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| have an ongoing fear that all my unit tests pass: but they're meaningless.

https://devops.com/unit-testing-dilemma/
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JUnit

* A unit testing framework for the Java programming language.
* Key in the development of test-driven development

 Part of a family of unit testing frameworks which is collectively
known as xUnit that originated with SUnit.

e JUnit 1s linked as a JAR at compile-time

 package junit.framework for JUnit 3.8 and earlier;
package org.junit for JUnit 4 and later.

e On GitHub, it 1s (one of) the most commonly included external
libraries (>30%)
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Unit testing ,J'Unit

¢ unit testing: Looking for errors in a subsystem in isolation.
= Generally a "subsystem" means a particular class or object.
= The Java library JUnit helps us to easily perform unit testing.

e The basic idea:
= For a given class Foo, create another class FooTest to test it,
containing various "test case" methods to run.
= Each method looks for particular results and passes / fails.

e JUnit provides "assert" commands to help us write tests.
= The idea: Put assertion calls in your test methods to check things you
expect to be true. If they aren't, the test will fail.
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JUnit and Eclipse

e To add JUnit to an Eclipse project, click:
= Project — Properties — Build Path — Libraries —
Add Library... — JUnit — JUnit 4 — Finish

— Java - DoSomething.java - Eclipse SDK

File Edit Source Refactor Navigate Search Project Run Window Help

e To create a test case: ] s @i 0 -Q-  BHFE- IO @

SRS g Hierarchy | JUnit = B/ [3] DoSomething.java 52 .

= right-click a file and A ‘
® & openmrs [openmrs/trunk] . public class DoSom
choose New — Test Case |. . prrmmre= P
: i = & (default { I - Project
= or click File — New — 9D 0osq o> - m—
i S RESYS  open @ Class ‘
z pen in New Window
JUnit Test Case Wmaptet | peHerarchy  F4 & Interface j
1 | (& Enum
. 5 Copy Cul+C @ Annotation
u EC|IpS€ can create stu bS B Copy Qualfied Name &% Source Folder :
[ Paste Ctrl+v (% Folder 1
of method tests for you. | X Dekte Delete < e
‘ Buid Path , | B Untitled Text File ]
s JOOPSPOPIN 15 Junic Test Case ||
Refactor Alt+Shift+T *| 5 Other...
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A JUnit test class

import org.junit.*;
import static org.junit.Assert.*;

public class name {

@Test
public void name() { // a test case method

}
}

= A method with @Test is flagged as a JUnit test case.
e All @Test methods run when JUnit runs your test class.

2017: J Paul Gibson TSP: Advanced OO Programming - JUnit 6




JUnit assertion methods

assertTrue (test) fails if the boolean testis false
assertFalse (test) fails if the boolean test is t rue
assertEquals (expected, actual) fails if the values are not equal
assertSame (expected, actual) fails if the values are not the same (by ==

assertNotSame (expected, actual) fails if the values are the same (by ==

assertNull (value) fails if the given value is not null
assertNotNull (value) fails if the given value is null
fail () causes current test to immediately fail

e Each method can also be passed a string to display if it fails:
= e.g. assertEquals ("message", expected, actual)
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ArraylntList JUnit test

import org.junit.¥*;
import static org.junit.Assert.¥*;

public class TestArrayIntList ({

@QTest

public void testAddGetl () {
ArrayIntList list = new ArrayIntList();
list.add (42) ;
list.add(-3);
list.add (15);
assertEquals (42, list.get(0));
assertEquals (-3, list.get(1l));
assertEquals (15, list.get(2));

}

@Test
public void testIsEmpty () {
ArrayIntlList list = new ArrayIntList();

assertTrue (list.isEmpty())
list.add(123);
assertFalse(list.isEmpty()) ;s

list.remove (0) ;
assertTrue (list.isEmpty())
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Running a test

e Right click it in the Eclipse Package Explorer at left; choose:
Run As — JUnit Test

e The JUnit bar will show green if all tests pass, red if any fail.

e The Failure Trace shows which tests F—r—y . . . )

fa i I Ed, if a ny’ an d W hy. Finished after 0,01 seconds @ L -
Runs: 11 B Errors: 0 B Failures: 0
—— ]
@S Failures @?: Hierarchy |
& Remresn (=)
Assign Working Sets... |
Debug As 4 )
{2 Open Run Dialog...

