4FFL6A3BE7098151] (0.000 5)
ﬁtestmghtly#tl [27824B1491D58A68:330EF96460141EA] (0.000 s)

~ EiltestAlways (0.023 5)

Etesb\\lways#l [27824B1491D58A68:CB5545652FE31E28] (0.002 5)
Etesb\\lways#Z [27824B1491D58A68:45BC03B97E2756E3] (0.005 5)
Etesb\\lways#3 [27824B1491D58A68:7452785C12090DCA] (0.003 5)
Etest}\lways#'—l [27824B1491D58A68:3893FDF1LB3D1CD71](0.002 5)

] T Y

= Failure Trace

JE java.lang.AssertionError

= at_randomizedtesting.Seedinfo.seed([27824B1491D58A68: 7F03F9991B21D5041:0)
= atorgjunitAssertfail{Assertjava:02)

= atorgjunitAssert.assertTrue(Assert.java:43)

= atorgjunitAssert.assertTrue(Assertjava:54)

= atcom.carrotsearch.randomizedtesting.examples.barcelona TestExampled testAlways(



Once you hita @seed("deadbeef")

failure @Test @Repeat(iterations = 10, useConstantSeed = true)
b public void testAlways() {
assertTrue(randomBoolean());
}

.e.Or overrlde -Dtests.seed=0:deadbeef // seed format: master[:method]

-Dtests.iter=10
gIOba"y"' -Dtests.method=testAlways



Once you hita
failure...

...or override
globally...

...and see if your
test is predictable
for that seed.

@Seed("deadbeef")

@Test @Repeat(iterations = 10, useConstantSeed = true)

public void testAlways() {
assertTrue(randomBoolean());

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

- HijtestAlways (0.150 s)
geltestAlways#0 [0:DEADBEEF] (0.028 s)
geltestAlways#1 [0:DEADBEEF] (0.003 s)
gEltestAlways#2 [0:DEADBEEF] (0.021 s)
geltestAlways#3 [0:DEADBEEF] (0.003 s)
geltestAlways#4 [0:DEADBEEF] (0.008 s)
gEltestAlways#5 [0:DEADBEEF] (0.011 s)
geltestAlways#6 [0:DEADBEEF] (0.013 s)
geltestAlways#7 [0:DEADBEEF] (0.003 s)
gEltestAlways#8 [0:DEADBEEF] (0.003 s)
geltestAlways#9 [0:DEADBEEF] (0.003 s)



Threads and Timeouts

ThreadGroup per suite.

Thread Leaks™
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 B Failures: 0

"EF_Jcom.caertsearch.randomizedtes-ting.examples.barceIona.TestExampIeS [Runner: JUnit 4] (36.609 5)
ﬂinterrupt&hle [2DFCBB32185BBAFF:3DF29DFI7F4EL59] (1.041 s)
ﬂchrismpherhmb&r‘t [2DFCBB32 185BBAFF:7DD883 1A79157970] (23.021 5)
ﬂleﬂOverSuhThread [2DFCBE32185EBAFF-F7BE0EEASDBALBOE] (0.513 5)
ﬂuninterruptable [2DFCBB32185BBAFF:99A70041551F4025] (12.032 )

) Y
Failure Trace o

[=
=

java.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:2 7)
at com.carrotsearch.randomizedtesting . RandomizedRunner.invoke(RandomizedRunner.java:978)
at com.carrotsearch.randomizedtesting . RandomizedRunner.access36(RandomizedRunner. java: 964)

L m.




Runtime Engineering




Advanced testing

1/0 or network.
Affecting "deep" code layers.
Simulating O/S quirks.

Triggering events only in complex interactions.



Aspect)



bytecode engineering = static weaving

runtime engineering = runtime weaving



Example 1: 1/O issues

Product code.

Test.

String readFile(File file, Charset charset) {
byte[] bytes = new byte[(int) file.length(Q];
DataInputStream is =

new DataInputStream(new FileInputStream(file));
try {

is.readFully(bytes);

} finally { is.close(); }

return new String(bytes, charset);

@Test @Repeat(iterations = 10)

public void testReadFile() throws IOException {
File tempFile = newTempFile(Q);
FileOutputStream fos = new FileQutputStream(tempFile);
String contents = randomUnicodeString(Q);
fos.write(contents.getBytes(UTF8));
fos.close();

String readBack = IOUtils.readFile(tempFile, UTF8);
Assert.assertEquals(contents, readBack);



I/o pOintCUtS. /** File opening pointcuts (simplistic). */
pointcut openFile():

What are we call(java.io.FileInputStream.new(..)) ||

interested in? call(java.io.RandomAccessFile.new(..));

/** Any reading from any stream. */
pointcut readStream():
call(* java.io.InputStream+.read*(..));



1/0 pointcuts.

What are we
interested in?

Test pointcuts.

We only affect
the main test thread.

