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Unit testing

« Each time you write a code module, you should
write test cases for it

* A possible exception: accessor methods (1.¢.,
getters and setters)

* Generally, accessor methods will be written
error-free
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Unit testing

e It focuses on faults within modules and code
that could easily be broken
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JUnit 5

e JUnit 5 = Platform + Jupiter + Vintage
Platform launches testing frameworks on the JVM

It also provides a Console Launcher to launch the platform
from the command line and a JUnit 4 based Runner for
running any TestEngine on the platform in a JUnit 4 based
environment

 Jupiter 1s new model for writing tests and extensions in JUnit 5
 Jupiter provides a TestEngine for running Jupiter based tests

* Vintage provides a TestEngine for running JUnit 3 and JUnit 4
based tests
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Annotations

e Test annotations characterize methods as test
methods

* Annotations are strongly typed, so the compiler
will flag any mistakes right away

* Test classes no longer need to extend anything
(such as TestCase for JUnit 3)

* We can pass additional parameters to
annotations

Freie Universitat Bozen



Runners

« We use JUnit runners to execute the test
methods

* The runners can be configured in Eclipse
 for whole project
 for a single class
o for a single method

Freie Universitat Bozen



Run a single test class or method

WO RAU G BE S e

o e T = o

(iR
i JON ]

Run Configurations

and run c

[& Package Explorer 52 |gu JUnit =
Create,
B ’

v BTTST_reguIar
> =i\ JRE System Library [JavaSE-12]

ations

Create a configuration that will launch a JUnit test.

W

\ = &+

v 82 1 Assert.class 13 = |m|

v (B src

Do EX B3

v Hi it.unibz

Name: | TTST-demo (1)

BuggyDates.java
DataStructureClass.java
» [J) Dates.java
> mDatesBuggy.java
» [J) module-info.java
v g‘y‘JTTST»demo
¥ (* src/main/java
v Hi it.unibz
App.java
Fibonacci.java
FooClass.java
LoopClassExample.java
(#8 src/main/resources
v (B src/testfjava
v i itunibz
> mAppUnitTest.java I
BeforeAfterUnitTest.java
FibonacciUnitTest.java

[ type filter text 0]

A Gradle Project
Java Applet
[7] Java Application
v JuJunit
Ju BeforeAfterUnitTest
Ju FirstExampleUnitTest
JuTTST-demo (1)
Ju VariousLittleExamplesUnitT
7 Launch Group
'V m2 Maven Build
m2 New_configuration
m2 TTST-demo
Juy Task Context Test

nfinityUnitTest.java
ParametrizedTestExampleUnitTest.j

RepeatRule.java
RuleExampleUnitTest.java
RulesUnitTest.java
VariousLittleExamplesUnitTest.java
(28 src/test/resources

Filter matched 13 of 19 items

(x)= Argumentsw B\ JREW 5@ Dependencies] Ey Sourcew ﬁ Environmenq D Common}

© Run a single test

) Run all tests in the selected project, package or source folder:

Include and exclude tags: Configure...

Test runner: JUnit 5

(o]

[ Keep JUnit running after a test run when debugging

Project: ‘ TTST-demo Browse...
Test class: ‘ it.unibz.AppUnitTest Search...
Test method: ‘ sampleTest Search...

Show Command Line Revert

% BHeEE #e-n-=0

» =\ JRE System Library [JavaSE-1.7]
> =\ Maven Dependencies
> f=src
» (= target
] pom.xmi

@

ulnva
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JUnit5

e https://junit.org/junitS/docs/current/user-guide/
#writing-tests-annotations

e all core annotations are located 1n the
org.junit.jupiter.api

Freie Universitat Bozen


https://junit.org/junit5/docs/current/user-guide/#writing-tests-annotations
https://junit.org/junit5/docs/current/user-guide/#writing-tests-annotations
https://junit.org/junit5/docs/current/api/org/junit/jupiter/api/package-summary.html
https://junit.org/junit5/docs/current/user-guide/#writing-tests-annotations
https://junit.org/junit5/docs/current/user-guide/#writing-tests-annotations
https://junit.org/junit5/docs/current/api/org/junit/jupiter/api/package-summary.html

Maven

* We use 1t to build and test java projects
* In particular, 1t provides

* Dependency list

* Unit test reports including coverage

 Maven has a central repository for jar and
dependencies

* https://maven.apache.org/repository/

Freie Universitat Bozen
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The POM