\ialidata

= Failure Trace

*III*
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Well-structured assertions

public class DateTest {
@Test
public void testl () {
Date d = new Date (2050, 2, 15);
d.addDays (4) ;
assertEquals (2050, d.getYear()); // expected

(
assertEquals (2, d.getMonth()) // wvalue should
assertEquals (19, d.getDay()):; // be at LEFT
}
dTest

public void test2 () {
Date d = new Date (2050, 2, 15);
d.addDays (14) ;
assertkEquals ("year after +14 days", 2050, d.getYear()):
assertkEquals ("month after +14 days", 3, d.getMonth());
assertkEquals ("day after +14 days", 1, d.getDay());

} // test cases should usually have messages explaining

} // what is being checked, for better failure output
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Expected answer objects

public class DateTest {

@Test

public void testl () {
Date d = new Date (2050, 2, 15);
d.addDays (4) ;
Date expected = new Date (2050, 2, 19);

assertEquals (expected, d); // use an expected answer
} // object to minimize tests

// (Date must have toString
@Test // and equals methods)

public void test2 () {
Date d = new Date (2050, 2, 15);
d.addDays (14) ;
Date expected = new Date (2050, 3, 1);
assertkEquals ("date after +14 days", expected, d);

11
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Naming test cases

public class DateTest {

@Test
public void test addDays withinSameMonth 1 () {

Date actual = new Date (2050, 2, 15);
actual.addDays (4) ;

Date expected = new Date (2050, 2, 19);

assertEquals ("date after +4 days", expected, actual);

}
// give test case methods really long descriptive names

@Test
public void test addDays wrapToNextMonth 2 () {

Date actual = new Date (2050, 2, 15);
actual.addbDays (14) ;

Date expected = new Date (2050, 3, 1);

assertEquals ("date after +14 days", expected, actual);

}

// give descriptive names to expected/actual values
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Tests with a timeout

@Test (timeout = 5000)
public void name() { ... }

= The above method will be considered a failure if it doesn't finish running
within 5000 ms

private static final int TIMEOUT = 2000;

@Test (timeout = TIMEOUT)
public void name() { ... }

= Times out / fails after 2000 ms
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Pervasive timeouts

public class DateTest {
@Test (timeout = DEFAULT TIMEOUT)

public void test addDays withinSameMonth 1 () {
Date d = new Date (2050, 2, 15);
d.addDays (4) ;
Date expected = new Date (2050, 2, 19);
assertEquals ("date after +4 days", expected, d);

@Test (timeout = DEFAULT TIMEOUT)
public void test addDays wrapToNextMonth 2 () {
Date d = new Date (2050, 2, 15);
d.addDays (14) ;
Date expected = new Date (2050, 3, 1);
assertEquals ("date after +14 days", expected, d);

}

// almost every test should have a timeout so it can't
// lead to an infinite loop; good to set a default, too
private static final int DEFAULT TIMEOUT = 2000;

}

14
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Testing for exceptions

@Test (expected = ExceptionType.class)
public void name () {

}

= Will pass if it does throw the given exception.
e If the exception is not thrown, the test fails.

e Use this to test for expected errors.

@Test (expected = ArrayIndexOutOfBoundsException.class)

public void testBadIndex () {

ArrayIntList list = new ArrayIntList();

list.get (4); // should fail
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Setup and teardown

@Before

public void name() { ... }
QAfter

public void name() { ... }

= methods to run before/after each test case method is called

@BeforeClass

public static void name() { ... }
@QAfterClass

public static void name() { ... }

= methods to run once before/after the entire test class runs

16
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Trustworthy tests

e Test one thing at a time per test method.
= 10 small tests are much better than 1 test 10x as large.

e Each test method should have few (likely 1) assert statements.
= |f you assert many things, the first that fails stops the test.
= You won't know whether a later assertion would have failed.

e Tests should avoid logic.
= minimize if/else, loops, switch, etc.

= avoid try/catch
e If it's supposed to throw, use expected= ... if not, let JUnit catch it.

e Torture tests are okay, but only in addition to simple tests.
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Test case 'smells”

e Tests should be self-contained
and not care about each other.

e "Smells" (bad things to avoid) in tests:

m Constrained test order : Test A must run before Test B.

