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What’s Unit Testing?
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https://blog.overops.com/githubs-10000-most-popular-java-projects-here-are-the-top-libraries-they-use/


On JUnit



The JUnit 5 Architecture



The JUnit 5 Architecture



Installing JUnit 5

•
•

•

•



import org.junit.jupiter.api.Test;
import static org.junit.jupiter.api.Assertions.*;

class GenericTest {
@Test
void shouldPerformOperationAsExpected() {

ClassUnderTest cut = new ClassUnderTest();
cut.initialize(list, of, parameters);    

cut.performOperation();

assertTrue(cut.someCondition());
assertFalse(cut.someOtherCondition());

}
}

JUnit 5 – Arrange, Act, Assert



How do we run the tests? (1 of 3)

•



How do we run the tests? (2 of 3)

•
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How do we run the tests? (2 of 3)
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How do we run the tests? (3 of 3)

•
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How do we run the tests? (3 of 3)

✔



JUnit 5 – Lifecycle Annotations
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•
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JUnit 5 – Test Instance Lifecycle

•

•



JUnit 5 – Assertions

•

•

•



JUnit 5 – Assertion examples

int number = 0; boolean condition = true; String message = "ABCDEF";

// passes
assertTrue(condition);

// fails, with custom error message
assertFalse(number < 1, "Number shouldn't be less than 1.");

// fails, with error message supplier
assertTrue(message.contains("Z"),() -> 

String.format("Message (%s) should contain \"Z\"",message)
);



JUnit 5 – Assertion examples

Sheep dolly = new Sheep("Dolly");
Sheep otherDolly = dolly.clone();

assertEquals(dolly, otherDolly);
assertNotSame(dolly, otherDolly);



JUnit 5 – Assertion examples

•

•

•

•

•

assertTimeoutPreemptively(Duration.ofMillis(300), () -> { object.doStuff(); });

assertThrows(RuntimeException.class, ()-> {
throw new RuntimeException();

});



JUnit 5 – Assertion examples

Person grandPa = getRandomGrandPa();

assertAll(
() -> assertNotNull(grandPa.getName()    , "Name should not be null"),
() -> assertTrue (grandPa.getAge() > 50, "Should be older than 50"),
() -> assertEquals ("M", grandPa.getSex(), "Should be male")

);

// Same as this? No! AssertAll always executes all the assertions!
assertNotNull(grandPa.getName()    , "Name should not be null");
assertTrue (grandPa.getAge() > 50, "Should be older than 50");
assertEquals ("M", grandPa.getSex(), "Should be male");



JUnit 5 – Test Naming

•

•

•

@DisplayName("A special test case")
class DisplayNameDemo {

@Test
@DisplayName("Custom name")
void testWithCustomName() {}

@Test
@DisplayName("╯°□°）╯")
void testWithSpecialName() {}

@Test
@DisplayName("😱")
void testWithEmojiName() {}

}



JUnit 5 – Nested Test Classes

@Nested

@DisplayName("An ArrayList")
class NamingExample {
@Nested
@DisplayName("When created")
public class TestEmptyArrayList {
@Test
@DisplayName("should be empty")
void shouldBeEmpty() {}

}
}



JUnit 5 – Parametrized Tests

@Test
void shouldSumTwoPositiveNumbers(){

int a = 4, b= 6, expected = 10;
int actual = Calculator.sum(a, b);
assertEquals(actual, expected);

}

@Test
void shouldSumTwoNegativeNumbers(){

int a = -3, b= -5, expected = -8;
int actual = Calculator.sum(a, b);
assertEquals(actual, expected);

}

//and so on...



JUnit 5 – Parametrized Tests

•

•

•

@Test
void shouldSumCorrectly(){

int[][] inputs = {{4,6,10},{-3,-5,-8}};
for(int[] input : inputs) {

int a = input[0], b = input[1], 
expected = input[2];

int actual = Calculator.sum(a, b);
assertEquals(actual, expected);

}
}



JUnit 5 – Parametrized Tests

•

•

@Test
void shouldSumCorrectlyV2(){

int[][] inputs = {{4,6,10},{-3,-5,-8}};
List<Executable> assertions = 

new ArrayList<Executable>();
for(int[] input : inputs) {

int a = input[0], b = input[1], 
expected = input[2];

int actual = Calculator.sum(a, b);
assertions.add(() -> 

assertEquals(actual, expected));
}
assertAll(assertions);

