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Recap

» Requirements Engineering

» user- / system requirements

» functional- / non-functional requirements

» process: requirements elicitation, -specification, -validation
» Use Cases

» A set of scenarios with a common goal”
» Two different views

> use case diagrams

» detailed use cases descriptions

» Glossary: Defines a common language



Use Case: Diagram vs. Detailed Description

» Use Casé&:_Search Available Flights
» Use Case Diagram

TravelAgency

ﬁ/(SSearch Available Flightg? >

» Detailed Use CaseLDescription

nameC_Search Available Flights

description: the user checks for available flights
actor

main scenatio: ...

alternative scenario: ...

note: ...
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Purpose of tests

» Goal: finding bugs

» Types of errors: requirement-, design-, implementation
errors

» Types of testing:

validation testng> +est for fumchonali
W""ﬂg olefects E



Validation testing vs defect testing

Tests

1. Start city is Copenhagen, destination city is Paris. The
date is 1.3.2012. Check that the list of availabe flight /aliefehon
contains SAS 1234 and AF 4245 als

2. Start city is Copenhagen, the name of the destination city
contains the Crtl-L character. Defecf fest-

Questions
a) Both tests are validation tests
b) 1 is a validation test and 2 is a defect test.
c) 1is a defect test and 2 is a validation test
d) Both tests are defect tests



Types of tests

1 Doveloper 165>

a) Unit tests S O“S‘e‘; vethol s
b) Component tests Cet of efessen
C) System tests fufejre hiw o] Com romeu}s
2. Release tests
Validatjon test + Defect testing

a) Scenario based testing A— (Ase Gase. Scamameg
b) Performance testing

- Jser 1es . .
validehoo o r
%ance tests <7 fres

] ole.,(«d-s
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Acceptance Tests

» Tests defined by / with the help of the user
» Traditionall
manual tests

» by the customer

»_after the software is delivered

~(based i Use cases / USET SToTies
» Agile software development

icfbsts: JUnit, Fit, ...
» crea :@ he user story is implemented




Example of an acceptance tests using JUnit

» Use case
ameLogin Admjn
actor: Admin
precondition: Admin is not logged in
1. Admin enters password
2. System responds true
alternative scenarios: ...
postcondition: Admin is lo in
omatic test for the main scenario
Tows Scemenp

public void testLoginAdmin () {
LibraryApp libApp = nhiew LibraryApp();

assertFalse (1libApp.adminLoggedIn()) ;

"admin dmin");(
assertTrue (login) ;

assertTrue(libApp.adminLoggedIn());(i

boolean login = libApp.adminLogi

}



Example of an acceptance tests using Fit

‘We want to incinerate 2 tons of waste without any remains, and we are using 2 units per ton of the
process "1MJ Electricity production (DK)".

WasteProcessFixture
Al

ExternalProcess WasteProperty | edit?

-2 MJ/kg J1MJ Electricity production (DK) | Wet weight. frue

ExternalProcessFixture

Name

Flow produced | Amount | create?
1MJ Electricity production (DHj) | "CO2, kg, to airy] 20 kgMJ

S~—}—

frue

—_—
—_—

WasteFixiure

WasteProperty | Value | create?
Wet weight (zkg true

The resultis alist of ElementaryFlow produced by the WasteProcess
‘LciFix{ure

\ersions ‘ ElementaryFlow | Amount

{ €02, kg, to air' | 80 kg
[ L

and Fitnesse: http://www.fitnesse.org



http://fit.c2.com
http://www.fitnesse.org
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JUnit

» Framework for @utomated tesig in Java

» Developed by Kent Beck and Erich Gamma
» Unit-, component-, and acceptance tests

» http://www.junit.org __Cl,{.,,,‘.], (Syp,,-_._[(/ﬂl/( =<)

>@Jnit



http://www.junit.org

JUnit and Eclipse

» JUnit 4.x libraries

S Froperties for ibrary
Siiterte Java Build Path

Resource

Java Buld pa

> Java Edior —_—
Javadoc Location
> L2 Plugin
Project References
Refactoring History
Run/Debug Settings
> TaskRepository
Task Tags
Validation
WikiText

<)

P

= e > = JRE System Library [JavaSE-1 6]
5 i > = untd
Java Compiler 3

(5 Source = Projects | = Libraries | & Order and Export
JARS and class folders on the buld path:

Add JARS
Add External JARs
Ad Variable.
Add Library.
Add Class Folder.