* Project's configuration file in Maven
« XML structure

* It contains the majority of information required
to build and test a project

* It contains info on dependencies

Freie Universitat Bozen
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[et’s

have a look at it

@ Eclipse File Edit Source Navigate Search Project Run Window Help ® 3 DO = o) 66% @) Mon8:38AM L
"eo @ | workspace - TTST-demo/pom.xml - Eclipse IDE
i B2 N HO0QRQQU #G BB PGy = (&% @
[ Pack X Fhount = B AppTest.java [3) InfinityUnitTes VariousLittleEx AJ) ExampleAnnotati AJ) RuleExampleUnit [w] TTST-demo/pom.x 82 = 13 TR =8 mat
| - 1 <?xml version="1.0" encoding="UTF-8"7> g v e
¥ S TTST_regular 2o<project xmlns="http://maven.apache.org/POM/4.0.0" 22 xml
> &\ JRE System Library [Javac 3 xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" v <> project xmin | Blank
v @ src 4 xsi:schemalLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven- <> modelVer
v i it.unibz 5 <modelVersion>4.0.0</modelVersion> <> groupid i Change M
» ] BuggyDates.java 6 <> artifactld |
. . < i
! oweea "7 <groupld-it.unibz</groupld- 5
> & DatesBuggy java 8 <artifactId>TTST-demo</artifactId> I desen
» [3) module-info.java 9 <version>0.0.1-SNAPSHOT</version> » [ depen
v 4 TTST-demo 10 > (7 depen
v (# src/main/java 11e <dependencies> > () depen
v Hiit.unibz 12 <dhpendency> i https:y |
> [} Appjava 13 <groupId>junit</groupId> > O depen
> J] Fibonaceijava 14 <artifactId>junit</artifactId> > E propertie
> MFooClassjava | 15 <version>4.12</version> Paiibuild
» [J] LoopClassExample.j > ¥ profiles |
(* src/main/resources 16 <sc0pe>test</scope>
P /8 src/test/java 17 </dependency>
(8 src/test/resources 18
> =\ JRE System Library [JavaS 19 <dependency> E
> &\ Maven Dependencies 20 <groupId>org.junit.jupiter</groupId> Aaster Slide
> = sre 21 <artifactId>junit-jupiter-engine</artifactId>
> (Starget 22 <version>5.5.1</version>
il ipom.smi 23 <scope>test</scope>
24 </dependency>
25
26¢© <dependency>
27 <groupId>org.junit.jupiter</groupId>
Overview ‘ Dependencies \ Dependency Hierarchy | Effective POM
| Problems @ Javadoc |G\ Declaration [ Console 52 | Coverage b 4 & =% Eﬁ B E @ = v Fﬁ' = 8
<terminated> TTST-demo [Maven Build] /Library/Java/JavaVirtualMachines/jdk-12.0.1.jdk/Contents/Home/bin/java (Oct 14, 2019, 8:35:57 AM)
[INFO] Scanning for projects...
[INFO]
[INFOI] it.unibz:TTST-demo
[INFO] Building TTST-demo 0.0.1-SNAPSHOT
[INFO] [ jar 1]
[INFO]
[INFO] ——— maven-clean-plugin:2.5:clean (default-clean) @ TTST-demo ———
[INFO1 Deletina /Users/barbaramini/unibz/Droobox/Courses2019 2020/worksnace/TTST-demo/taraet
[e] project/dependencies/dependency ‘ Writable ‘ Smart Insert ‘ 172 8 19 F@




First example: use @Test

public class Calculator {
public int evaluate(String expression) {
int sum = 0;
for (String summand: expression.split("\\+"))
sum += Integer.valueOf(summand);

return sum;

- Freie Universitat Bozen
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Example

import static org.junit.Assert.assertEquals;

import org.junit.Test;

@Test
public void evaluatesExpression() {
Calculator calculator = new Calculator();
int sum = calculator.evaluate("1+2+3");

assertEquals(6, sum);
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Assertions