(usually a misguided attempt to test order/flow)

m Tests call each other : Test A calls Test B's method
(calling a shared helper is OK, though)

= Mutable shared state  : Tests A/B both use a shared object.
(If A breaks it, what happens to B?)
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Test suites

e test suite: One class that runs many JUnit tests.
= An easy way to run all of your app's tests at once.

import org.junit.runner.*;
1mport org.junit.runners.*;

QRunWith (Suite.class)
@Suite.SuiteClasses ({
TestCaseName.class,
TestCaseName.class,

TestCaseName .class,

})

public class name {}
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Test suite example

import org.junit.runner.*;
1mport org.junit.runners.*;

QRunWith (Suite.class)

@Suite.SuiteClasses ({
WeekdayTest.class,
TimeTest.class,
CourseTest.class,
ScheduleTest.class,
CourseComparatorsTest.class

)
public class HW2Tests {}
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JUnit summary

e Tests need failure atomicity (ability to know exactly what failed).
= Each test should have a clear, long, descriptive name.
= Assertions should always have clear messages to know what failed.

= Write many small tests, not one big test.
e Each test should have roughly just 1 assertion at its end.

e Always use a timeout parameter to every test.

e Test for expected errors / exceptions.

e Choose a descriptive assert method, not always assertTrue.
e Choose representative test cases from equivalent input classes.
e Avoid complex logic in test methods if possible.

e Use helpers, @Before to reduce redundancy between tests.
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JUnit 4 introduced parameterized tests.

Allow a developer to run the same test over and over again using different values.

There are five steps that you need to follow to create a parameterized test.
*Annotate test class with @RunWith(Parameterized.class).

*Create a public static method annotated with (@Parameters that returns a Collection of Objects
(as Array) as test data set.

*Create a public constructor that takes in what 1s equivalent to one "row" of test data.

*Create an instance variable for each "column" of test data.

*Create your test case(s) using the instance variables as the source of the test data.

The test case will be invoked once for each row of data.

https://examples.javacodegeeks.com/core-java/junit/junit-parameterized-test-example/
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Code coverage of Unit Tests

Coverage Units

= Control Flow Coverage
—Classes
—>Methods
—Lines
- Statements
—~>Branches
—Paths

Covered Units
Total Units

Coverage Ratio =
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Code coverage of Unit Tests

Statement Coverage

public int clip(int lower, int upper, int x) {
if (x < lower) { [
x = lower; [M
}
if (x > upper) { [/
X = upper; [
}
M

return x;

Test Set for Full Statement Coverage: | clip(1, 9, 0)
clip(1, 9, 10)
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Code coverage of Unit Tests

Branch Coverage

public int clip(int lower, int upper, int x) ({
if (x < lower) {
X = lower;
}
if (x > upper) {
X = upper;

}
v
return x; | |

Test Set for Full Branch Coverage: clip(1, 9, 0)
clip(1, 9, 10)
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Code coverage of Unit Tests

Path Coverage

public int clip(int lower, int upper, int x) {
if (x < lower) { <

x = lower; 7/ L[]

}
if (x > upper) { ol
X = upper; L

}

return x; L

} v

Test Set for Full Path Coverage: clip(1, 9, 0)
clip(1l, 9, 10)
clip(1l, 9, 5)
clip(9, 1, 5)
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Code coverage of Unit Tests
_loix

File Edit Source Refactor Mavigate Search Project Run  Window Help

IEi- @D m |G- 0- Q- [BHFEE- S -GG - @ | 4 £ & 3
Y ™\
U Unit &3 | NI m | ¥} CursorablelinkedList.java X =B
Finished after 34,898 seconds A public boolean addill(int index, Collection ) { alo
Runs: 13009/13009 EErrors: 0 B Failures: 0 if (c.isEmpty()) { ]
return false;
| } else if{ size == index || size == 0) {
8 Fai ﬁ return addillic):
@ Failures | )= Hierarcl yl y else {
=-Eg %Jnlt..fr.amework.TestSUlte. (= Listable succ = getListablelt (index):
=L junit.framework, TestSuite Listable pred = (null == succ) ? null : succ.prev():

TestBagltils

t[c] org.apache.commons.collections. TestClos
E org.apache.commons.collections. TestColle
E) TestBufferltils