/** File opening pointcuts (simplistic). */

pointcut openFile():
call(java.io.FileInputStream.new(..)) ||
call(java.io.RandomAccessFile.new(..));

/** Any reading from any stream. */
pointcut readStream():
call(* java.io.InputStream+.read*(..));

/** A1l test methods. */
pointcut testMethods(): execution(@Test * *());

/** Execution under a test method. */
pointcut testingThread(): cflowbelow(testMethods());



I/o pOintCUtS. /** File opening pointcuts (simplistic). */

pointcut openFile():
call(java.io.FileInputStream.new(..)) ||
call(java.io.RandomAccessFile.new(..));

/** Any reading from any stream. */
pointcut readStream():
call(* java.io.InputStream+.read*(..));

Test pointcuts. /%% A1 test methods. */

pointcut testMethods(): execution(@Test * *());

/** Execution under a test method. */
pointcut testingThread(): cflowbelow(testMethods());

Aspect' /** Simulate a random I/O slowdown. */

before() : readStream() && testingThread() {

RandomizedContext ctx = RandomizedContext.current();
Random r = ctx.getRandom();
// 25% I/0 errors rate.
if (r.nextInt(100) < 25) {

try {

Thread.sleep(randomIntBetween(r, 250, 1500));
} catch (InterruptedException e) {/* ignore */}



1/0 pointcuts.

What are we
interested in?

Test pointcuts.

We only affect
the main test thread.

ER T N [ SR R S Y

public static St
byte[] bytes =
DatalnputStrea
try {

¥
¥

is.readFully
finally {
is.close();

/** File opening pointcuts (simplistic). */

pointcut openFile():
call(java.io.FileInputStream.new(..)) ||
call(java.io.RandomAccessFile.new(..));

/** Any reading from any stream. */
pointcut readStream():
call(* java.io.InputStream+.read*(..));

/** A1l test methods. */
pointcut testMethods(): execution(@Test * *());

/** Execution under a test method. */
pointcut testingThread(): cflowbelow(testMethods());

/** Simulate a random I/0 slowdown. */
before() : readStream() && testingThread() {
RandomizedContext ctx = RandomizedContext.current();
Random r = ctx.getRandom(Q);
// 25% I/0 errors rate.
if (r.nextInt(100) < 25) {
try {
Thread.sleep(randomIntBetween(r, 250, 1500));
} catch (InterruptedException e) {/* ignore */}



I/o pOintCUtS. /** File opening pointcuts (simplistic). */

pointcut openFile():
call(java.io.FileInputStream.new(..)) ||
call(java.io.RandomAccessFile.new(..));

/** Any reading from any stream. */
pointcut readStream():
call(* java.io.InputStream+.read*(..));

Test pointcuts. /%% A1 test methods. */

pointcut testMethods(): execution(@Test * *());

/** Execution under a test method. */
pointcut testingThread(): cflowbelow(testMethods());

/** Simulate a rare I/O problem when opening files. */
AspeCt' Object around() : openFile() & testingThread() {
RandomizedContext ctx = RandomizedContext.current();
// 25% I/0 errors rate.
if (ctx.getRandom().nextInt(100) < 25) {
Rethrow.rethrow(new IOException(
"Simulated I/0 exception on file opening."));
}

return proceed();



I/o pOintCUtS. /** File opening pointcuts (simplistic). */

pointcut openFile():
What are we call(java.io.FileInputStream.new(..)) ||
interested in? call(java.io.RandomAccessFile.new(..));

/** Any reading from any stream. */
pointcut readStream():
call(* java.io.InputStream+.read*(..));

Test pointcuts. /%% A1 test methods. */

pointcut testMethods(): execution(@Test * *());
We only affect

. /** Execution under a test method. */
the main test thread. pointcut testingThread(): cflowbelow(testMethods());

3 public static ® /;‘;"“ S'imu'lated?)rare 1/0 _lpr(();)'lem when opeE'ingdS"I?s. */
Object aroun : openFile() && testingThrea
4 hy‘te[] by‘tes RandomizedContext ctx = RandomizedContext.current();
5 DatalnputStre // 25% I/0 errors rate.
6 try { if (ctx.getRandom().nextInt(100) < 25) {
. - Rethrow.rethrow(new IOException(
is.readFul "Simulated I/0 exception on file opening."));

} finally { 3

iS.ClOSE(:]_ . return proceed();
1

BT = I - R |



Fi-] com.carrotsearch.randomizedtesting.examples, TestlOUtils [Runner: JUnit 4]
Fit] testReadFile (1.857 5

p] testReadFile#0 [ACG33801FC4BA616:8D45ADCABAR3FBE4] (0.024 <)
¢ testReadFile#1 [AC633801FC4BA616:391311385E4130A8] (0.002 <)
g testReadFile#2 [ACG33801FC4BA616:B7FASTE40FE57863] (0.004 5)
¢ testReadFile#3 [ACG33801 FC4BA616:86142C01637B234A] (1501 <)
g testReadFile#4 [ACG33801FC4BA616: CADSASACC273E3F1] (0.002 <)
¢ testReadFile#5 [ACG33801FC4BA616:5B2FTAF3BFCFAEFL] (0313 <)
g testReadFile#6 [ACG33801FC4BA616:65F11E7SADFFBEFT] (0.005 <)
g testReadFile#7 [ACG33801FC4BA616:F942840F8EEB2A5D] (0.001 <)
¢ testReadFile#8 [ACG33801FC4BA616: CBEEG161FI203D03] (0.002 <)
g testReadFile#9 [ACG33801FC4BA616:1 C6537DBIDTT0AS1] (0.002 s)