}



JUnit 5 – Parametrized Tests

• @ParametrizedTest

•

•



JUnit 5 – Parametrized Test Data Sources

• @NullSource

• @EmptySource

• @ValueSource

• @MethodSource



JUnit 5 – Parametrized Test Examples

@ParameterizedTest
@EmptySource
@ValueSource(strings = {"racecar", "AnNa", "KAYAK", "123454321", "Madam, I'm Adam"})
void shouldReturnTrueForPalindromeStrings(String string) {

assertTrue(PalindromeChecker.isPalindrome(string));
}

@ParameterizedTest(name = "Test {index} ==> ''{0}'' is NOT palindrome")
@NullSource
@ValueSource(strings = {"jUnit", "abc", "Martin Fowler","123ABC","  xy "})
void shouldReturnFalseForNonPalindromeStrings(String string) {

assertFalse(PalindromeChecker.isPalindrome(string));
}



JUnit 5 – Parametrized Test Examples



JUnit 5 – Parametrized Test Examples

@ParameterizedTest(name = "Test {index} ==> {0} + {1} is {2}")
@MethodSource("addInputProvider")
void shouldComputeTheSumCorrecly(int a, int b, int expected) {

int actual = Calculator.sum(a, b);
assertEquals(expected, actual);

}

static Stream<Arguments> addInputProvider() {
return Stream.of(

Arguments.of(1,9,10),
// more arguments..
Arguments.of(0,0,0)

);
}



JUnit 5 – Parametrized Test Examples



JUnit 5 – Conditional Test Execution

@Test
@Disabled
void disabledTest() {}

@Test
@Disabled("Disabled until F23 is implemented")
void disabledTest2() {}



JUnit 5 – Conditional Test Execution

@Test
@DisabledOnOs(OS.WINDOWS)
void testDisabledOnWindows() {}

@Test
@EnabledOnOs({OS.WINDOWS, OS.MAC})
void testEnabledOnWindowsAndMac() {}



JUnit 5 – Conditional Test Execution

@Test
@EnabledForJreRange(min = JAVA_8)
void fromJava8toCurrentJavaFeatureNumber() {}

@Test
@DisabledOnJre(JAVA_9)
void notOnJava9() {}



JUnit 5 – Assumptions

@Test
void testOnlyOnDeveloperWorkstation() {

assumeTrue("DEV".equals(System.getenv("ENV")),
"Aborting test: not on dev environment");

assertSomething(/*...*/); // only in dev environment
}

•

•

•



JUnit 5 – Assumptions

•

•

•

@Test
void testInAllEnvironments() {

assumingThat("PROD".equals(System.getenv("ENV")),() -> {
assertSomething(/*...*/); // only in PROD environment

});
assertSomething(/*...*/); // always

}



JUnit 5 – Conditional Test Execution



JUnit 5 – Extension Model

•

•

•



JUnit 5 – Extension Model

@ExtendWith(DatabaseExtension.class)
class AnIntegrationTest {

@InitDatabase // custom annotation
DatabaseDAO database; // automatically initialized

// test methods..
}



Assertion Frameworks



Assertion Frameworks

•

•

•



class MathUtils {

// Returns a list of divisors of number
static List<Integer> getDivisors(int number){

List<Integer> list = new ArrayList<Integer>();
for(int i = 1; i <= number; i++) {

if(number % i == 0) {
list.add(i);

}
}
return list;

}
}

Let’s try our hand with an assertion



Let’s try our hand with an assertion (v. 1)

@Test
void testDivisorsOfEight() {

List<Integer> divisors = MathUtils.getDivisors(8);
List<Integer> expected = Arrays.asList(1,2,4,8);
assertEquals(expected, divisors);

}

•

•

•
•



Let’s try our hand with an assertion (v. 1)

@Test
void testDivisorsOfEight() {

List<Integer> divisors = MathUtils.getDivisors(8);
List<Integer> expected = Arrays.asList(1,2,4,8);
assertEquals(expected, divisors);

}

•

•



@Test
void testDivisorsOfEight() {

List<Integer> divisors = MathUtils.getDivisors(8);
List<Integer> expected = Arrays.asList(1,2,4,8);
assertTrue(divisors.containsAll(expected));

}

Let’s try our hand with an assertion (v. 2)

• divisors



@Test
void testDivisorsOfEight() {

List<Integer> divisors = MathUtils.getDivisors(8);
List<Integer> expected = Arrays.asList(1,2,4,8);
assertAll(

() -> assertTrue(expected.containsAll(divisors)),
() -> assertTrue(divisors.containsAll(expected))

);
}

Let’s try our hand with an assertion (v. 3)

•

•



What’s wrong with JUnit Assertions?