E TestEnumerationUtils

E org.apache.commons.collections, TestFact

Iterator it = c.iteratori():’
while (it.hasNext(})) {
pred = insertlistable (pred,succ,it.next()):

}
return true;

) TestListUtils b
k) TestMapUtils ¥ =
IF org.apache.commons.collections, TestPrec 4 | | _;I_I
TestSetLtils "
Ef] org.apache.commons.collections. TestTrar | ||Prablems I Javadoc I Declaration I Console (B Coverage 22 =0
Ef] TestarrayStack TestAllPackages (31.10.2006 15:04:14) = o - BIE @ e~
E TestBeanMap
org.apache.commons. collections. TestBina— Ele'!'ent I Coverage I Covered Lines I Total Lines I d
Ef) TestBoundedFifoBuffer = java - commons-collections - 79,5 % 10927 13738
E TestBoundedFifoBuffer? E]EB org.apache.commons, collections | 74,1 % 3842 5183
£] TestCursorableLinkedList ArrayStack.java - 86,5 % 32 37
|j. TestDoubleOrderedMap [J) BagUtils.java = 36,7% 13 15 —
k] org.apache. commons. collections. TestExte BeanMap.java - 72,4 % 155 214
E] TestFastarrayList BinaryHeap. java - 87,6 % 127 145
TestFastArrayListl BoundedFifoBuffer.java (] 93,2 % g2 88
TestFastHashMap [J] BufferOverflowException.java - 55,6 % 5 9
TestFastHashMap1 BufferUnderflowException.java = 88,9 % 8 9
E TestFastTreeMap J BufferUtiIs.java ] 30,8 % 4 13
[ TestFastTreeMap1 = [J] Closureutils. java - 93,9 % 31 33
«| : | Ll—l CollectionUtils. java (] 92,4 % 293 317
ComparatorUtils. java - 8,6 % 3
= Failure Trace =5 CursorableLinkedList. java = 85,4 % 444 520 |

[ ] | | writable | SmartInsert | 149:28 |
http://www.eclemma.org
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Code coverage of Unit Tests

[ NON) Install

Available Software | J
Check the items that you wish to install. \f) —=2
Work with: | http://update.eclemma.org/ 3 ( Add.. )

Find more software by working with the "Available Software Sites" preferences.

” type filter text
‘Name Version
™M  (5%EclEmma Java Code Coverage 2.0.0.201112160426

( Select All ) (Deselect All ) 1 item selected

Details

EclEmma plug-ins for Eclipse with online help.

More...
(") Show only the latest versions of available software [2] Hide items that are already installed
") Group items by category What is already installed?

["] Show only software applicable to target environment

[ Contact all update sites during install to find required software

(’:?) < Back (—Nexr7—3 ( Cancel ) Finish

/4

http://www.eclemma.org/installation.html
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Code coverage of Unit Tests

Source Code Annotation

Line coverage and branch coverage of the active coverage session is also directly displayed in the Java source editors.

a = public boolean addAll (int index, Collection c) {
& if(c.isEmpty()) {
return false;
& } else if( size == index || _size == 0) {
return addAll (c):
} else {
Listable succ = getlistableAt (index):;
& Listable pred = (null == succ) ? null : succ.prev():;
Iterator it = c.iterator();

& 1 of 2 branches missed.

¢ while (it.hasNext()) ({ =T
pred = insertListable (pred Press 'F2' for focus

}

return true;

}

Source lines containing executable code get the following color code:

e green for fully covered lines,
» yellow for partly covered lines (some instructions or branches missed) and
» red for lines that have not been executed at all.
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T4 Foo 0 OxFTIIPGAE _6xCODOO00R, Dl O0BJDDY
mw GIE'.‘A bF“lll ‘GHEE“
= 2

Acheived 100%
_ code coverage

-
-

EELOR. L eSS
tting up © 40Ty O (.
.0 or dizable components, restert yo
tting uy Lartup Options, snd then selact Ssfe M > p = s 4
operatcr<(Foo const &, Foo const &)
tting | sperator> (Foo const &, Foo const &)
= o' EEE EEn S 7 e p ¢ g C e 17 can < &
id) :
K | ) P, C | "
B ] 5 & BTy B
Fl A ) con Bl ¢ [ [\
technical suppert group. z 2

All green 100% 1s not enough (usually)... but it 1s better than ....?
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