jmild WO R WGBS AR CR LAY B &%
[# Package Explorer §¢ i JUnit A= YOSEETITI R Jnit TTST- App.java J] AppUnitTest.jav T Assert.class 52 16 = ||
v © Assert 413 */
@ assertArrayEquals(boolean(], boolean(]) : void 4145 public static void assertArrayEquals(String message, int[] expecteds,
::5559":”“3’2““515{*’?93'°x‘egz:"°‘z 415 int[] actuals) throws ArrayComparisonFailure {
assertArrayEquals(char[], charf]) : voi: . .
& assertArrayEquals(double(], doublel), double) - oid ﬁg N internalArrayEquals(message, expecteds, actuals);
&' assertArrayEquals(float[], float[], float) : void
@ assertArrayEquals(int[], int[]) : void ﬁg /
& assertArrayEquals(Obiject[], Object[]) : void © *%
& assertArrayEquals(String, boolean(], boolean(]) : void 420 *x Asserts that two int arrays are equal. If they are not, an
& assertArrayEquals(String, byte[], byte[]) : void 421 * {@link AssertionError} is thrown.
@ assertArrayEquals(String, charl], char(]) : void 422 *
etsassenArrayEqua\s(String,dnuble[],dnuble[],dnuble):void 423 * @param expecteds int array with expected values.
@' assertArrayEquals(String, float], float], float) : void 424 * @param actuals int array with actual values
& assertArrayEquals(String, int[l, int[l) : void 425 %
& assertArrayEquals(String, Object(], Object[]) : void . . . . .
& assertArrayEquals(String. longll, longl) : void 4262 public static void assertArrayEquals(int[] expecteds, int[] actuals) {
& assertArrayEquals(String, short(], short[]) : void 427 assertArrayEquals(null, expecteds, actuals);
& assertArrayEquals(longl, long[l) : void 428 }
&' assertArrayEquals(short(], short[]) : void 429
& assertEquals(double, double) : void 4309 /¥%
ﬁsasseﬂEﬂuﬂls(doub'erdoublerdwb_'el-vc?d 431 * Asserts that two long arrays are equal. If they are not, an
‘Sasse"E“u"s““’?‘v”"a"_""a”“’““‘ 432 * {@link AssertionError} is thrown with the given message.
& assertEquals(Object, Object) : void 433 *
6’ assertEquals(Object[], Object(]) : void . i . .
& assertEquals(String, double, double) : void 434 * @param message the identifying message for the {@link AssertionError
& assertEquals(String, double, double, double) : void 435 * okay) .
& assertEquals(String, floa, float, float) : void 436 * @param expecteds long array with expected values.
@ assertEquals(String, Object, Object) : void 437 * @param actuals long array with actual values
@ assertEquals(String, Object[], Object[]) : void 438 */
& assertEquals(String, long, long) : void 439¢ public static void assertArrayEquals(String message, long[] expecteds,
& assertEquals(long, long) : void 440 long[] actuals) throws ArrayComparisonFailure {
& assertralse(boolean) : void o 441 internalArrayEquals(message, expecteds, actuals);
& assertFalse(String, boolean) : void 442 3
& assertNotEquals(double, double, double) : void 443
&' assertNotEquals(float, float, float) : void
& assertNotEquals(Object, Object) : void 4445 /*x%
& assertNotEquals(String, double, double, double) : void 445 * Asserts that two long arrays are equal. If they are not, an
& assertNotEquals(String, float, float, float) : void 446 * {@link AssertionError} is thrown.
@ assertNotEquals(String, Object, Object) : void 447 *
 assertNotEquals(String, long, long) : void 448 * @param expecteds long array with expected values.
@ assertNotEquals(long, long) : void 449 * @param actuals long array with actual values

@ assertNotNull(Object) : void
@ assertNotNull(String, Object) : void
o assertNotSame(Object, Object) : void 12 Problems @ Javadoc [G), Declaration [ Console 5% |z Coverage B.-5N8= 8

tNotSame(String, Object, Object) : void
& assertNotSame(Sting, Object, Object) : voi No consoles to display at this time.

& assertNull(Object) : void
& assertNull(String, Obiect) : void

&l
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(@Test

e It tags public method that returns void to run
as a test method

e JUnit first constructs a new instance of the class
then invokes the annotated method

* Any expected exceptions thrown by the test will be
reported as a failure

* Any bug 1s reported as error
* If no exceptions/bugs are thrown, the test succeeds

Freie Universitat Bozen
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Run with JUnit configuration

@ Eclipse File Edit Source Refactor Navigate Search Project Run Window Help B 3 O = o) 4% @)
[ NON J | workspace - TTST-demo/src/test/java/it/unibz/AppUnitTest.java - Eclipse IDE
- N0 RQ FE ®S T P WE T OO
# Package Explorer gu JUnit 5% & ¢ a4 X: Q fZlv ¥ = B ) RuleExampleUnit [m] TTST-demo/pom.x App.java [J) AppuUnitTestjav 82 | 16 ==
Finished after 0.462 seconds 1 package it. unibz;
Runs: 36/36 B Errors: 1 B Failures: 3 2 B . . i X X X i
EEsTsETEETTTTTEEEEEEE 0 0 079 Junitjuplter.apl.Assertions ;-
6
v &AppUnitTest [Runner: JUnit 5] (0.001 s) 7 class AppUnitTest {
g test() (0.001 s) 8
» [i] VariousLittleExamplesUnitTest [Runner: JUnit 5] (0.081 s) 9e @Test
» EECaIculatorMixedUnitTest [Runner: JUnit 5] (0.006 s) 10 VOid test ( ) {
:%ParametrizedTe-stExampIeUnitTest FRunner: JUnit 5] (0.009 s) 11 //I want the test to fail. Look at the JUnit repo rt
LE; RuI?ExarppIeUnltTest [Ru.nner. JUnit 5] (0.0?6 s) 12 fail ("NOt yet implemented") ;
> E’EVarlousthtleExamplesUnltTest [Runner: JUnit 5] (0.002 s) 13 }
> EEFibonacciUnitTest [Runner: JUnit 5] (0.006 s)
¥ ikl InfinityUnitTest [Runner: JUnit 5] (0.105 s) 14
Elinfinity (0.105 s) 15 }
» [l RulesUnitTest [Runner: JUnit 5] (0.020 s) 16

v E’EExampleAnnotaticnsUnitTest [Runner: JUnit 5] (0.005 s)
testSize (0.001 s)
ﬂthrowsException (0.001s)
EoutOfBounds (0.000 s)
;E|shouIdTestExceptionMessage (0.001 s)
EtestRemove (0.001 s)