•

•
•

•

•
•



Getting to know Hamcrest

•

•



Testing with Hamcrest



Testing with Hamcrest

// these express the same assertion
assertEquals(expected, actual);
assertThat(actual, equalTo(expected));
assertThat(actual, is(expected));
assertThat(actual, is(equalTo(expected)));

// and so do these
assertTrue(condition); 
assertThat(condition, is(true));

// and these
assertNotNull(actual);
assertThat(actual, is(not(nullValue())));



Hamcrest – Core Matchers

•

•

•

assertThat("foo", is(not(equalTo("bar"))));



Hamcrest – String Matchers

•

•

•

assertThat("Hamcrest", startsWith("Ham")); // passes
assertThat("Hamcrest", startsWith("ham")); // fails
assertThat("Hamcrest", containsStringIgnoringCase("CRE")); //passes
assertThat("Hamcrest", endsWithIgnoringCase("REST")); //passes



Hamcrest – Comparable Matchers

•

•

•

assertThat(10, is(greaterThanOrEqualTo(10)));
assertThat(10, is(lessThan(100)));
double a = 1.001, b = 1.002, delta = 0.002;
assertThat(a, is(closeTo(b, delta)));



Hamcrest – Logical Matchers

•

•

•

assertThat("Hamcrest", allOf(startsWith("Ham"), endsWith("crest")));
assertThat(123, anyOf(is(lessThan(50)), is(greaterThan(120))));
assertThat(123, either(is(lessThan(50))).or(is(greaterThan(130))));



Hamcrest – Object Matchers

•

•

Car car = new Car("Stelvio", 280, "Gasoline"); //model, hp, fuel
assertThat(car, hasProperty("fuel"));
assertThat(car, hasProperty("hp", is(greaterThan(200))));



Hamcrest – Collection Matchers: Iterables

•

•

•

List<String> s = Arrays.asList("Anna","Bob","Carl");
assertThat(s, hasItem(both(startsWith("A")).and(endsWith("a"))));
assertThat(s, contains(startsWith("A"),startsWith("B"),startsWith("C")));
assertThat(s, containsInAnyOrder("Bob","Anna","Carl"));



Hamcrest – Collection Matchers: Maps

•

•

•

Map<String,Integer> map = new HashMap<String,Integer>();
map.put("Anna", 1); map.put("Bob", 3); map.put("Carl", 3);
assertThat(map, hasKey(containsString("nn")));
assertThat(map, hasValue(is(greaterThan(2))));
assertThat(map, hasEntry(startsWith("A"), is(lessThan(2))));



Hamcrest – There’s much more!

•

•

http://hamcrest.org/JavaHamcrest/javadoc/2.2/overview-summary.html
http://hamcrest.org/JavaHamcrest/javadoc/2.2/org/hamcrest/Matchers.html


Let’s get back at our example

@Test
void testDivisors() {

List<Integer> divisors = MathUtils.getDivisors(8);
List<Integer> expected = Arrays.asList(1,2,4,8);
assertAll( // v3

() -> assertTrue(expected.containsAll(divisors)),
() -> assertTrue(divisors.containsAll(expected))

);
// with Hamcrest
assertThat(divisors, containsInAnyOrder(1,2,4,8));

}



Another example



Another example – The classic way

boolean found = false;
for(Car c: Car.getCars()) {

if(c.getFuel().equals("Electric") || c.getFuel().equals("Hydrogen")) {
found = true;
break;

}
}
assertTrue(found);

> Error message:
Expected: <true> but was: <false>



Another example – The Hamcrest way

assertThat(Car.getCars(), hasItem(
hasProperty("fuel", either(is("Electric")).or(is("Hydrogen")))

));

> Error message:
Expected: a collection containing 

hasProperty("fuel", (is "Electric" or is "Hydrogen"))
but: mismatches were: [ property 'fuel' was "Hidrogen",  

property 'fuel' was "Gas", property 'fuel' was "Gas"]



Writing our own Matcher

🙄

assertThat(list, hasItem(hasProperty("firstName", is(not(palindrome())))));



Writing our own Matcher

public interface Matcher<T> {
boolean matches(Object actual);
void describeMismatch(Object actual, Description mismatchDescription);

}



public class IsPalindrome extends TypeSafeMatcher<String>{

@Override
public void describeTo(Description description) {

description.appendText("a palindrome string");
}

@Override
protected boolean matchesSafely(String item) {

StringBuilder sb = new StringBuilder(item).reverse();
return sb.toString().equalsIgnoreCase(item);

}

public static IsPalindrome palindrome() {
return new IsPalindrome();

}
}

Writing our own Matcher



Using our own matcher

import static org.hamcrest.Matchers.*;
import static it.unina.computerscience.softeng.junitdemo.examples.IsPalindrome.*;