Hi) com.carrotsearch.randomizedtesting.examples. TestiOUtils [Runner: JUnit 4]
Hi testReadFile (1.857 5)
5] testReadFile#0 [AC633801FCABS616:3D45ADCAG ABIFEB4] (0.024 <)
1] testReadFile#1 [AC632801FC4B3616:391211385E4130A8] (0.002 5)
17| testReadFile22 [AC633801FCAB3616:BTFASTE4OF857863] (0.004 <)
1 testReadFile#3 [AC633801FC4B3616:86142C01637B234A] (1501 5)
1] testReadFile®4 [AC633801FCABS616:CADSASACC2T3EIFL] (0,002 <)
ti] testReadFile#5 [AC633801FC4B8616:5B2F7AF3BFCFAEFL] (0.313 5)
] testReadFile#5 [AC633801FCABS616:65F 11 ETSADFFBEFT] (0.005 <)
1 testReadFile#7 [AC633801FC4B3616:FO42840F8EEB2AS] (0.001 5)
1] testReadFile#d [AC633801FCABS616:CBEEG161FI203D03] (0.002 <)
] testReadFile#9 [AC633801FC4BB616:1C6537DBADTT0A51] (0.002 5)

Fit] com.carrotsearch.randomizedtesting.examples, TestiOUtils [Runner: JUnit 4]
Hi testReadFile (1155 )

¢El testReadFile®0 [519A66201 CFD17BE:70BCFIESBA356A2C] (0.030 5)
E testReadFile¥1 [519A66201CFD17BE:CAEA4F19BEF7AL00] (0.005 5)
¢El testReadFiles2 [519A66201 CFD17BE:4AQ03DICSEF33E9CE] (0.004 )
E testReadFile#3 [519A66201 CFD17BE:7BED722083CDB2E2] (0.002 5]
E testReadFile4 [519A66201 CFD17BE:372CF78D22C57259] (0.002 <)
E testReadFile#5 [519A66201 CFD17BE:ABD624D25F793F59] (0.001 <)
E testReadFile#6 [519A66201 CFD17BE:980840544D492F5F] (1.099 <)

E testReadFile#7 [519A66201CFD17BE:4BBDA2EGESDEEFL] (0.004 <)

@ testReadFile8 [519A66201 CFD17BE:36173F401996ACAR] (0.004 <)
E testReadFile#9 [519A66201CFD17BE:EIOCEIFATDCIOBFI] (0.004 5)

Fi] com.carrotsearch.randomizedtesting.examples, TestiOUtils [Runner: JUnit 4]
Hi testReadFile (1.761 <)

#El testReadFile#0 [BOBBDEIFCA30BFBEOLAEBFASOFSF22C] (0.024 )
E testReadFile¥1 [BOSBDE3FCH308FBE:25F8F706643A3900] (0.002
¢kl testReadFile#2 [BOSBDEIFCA308FBE:ABL161 DAISFEFLCE] (0861 )
E testReadFile=2 [BOSEDE3FCH308FEE:9AFFCAIFIO002AE2] (0.004 5)
¢El testReadFile=4 [BOBBDE3FCA308FBE:DG3E4 FO2FA0BEAS] (0.004 =)
E testReadFile¥5 [BOSBDEIFCO308FEE:47 C49CCD85E4AT59] (0.004 5)
¢ testReadFile#6 [BOSBDE3FCH308FBE: 791 AFB4BOTR4BT5F] (0.011 <)
E testReadFile#7 [BOSEDEIFCH308FEE:ESADE231B490223F1] (0.004 )
E testReadFile#3 [BO38DE3FCA308FBE:D705875FC35B34AB] (0,841 <)
5] $actReadFilef0 [RNRRDEIECRANEZERE-ZENT ESATNCNAED] 0 05 <1




Example 2: resource release tracking

Resource pointcut newTempDir():

call(static File RandomizedTest.newTempDir());



Example 2: resource release tracking

Resource pointcut newTempDir():

call(static File RandomizedTest.newTempDir());

Step 1 /** Remember when a temporary folder is requested. */
File around() : newTempDir() && testingThread() {
File dir = proceed();
// TODO: Remember the current thread's stack
// and the fact it allocated dir
return dir;

Step 2 /** After a test method exits check assertions. */
after() : testMethods() {
// TODO: for the exiting thread, ensure all
// allocated dirs can be removed (are not locked).
// If they are Tocked, fail the test case and report
// the dir's allocation stack.



Runtime Engineering

Very powerful.
Flexible.
Requires some effort.

Not transparent.



Summary




Randomized Testing

Complex boundary conditions.

Input noise resilience.

Unexpected component-component interactions.
Unexpected environment interactions.

Tool support.



dawid.weiss@carrotsearch.com

Work-in-progress on LUCENE-3492 (+examples):
https://github.com/carrotsearch/randomizedtesting


dawid.weiss@carrotsearch.com
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