Failure Trace @ _'fﬁ
org.opentest4j.AssertionFailedError: Not yet implemented

at it.unibz.AppUnitTest.test(AppUnitTest.java: 12)

at java.base/java.util.ArrayList.forEach(ArrayList.java: 1540)

at java.base/java.util.ArrayList.forEach(ArrayList.java:1540)

mmm.s m
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Optional parameters of (@ Test

e expected and timeout

o expected: checks a test method throws the expected
exception

e The test returns an error 1f
» If 1t does not throw an exception
o If 1t throws a different exception than the one declared

 If there i1s no expected exception parameter and an
exception 1s thrown

18



Example: test succeeds

@Test(expected=IndexOutOfBoundsException.class)
public void outOfBounds() {
new ArraylList<Object>().get(0);

19
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2 & BE @ B v
Finished after 0.022 seconds

Runs: 2/2 B Errors: O B Failures: 0

» £l com.codebind.Calculator [Runner: JUnit 4] (0.000 :

= . -
= Failure Trace _,]IE

Freie Universitat Bozen
uni bz Libera Universita di Bolzano
Universita Liedia de Bulsan

1 package com.codebind;

2cimport static org.junit.Assert.assertEquals;
3

4 import java.util.ArraylList;

5

6 dimport org.junit.Test;

7

8 public class Calculator {

9e public int evaluate(String expression) {
10 int sum = 0;
11 for (String summand: expression.split("\\+"))
12 sum += Integer.valueOf(summand);
13 return sum;
14 }
15e @Test
16 public void evaluatesExpression() {
17 Calculator calculator = new Calculator();
18 int sum = calculator.evaluate("1+2+3");
19 assertEquals(6, sum);
20
21e @Test(expected=IndexOut0fBoundsException.class)
22 //@Test
23 public void outOfBounds() {
24 new ArrayList<Object>().get(0);
25 }
26 }
27
B console $2 5! Problems [J] Debug Shell b3 pERSE = B8-0% =

<terminated> Calculator [JUnit] /Library/Java/JavaVirtualMachines/jdk-12.0.1.jdk/Contents/Home/bin/java (Oct 8, 2019, 6:49:20 PM)

20



$ o a®blpE QB 0 EHY ¥

Finished after 0.043 seconds

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

v E‘Ecom.codebind.Calculator [Runner: JUnit 4] (0.000 :
¢=] outofBounds (0.000 s)
evaIuatesExpressicn (0.000 s)

. -,
Failure Trace _,J,=‘

java.lang.IndexOutOfBoundsException: Index O out of |
at java.base/jdk.internal.util.Preconditions.outOfBount
at java.base/jdk.internal.util.Preconditions.outOfBount
at java.base/jdk.internal.util.Preconditions.checkindex
at java.base/java.util.Objects.checkindex(Objects.java
at java.base/java.util.ArrayList.get(ArrayList.java:458)
at com.codebind.Calculator.outOfBounds(Calculator.j:

010020010 eS| m

- Freie Universitat Bozen
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1 package com.codebind;

2¢import static org.junit.Assert.assertEquals;
3

4 import java.util.ArraylList;

5

6 import org.junit.Test;

7

8 public class Calculator {

9e public int evaluate(String expression) {
10 int sum = 0;
11 for (String summand: expression.split("\\+"))
12 sum += Integer.valueOf(summand);
13 return sum;
14 }
15e @Test
16 public void evaluatesExpression() {
17 Calculator calculator = new Calculator();
18 int sum = calculator.evaluate("1+2+3");
19 assertEquals(6, sum);
20 }
21 //@Test (expected=Index0ut0fBoundsException.class)
229 @Test
23 public void outOfBounds() {
24 new ArraylList<Object>().get[(0);
25 }
26 }
27
& Console % Problems Debug Shell % % BEE&EE #8-59-= 8

<terminated> Calculator [JUnit] /Library/Java/JavaVirtualMachines/jdk-12.0.1.jdk/Contents/Home/bin/java (Oct 8, 2019, 6:48:04 PM)
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4 WA O RQU HE @SS P RET o @)%
e [

Package Explorer gu JUnit 33 ¢ 8?4l Q e i BeforeAfterUnit 1J] FirstExampleUni $ AppUnitTest.jav b Assert.class 17
©

Finished after 0.039 seconds o .
) 7 import org.hamcrest.CoreMatchers;
Runs: 5/5 B Errors: 1 B Failures: 1 . . .
8 import org.junit.Rule;
EmmmmaaaaaEaaaSEgggggggTYTgTITTITITITITge, imporrt orgL junitL Test;

10 import org.junit.rules.ExpectedException;

v Eﬂit.unibz.FirstExampIeUnitTest [Runner: JUnit 4] (0.000 s)