// ...

assertThat(list, hasItem(hasProperty("firstName", is(not(palindrome())))));

> Error message:
Expected: a collection containing 

hasProperty("firstName", is not a palindrome string)
but: mismatches were: [ property 'firstName' was "Anna",  

property 'firstName' was "Bob",  property 'firstName' was "Otto"]



Other Java Assertion frameworks

•

•

// AssertJ
assertThat(gamma.getName()).startsWith("Er").endsWith("ich");
assertThat(theGangOfFour).contains(gamma,helm).doesNotContain(fowler);

// Truth
assertThat(theGangOfFour).containsExactly(gamma,helm,vliss,johnson).inOrder();

https://assertj.github.io/doc/
https://truth.dev/


AssertJ / Truth vs Hamcrest

•
•

•

•

•
•

•



Testing in Isolation



Dependencies and Testing



Dependencies and Testing

@Test
void testTrading() {

// arrange
CryptocurrencyManager c = new CryptocurrencyManager();
c.addAsset(new Asset("BTC",10.0));
c.addAsset(new Asset("EUR",10000.0));
// act (1 BTC = 7000.0 EUR)
c.trade("EUR", 7000.0, "BTC");
// assert
assertTrue(c.getAsset("EUR").get().getAmount() == 3000.0);
assertTrue(c.getAsset("BTC").get().getAmount() == 11.0);

}



Dependencies and Testing

•

•

•



Test Doubles

•

•

•



(Lack of) Inversion of Control

public class CryptocurrencyManager {
private ExchangePlatform exchangeAPI = new ExchangePlatform();
CryptocurrencyManager(){/*...*/}
public void trade(String toSell, double amountToSell, String toBuy) {/*...*/}

}

•

•



Inversion of Control

•
•

•



Dependencies and Testing

@Test
void testTrading() {

// arrange
CryptocurrencyManager c = new CryptocurrencyManager(new ExchangeStub());
c.addAsset(new Asset("BTC",10.0));
c.addAsset(new Asset("EUR",10000.0));
// act (1 BTC = 7000.0 EUR)
c.trade("EUR", 7000.0, "BTC");
// assert
assertTrue(c.getAsset("EUR").get().getAmount() == 3000.0);
assertTrue(c.getAsset("BTC").get().getAmount() == 11.0);

}



Our very simple Exchange Platform Stub

class ExchangeStub implements ExchangeAPI {
@Override
public Asset exchange(String toSell, double amount, String toBuy) {

return new Asset("BTC",1.0);
}

}

•

•



Mocking frameworks

https://site.mockito.org/
https://easymock.org/
https://jmockit.github.io/


Introducing Mockito

https://blog.overops.com/githubs-10000-most-popular-java-projects-here-are-the-top-libraries-they-use/


Mockito – Creating Mocks

List mockedList = mock(ArrayList.class); // with classes
Map mockedMap = mock(Map.class);       // and with interfaces too

mockedMap.get("Foo"); // returns null
mockedList.get(2);    // returns null
mockedList.isEmpty(); // returns false
mockedList.size();    // returns 0



Mockito – Configuring Mocks

List mockedList = mock(ArrayList.class); // with classes
Map mockedMap = mock(Map.class);       // and with interfaces too

// configuration
when(mockedMap.get("Foo")).thenReturn("Bar");
doReturn("Bar").when(mockedList).get(2); // alternative way
when(mockedList.size()).thenReturn(99);

mockedMap.get("Foo"); // returns "Bar" 
mockedList.get(2);    // returns "Bar"
mockedList.isEmpty(); // returns false as before
mockedList.size();    // returns 99



Mockito – Argument matchers

// configuration: order matters!
when(mockedList.get(anyInt())).thenReturn("Mockito!");
when(mockedList.get(lt(0))).thenThrow(IllegalArgumentException.class);
when(mockedList.get(-25)).thenReturn("MOCKITO!");

mockedList.get(1988);  // returns "Mockito!"
mockedList.get(-25);   // returns "MOCKITO!"
mockedList.get(-2);    // throws IllegalArgumentException



Mockito – Configuring Mocks



Mockito – Argument matchers

https://javadoc.io/static/org.mockito/mockito-core/3.3.3/org/mockito/ArgumentMatchers.html
https://javadoc.io/static/org.mockito/mockito-core/3.3.3/org/mockito/AdditionalMatchers.html
https://www.javadoc.io/doc/org.mockito/mockito-core/latest/org/mockito/hamcrest/MockitoHamcrest.html