¢/ outofBounds1 (0.000 s) 11 . . .
£ throwsException (0.000 s) 12 public class FirstExampleUnitTest {
£l outofBounds (0.000 s) 13 ArrayList<Integer> mylList;
evaluatesExpression (0.000 s) 14
gzl shouldTestExceptionMessage (0.000 s) 15€ public int evaluate(String expression) {
16 int sum = 0;
17 for (String summand: expression.split("\\+"))
18 sum += Integer.valueOf(summand);
19 return sum;
20 }
21e @Test
22 public void evaluatesExpression() {
23 FirstExampleUnitTest calculator = new FirstExampleUnitTe
24 int sum = calculator.evaluate("1+2+3");
25 assertEquals(6, sum);
26 }
27¢ @Test(expected=IndexOut0fBoundsException.class)
28 //@Test
29 public void outOfBounds() {
= Failure Trace ey 30 new ArraylList<Integer>().get(0);
-’g java.lang.Exception: Unexpected exception, expected<java.lang.ArithmeticException> but was<java.lang.IndexOutOfBoundsException> 31 }
Caused by: java.lang.IndexOutOfBoundsException: Index O out of bounds for length O 32
E at java.base/jdk.internal.util.Preconditions.outOfBounds(Preconditions.java:64) 33 //Chec k whether the except ion is the one expected
E at j.ava.base/{dk.!nternaI.ut!I.Precond!t{ons.ouQOfBoundsCheckIr?qex(P.recondltlons.Java:70) 34 //I@Test(expected=Index0ut0fBoundsExcept ion. class)
= at java.base/jdk.internal.util.Preconditions.checkindex(Preconditions.java:248) . . .
= at java.base/java.util.Objects.checkindex(Objects.java:372) 35€ @TES“I.I ( expt::cted:Arlthmet 1c EXCEpthﬂ -class )
= at java.base/java.util. ArrayList.get(ArrayList.java:458) 36 pUbllc void outOfBoundsl( ) {
= at it.unibz.FirstExampleUnitTest.outOfBounds1 (FirstExampleUnitTest.java:37) 37 new Ar rayLiSt<0bj eCt>( ) . get ( 0) ’
... 17 more 38 myList.get(1);
39 }
40
41e @Rule
42 public ExpectedException thrown = ExpectedException.none();
AR .
Problems @ Javadoc Declaration Console 8% |&a Coverage e =]

X% BREE - -

<terminated> FirstExampleUnitTest [JUnit] /Library/Java/JavaVirtualMachines/jdk-12.0.1.jdk/Contents/Home/bin/java (Oct 14, 201¢

Writable ‘ Smart Insert | 34:7
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Optional parameters of (@ Test

e timeout causes a test to fail 1f 1t takes longer
than a specified amount of clock time
(measured in milliseconds)

e The test execution returns a time-out error

@Test(timeout=100)

public void infinity() {
while(true);

Freie Universitat Bozen
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Test Fixtures

« A test fixture 1s a fixed state of a set of objects used as a
baseline for running tests

 JUnit provides annotations so that test classes can have
fixture run before or after tests

Freie Universitat Bozen
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Test Fixtures

e When a test class contains multiple methods to test,
you can define two void methods that initialize and
release respectively the common objects used 1n all

tests

e You can call them setup() and tearDown()

e Use the tag @BeforeAll and @AfterAll to 1dentify

them

Freie Universitat Bozen
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Example

ArrayList<Integer> myList;

@BeforeAll
public void initialize() {

myList= new ArrayList<Integer>();
}

@Test
public void testSize() {
System.out.println(myList+" uses sizelList");
s

- Freie Universitat Bozen
uni bz Libera Universita di Bolzano
— Universita Liedia de Bulsan
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Example

public class Example {
List mylList;
@BeforeAll
public void setUp() {
myList= new ArraylList();
¥
@Test
public void testSize() {
System.out.println{mylList + “it uses sizelist”};
¥
@Test
public void testRemove() {
System.out.println{“it uses removelList”};

}

= FreieUn
unibz Lb 2 Uni

sitdt Boz,
tdBl
— Uni tdeBl

25



(@SuiteClasses

* The @SuiteClasses annotation specifies the

classes to be executed when a class annotated
with @RunWith(Suite.class) 1s run

Freie Universitat Bozen
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Imports

import org.junit.runner.RunWith;
import org.junit.runners.Suite;
import org.junit.runners.Suite.SuiteClasses;

@RunWith(Suite.class)
@SuiteClasses(ATest.class, BTest.class, CTest.class)

public class ABCSuite {
3

- Freie Universitat Bozen
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Parametrised tests

Barbara Russo

SwSE - Software and Systems Engineering research group

-_ Freie Universitat Bozen
uni bz Libera Universita
— Universita Liedia ulsan
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Separation of concerns

* A parameterised unit test 1s simply a test
method that fakes parameters, calls the code
under test, and states assertions

Freie Universitat Bozen
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Parameterized.class runner

e The custom runner Parameterized implements
parameterised tests

* Instances are created for the cross-product of
the test methods and the test data elements

 Tests are run 1n parallel!

Freie Universitat Bozen
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Examples

import static org.junit.Assert.assertEquals;
import java.util.Arrays;

import java.util.Collection;

import org.junit.Test;

import org.junit.runner.RunWith;

import org.junit.runners.Parameterized;

import org.junit.runners.Parameterized.Parameters;

-_ Freie Universitat Bozen
uni bz Libera Universita di Bolzano
— Universita Liedia de Bulsan

JUnit 4
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@RunWith(Parameterized.class)
public class FibonacciTest {
@Parameters
public static Collection<Object[]> data() {

return Arrays.asList(new Object[][] {{ @, @ }, {1, 1}, {2,121}, {3,213}, {4, 31,

{5,}5 Y, {6,831 1)

private int fInput;

private int fExpected;

public FibonacciTest(int input, int expected) {
fInput= input;
fExpected= expected;

}

@Test

public void test() {

N\

Representative values that may
have found with test strategies
(e.g., category partition)

assertEquals(fExpected, Fibonacci.compute(fInput));

}
}

public class Fibonacci {
public static int compute(int n) {
int result = 0;

if (n <=1) {
result = n;
} else {

result = compute(n - 1) + compute(n - 2);

}

return result;

Freie Universitat Bozen
uni bz Libera Universita di Bolzano
— Universita Liedia de Bulsan
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|{@RunWith(Parameterized.class)

public class FibonacciTest {
@Parameters
public static Collection<Object[]> data() {

return Arrays.asList(new Object[][] {{ @, @ }, {1, 1}, {2,121}, {3,213}, {4, 31,

{5,}5 }, {6, 8%} });

private int fInput;

private int fExpected;

public FibonacciTest(int input, int expected) {
fInput= input;
fExpected= expected;

}

@Test

public void test() {

N\

Representative values that may
have found with test strategies
(e.g., category partition)

assertEquals(fExpected, Fibonacci.compute(fInput));

}
}

public class Fibonacci {
public static int compute(int n) {
int result = 0;

if (n <=1) {
result = n;
} else {

result = compute(n - 1) + compute(n - 2);

}

return result;
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|{@RunWith(Parameterized.class) |
public class FibonacciTest {
public static Collection<Object[]> data() {
return Arrays.asList(new Object[][] {{ @, @ }, {1, 1}, {2,121}, {3,213}, {4, 31,
{5 53} {6,81}});
} A

private int fInput;

private int fExpected; Representative values that may

public FibonacciTest(int input, int expected) { ] .
fInput= input; have found with test strategies

, fExpected= expected; (e.g., category partition)

@Test

public void test() {
assertEquals(fExpected, Fibonacci.compute(fInput));
}

}

public class Fibonacci {
public static int compute(int n) {
int result = 0;

if (n <=1) {
result = n;
} else {

result = compute(n - 1) + compute(n - 2);

}

return result;
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{@RunWith(Parameterized.class) |
public class FibonacciTest {

oParameters

pub'w&uﬂmw ] ] % {
return Arrays.asList(new Object[][] K{ @, @ }, {1, 1}, {2, 1}, {3, 2%}, {4, 31,

{5 5%} {6,81}1});
} N\

private int fInput;

private int fExpected; Representative values that may

public FibonacciTest(int input, int expected) { ] .
fInput= input; have found with test strategies

, fExpected= expected; (e.g., category partition)

@Test

public void test() {
assertEquals(fExpected, Fibonacci.compute(fInput));
}

}

public class Fibonacci {
public static int compute(int n) {
int result = 0;

if (n <=1) {
result = n;
} else {

result = compute(n - 1) + compute(n - 2);

}

return result;
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|{@RunWith(Parameterized.class)

public class FibonacciTest {

oParameters

{5 513} {6,8%} 1)
¥
private int fInput;
private int fExpected;
|  public FibonacciTest(int input, int expected)]{
fInput= input;
fExpected= expected;

}
@Test

public void test() {

pub'w&uﬂmwmﬁ' ] ] % {
return Arrays.asList(new Object[][] K{ @, @ }, {1, 1}, {2, 1}, {3, 2%}, {4, 31,

N\

Representative values that may
have found with test strategies
(e.g., category partition)

assertEquals(fExpected, Fibonacci.compute(fInput));

}
}

public class Fibonacci {
public static int compute(int n) {
int result = 0;

if (n <=1) {
result = n;
} else {

result = compute(n - 1) + compute(n - 2);

}

return result;
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|{@RunWith(Parameterized.class)

public class FibonacciTest {

oParameters

{5 513} {6,8%} 1)
¥
private int fInput;
private int fExpected;
|  public FibonacciTest(int input, int expected)]{
fInput= input;
fExpected= expected;

}
@Test

public void test() {

pub'wmwﬁ' ] ] % {
return Arrays.asList(new Object[][] K{ @, @ }, {1, 1}, {2, 1}, {3, 2%}, {4, 31,

N\

Representative values that may
have found with test strategies
(e.g., category partition)

assertEquals(fExpected, Fibonacci.compute(fInput));

s
}

public class Fibonacci {
public static int compute(int n) {
int result = 0;

if (n <=1) {
result = n;
} else {

result = compute(n - 1) + compute(n - 2);

}

return result;
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Identify Individual test cases

* To easily identify the individual test cases 1n a
Parameterized test, use a name 1n the
(@Parameters annotation.