Mockito – Arg. matchers with Hamcrest

import static org.mockito.Mockito.*;
import static org.mockito.hamcrest.MockitoHamcrest.argThat;
import static org.hamcrest.Matchers.*;
import static it.unina.computerscience.softeng.junitdemo.examples.IsPalindrome.*;

// configuration - argThat is a static method from the MockitoHamcrest class
when(mockedList.add(argThat(

is(palindrome()) // Hamcrest Matcher
))).thenReturn(true);

mockedList.add("Abe");  // returns false
mockedList.add("Bob");  // returns true
mockedList.add("Otto"); // returns true



Mockito – Configuring Answers

•

https://www.javadoc.io/doc/org.mockito/mockito-core/latest/org/mockito/stubbing/Answer.html


Mockito – Configuring Answers

List<Integer> myMock = mock(ArrayList.class);

when(myMock.get(anyInt())).thenAnswer(
new Answer() {

public Object answer(InvocationOnMock invocation) {
return ((Integer)invocation.getArgument(0)) + 1;

}
});

//same as the above
when(myMock.get(anyInt())).thenAnswer(
invocation -> ((Integer)invocation.getArgument(0)) + 1

);

myMock.get(42); // returns 43
myMock.get(99); // returns 100



Mockito – Verifying behaviour

// assert
assertTrue(c.getAsset("EUR").get().getAmount() == 3000.0);
assertTrue(c.getAsset("BTC").get().getAmount() == 11.0);
// hopefully, a call was made to ExchangeAPI.exchange() with the right params!



Mockito – Verifying behaviour



Mockito – Verifying behaviour: examples

// check that myMock.size() was called exactly once
verify(myMock).size();  
// check that myMock.get(19) was called exactly once
verify(myMock).get(19);
// check that myMock.get was called exactly three times with any int arg. 
verify(myMock, times(3)).get(anyInt()); // with Mockito matcher
// check that myMock.get was called no more than three times with any even arg.
verify(myMock, atMost(3)).get(argThat(is(even()))); // with Hamcrest matcher
// check that myMock.get(0) was called at least two time
verify(myMock, atLeast(2)).get(0);
// check that no interaction occurred with mockedStack
verifyNoInteractions(mockedStack);
// check that myMock.addAll was never called
verify(myMock, times(0)).addAll(anyCollection());



Mockito – Verifying behaviour: examples

// check that method calls happened in a precise order
InOrder inOrder = inOrder(myMock);
inOrder.verify(myMock).get(19);
inOrder.verify(myMock).get(42);
inOrder.verify(myMock).get(99);

// check that no interaction happened after myMock.get(99)
verifyNoMoreInteractions(myMock);



Mockito – Verifying behaviour: errors

> Error message:

org.mockito.exceptions.verification.NoInteractionsWanted: 
No interactions wanted here:
-> at CryptocurrencyManagerTest.java:153
But found this interaction on mock 'arrayList':
-> CryptocurrencyManagerTest.java:138



Getting back at our example

@Test
void testTrading() {

// create and configure mock
ExchangePlatformAPI api = mock(ExchangePlatformAPI.class); 
when(api.exchange("EUR", 7000.0, "BTC")).thenReturn(new Asset("BTC",1.0));
// arrange
CryptocurrencyManager c = new CryptocurrencyManager(api);
c.addAsset(new Asset("BTC",10.0)); c.addAsset(new Asset("EUR",10000.0));
// act
c.trade("EUR", 7000.0, "BTC");
//assert
assertTrue(c.getAsset("EUR").get().getAmount() == 3000.0);
assertTrue(c.getAsset("BTC").get().getAmount() == 11.0);
verify(api).exchange("EUR",7000.0,"BTC"); // API were actually called

}



Mockito and JUnit 5

@ExtendWith(MockitoExtension.class) // register the extension
class CryptocurrencyManagerTest {

@Mock ExchangePlatformAPI api;  // parameter initialization

@Test
void testTrading() {/*...*/}

@Test
void testWithMockParam(@Mock List<Integer> list) {/*...*/} //param. resolution

}

https://www.javadoc.io/doc/org.mockito/mockito-junit-jupiter/latest/index.html


Mockito – Limitations 

•

•

•

https://github.com/powermock/powermock


Rules to mock by

•

•

•



Rules to mock by

•

•

•



References

•

•

•

•

•

•

•

https://martinfowler.com/bliki/UnitTest.html
https://martinfowler.com/bliki/TestDouble.html
http://xunitpatterns.com/Test%20Double.html
https://martinfowler.com/articles/mocksArentStubs.html
https://junit.org/junit5/docs/current/user-guide/
http://hamcrest.org/JavaHamcrest/
https://site.mockito.org/