* This name 1s allowed to contain placeholders
that are replaced at runtime:

* {index}: the current parameter index

* {0}, {1}, ...: the first, second, and so on, parameter value
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Dynamic testing

 Dynamic testing concerns testing the
operations (behaviour) of a program

« Unit tests, integration tests, system tests and
acceptance tests and regression tests utilize
dynamic testing

Freie Universitat Bozen
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Dynamic testing

* Tests with (@Test annotation are static tests as
they are fully specified at compile-time

* A dynamic test is a test generated during run-
time

Freie Universitat Bozen
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e In JUnit 5 there are new annotations that
support 1t
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Dynamic testing

* A dynamic test 1s generated by a factory
annotation: @ TestFactory

* (@TestFactory methods must not be private or
static and may optionally declare parameters
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@TestFactory ....n:==“"
public DynamicTest createTest(){

return dynamicTest("1st dynamic test", () -> assertTrue(isPalindrome('madam")));

]
.

.
.
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.....
*a "

- b
"
-----------------
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DynamicTest class

 DynamicTest is a test case generated at runtime

e It 1s determined of a display name and an
Executable that are passed to 1ts method
dynamicTest

Freie Universitat Bozen
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Example display name

@TestFactory
public DynamicTest createTest(){

return dynamicTest("1st dynamic test", () -> assertTrue(isPalindrome('madam")));

}

executable

|
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Key methods of DynamicTest class

public static DynamicTest

dynamicTest(String displayName, Executable executable)

* Factory method creates a new DynamicTest instance with the
given display name and executable code block

dynamicTest("testName", () -> assertTrue(isPalindrome(“madam")))

anonymous Lambda expression

- Freie Universitat Bozen
un|bz Libera Universita di Bolzano
niversita Li d
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stream(Iterator<T> inputGenerator, Function<? super
T,String> displayNameGenerator, ThrowingConsumer<?
super T> testExecutor)

e Factory method to generate a stream of dynamic tests

* inputGenerator generates input values. A DynamicTest 1s added to
the resulting stream for each dynamically generated input value,
using the displayNameGenerator and testExecutor

« inputGenerator - an Iterator that serves as a dynamic input generator

« displayNameGenerator - a function that generates a display name based on
an mput value

« testExecutor - a consumer that executes a test based on an input value

_— Freie Un
unibz b 2 Uni

sitdt Boz,
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@TestFactory
Stream<DynamicTest> generateRandomNumberOfTests() {

Iterator<Integer> inputGenerator = new Iterator<Integer>() {

Random random = new Random();

int current;

@Override

public boolean hasNext() {
current = random.nextInt(100);
return current % 7 != 0;

¥

Generates random positive integers
between @ and 100 until a number evenly
divisible by 7 is encountered.

@Override

public Integer next() {
return current;

b

};

// Generates display names like: input:5, input:37, input:85, etc.
Function<Integer, String> displayNameGenerator = (input) —> "input:" + input;

// Executes tests based on the current input value.

ThrowingConsumer<Integer> testExecutor = (input) —> assertTrue(input

// Returns a stream of dynamic tegq\s.

return DynamicTest.stream(inputGe ator, displayNameGenerator, testExecutor);

7 '=0);
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Functionallnterfaces w. Dynamic
Test

stream(

Iterator<T> inputGenerator,

Function<? super T,String> displayNameGenerator,
ThrowingConsumer<? super T> testExecutor)

dynamicTest(String displayName, Executable executable)

* The implementations of DynamicTest can be
provided as lambda expressions or method
references for the Functional Interfaces
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Functionjresser Faces w. Dynamic
Test

stream(

Iterator<T> inputGenerator,
Function<? super T,String> displayNameGenerator,
ThrowingConsumer<? super T> testExecutor)

dynamicTest(String displayName, Executable executable)

* The implementations of DynamicTest can be
provided as lambda expressions or method
references for the Functional Interfaces
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Function |resur Fac nctional 1DyNAIMIC

Interfaces
Test

stream(

Interfaces

Iterator<T> inputGenerator,
Function<? super T,String> displayNameGenerator,
ThrowingConsumer<? super T> testExecutor)

dynamicTest(String displayName, Executable executable)

* The implementations of DynamicTest can be
provided as lambda expressions or method
references for the Functional Interfaces

Freie Universitat Bozen
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ynamic

Interfaces

FunCtion Regular Fac Functional

Test Interfaces Functional
unctiona

Interfaces

stream( of JUnit5

Iterator<T> inputGenerator,
Function<? super T,String> displayNameGen r,
ThrowingConsumer<? super T> testExecutor)

dynamicTest(String displayName, Executable executable)

* The implementations of DynamicTest can be
provided as lambda expressions or method
references for the Functional Interfaces
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Functional Interface

A functional interface has only one abstract
method but it can have multiple default
methods

* @Functionallnterface annotation 1s used to
ensure at compile time that an interface cannot
have more than one abstract method

* The use of this annotation 1s optional

€

‘:':E )
Java8
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//some imports

@RunWith(JuUnitPlatform.class)
public class TranslatorEngineTest {
private TranslatorEngine translatorEngine;
@BeforeEach
public void setUp() {
translatorEngine = new TranslatorEngine();

}

@Test
public void testTranslateHello() {
assertEquals("Bonjour",
translatorEngine.translate("Hello"));
¥
@Test
public void testTranslateYes() {
assertEquals("Oui"”,
translatorEngine.translate("Yes"));
}
@Test
public void testTranslateYes() {
assertEquals("No",
translatorkEngine.translate("No"));
¥
}
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//some imports

@RunWith(JuUnitPlatform.class)
public class TranslatorEngineTest {
private TranslatorEngine translatorEngine;
@BeforeEach
public void setUp() {
translatorEngine = new TranslatorEngine();

}

@Test
public void testTranslateHello() {
assertEquals("Bonjour",
translatorEngine.translate("Hello"));
¥
@Test
public void testTranslateYes() {
assertEquals("Oui"”,
translatorEngine.translate("Yes"));
}
@Test
public void testTranslateYes() {
assertEquals("Non",
translatorkEngine.translate("No"));
¥
}
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//some imports

@RunWith(JuUnitPlatform.class)
public class TranslatorEngineTest {
private TranslatorEngine translatorEngine;
@BeforeEach
public void setUp() {
translatorEngine = new TranslatorEngine();

}

@Test
public void testTranslateHello() {
assertEquals("Bonjour",
translatorkngine.translate("Hello"));
¥
@Test
public void testTranslateYes() {
assertEquals("Oui"”,
translatorEngine.translate("Yes"));
}
@Test
public void testTranslateYes() {
assertEquals("Non",
translatorEngine.translate("No"));
¥
}

@RunWith(Parameterized.class)
public static class Example{
@Parameters(name = "{index}: translation({0})={1}")
public static Object[][] data(){
return new Object[][[{{"Hello", "Bonjour"},{"Yes","Oui"},
{"No","Non"}};
}
private String input;
private String output;
public Example(String input, String output){
this.input=input;
this.output=output;
}
@org.junit.Test
public void test(){
TranslatorEngine translatorEngine = new TranslatorEngine();
assertEquals(output, translatorEngine.translate(input));



//some imports

@RunWith(JuUnitPlatform.class)
public class TranslatorEngineTest {
private TranslatorEngine translatorEngine;
@BeforeEach
public void setUp() {
translatorEngine = new TranslatorEngine();

}

@Test
public void testTranslateHello() {
assertEquals("Bonjour",
translatorkngine.translate("Hello"));
}
@Test
public void testTranslateYes() {
assertEquals("Oui"”,
translatorEngine.translate("Yes"));
}
@Test
public void testTranslateYes() {
assertEquals("No",
translatorEngine.translate("No"));

}
}

//some imports and class declaration

@TestFactory
public Collection<DynamicTest> translateDynamicTests() {
List<String> inPhrases = new
ArrayList<>(Arrays.asList("Hello", "Yes", “No"));
List<String> outPhrases = new
ArrayList<>(Arrays.asList("Bonjour", "Oui", "Non"));
Collection<DynamicTest> dynamicTests = new ArraylList<>();
TranslatorEngine translatorEngine = new TranslatorEngine();

for (int i = @; i < inPhrases.size(); i++) {

String phr = inPhrases.get(i);
String outPhr = outPhrases.get(i);
// create a test execution
Executable exec = () -> assertEquals(outPhr,

translatorEngine.translate(phr));
// create a test display name
String testName = " Test translate
// create dynamic test
DynamicTest dTest = DynamicTest.dynamicTest(testName,

+ phr;

exec);
// add the dynamic test to collection
dynamicTests.add(dTest);
}

return dynamicTests;




//some imports

@RunWith(JuUnitPlatform.class)
public class TranslatorEngineTest {

private TranslatorEngine translatorEngine;
@BeforeEach
public void setUp() {

translatorEngine = new TranslatorEngine();

}

@Test
public void testTranslateHello() {
assertEquals("Bonjour",

translatorEngine.translate("Hello"));

}
@Test

public void testTranslateYes() {
assertEquals("Oui"”,

translatorEngine.translate("Yes"));

}

@Test

public void testTranslateYes() {
assertEquals("No",

translatorkEngine.translate("No"));

}

}

//some imports and class declaration

@TestFactory
public Collection<DynamicTest> translateDynamicTests() {
List<String> inPhrases = new
ArrayList<>(Arrays.asList("Hello", "Yes", “No"));
List<String> outPhrases = new
ArrayList<>(Arrays.asList("Bonjour", "Oui"
Collection<DynamicTest> dynamicTests
TranslatorEngine translatorEngine =

IINonll));
new ArraylList<>();
w TranslatorkEngine();

for (int i = @; i < inPhrases.size();
String phr = inPhrases.get(i);
String outPhr = outPhrases.get(});
// create a test execution
Executable exec = () -> assertE
translatorEngine.translate(phr));
// create a test display name

i++) {

als(outPhr,

String testName = " Test translg B " + phr;
// create dynamic test
DynamicTest dTest = DynamicTest.| fnamicTest(testName,
exec);
// add the dynamic test to collel fion
dynamicTests.add(dTest);
}
return dynamicTests;
} Y
We can also
generate

such I/O
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