‘Add External Class Folder

» New source directory for tests

S U Froperties foribrary

Java Build Path

Resource

Java Bulld Path™ T
e

> 8 braryssic

> Jova CO0E

> Java Compler

> Java Edior
Javadoc Location

> L2 Plugin
Project References
Refactoring History
Run/Debug Settings.

> TaskRepository

@

Allow output foders for source folders

Task Tags

Valdation

et Defaut output folder
brarybn

= Brojects | =4 Libraries | % Order and Export
SBTce folders on buld patny

Add Folder

Link Source.

Edt

Bemove

Browse.

oK s




JUnit 4.x structure

import org.junit
import static org.junit.Assert.x;

public class C {
b

public void ml() {..}
@Test ’

public void m2() throws Exception {..}

» No tré-catch blocks (exception: checking for exceptions)




JUnit 4.x structure (Before and After)

pub if class C {
Afte
1] PRI . .
#_,@Bg%éivmd REO L g g V0, Iy
public void nl() {...}
@Test
public void ml() {..}

@Test
public void m2() {..}

@ BeforeClas
6 AllerClass



Struture of test cases

Acceplance less

» Test class = one use case

»_JTest method =one scenario

> Usgﬁl_heritﬂ_e to share sample data between use cases

public class SampleDataSetup {
@Before ()

public void setUp() { .. }

QAfter ()

public void tearDown { .. }

festBorrowBooE)extends SampleDataSetup {..}

public class



JUnit assertions

General assertion

import static org.junit.Assert.x;

Ebexp})) lltw«l slehe Aﬁl’.as&evﬂ_\rue(...)
assertTrue (msg, bexp

Specialised assertions for readability

1. assertFalse (bexp) OSynq;'ue(! }xx,o)

2. fail()  osserfTrue( foke)

3. assertEquals (exp,act) o;‘sqrrrme/-exr.e fh@lc (QCJ-))
4. assertNull (ob7j) a;sgy-[--ll("(on == mq)

5. assertNotNull (ob7) stey{-’l—rue(ala' !:‘Vull)



JUnit: testing for exceptions

» Test that method m() throws an exception MyException

@Test
public void testMThrowsException() {
try {
m();
fail(); // If we reach here, then the test fails because
// no exception was thrown
} catch (MyException e) {
// Do something to test that e has the correct values

}

}
» Alternative

@Test (expected=MyException.class)
public void testMThrowsException() {..}
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Test-Driven Development

» Test before the implementation
»\Tests = expectationsyon software

» All kind of tests: unit-, component-, system tests




TDD cycle

» Repeat
(‘red-)Create a failing test

green: Make the test pass
refactor> _clean up your code —> seftiave

>@I. no more ideas for tests o
» Important: One test at a time




|deas for tests

1. Use case scenario Acceptance tests

2. Possibility for defects (missing code): Defect tests ?Qawssbu fed

3. You want to writé ¢ode than is necessary to pass the
test

4. Complex behaviour of classe Class bt

5. £ode experiments: "How does the system behave, if ...”

— Make a list of new test ideas




TDD example: Borrow Book

» Use case

name: borrow book

description: the user borrows a book

actoruser

main scenario:\
._the user borrows a book

alternative scenario
. the user wants to borrow a book, but has alrea@
arrowed

2. the system presents an error message




Create a test for the main scenario

test data;
» a user with CPR ”"1234651234” and book with signature
"Som001”

» Test case
» Retrieve the user with CPR number "1234651234”
Retrieve the book by the signature "Som001”
The user borrows the book
The book is in the list of books borrowed by that user

v vy



Create a test for the main scenario

@Test
public void testBorrowBook () throws Exception {

String cprNumber = "1234651234";
Usef user/= libApp.userByCprNumber (cprNumber) ;

assertEquals (cprNumber, user.getCprNumber () ) ;

String ignature = "Som001";

Boo /= 1libApp.bookBySignature (signature);
assertEquals (signature, book.getSi ure ());

List<Book> borrowedBooks = fffi;g%g%géégifﬁﬁggfjjg;_7
assertFalse (borrowedBooks.contai i v
%%ET;EE%?waook(book); .
borrowedBooks = user.getBorrowedBooks () ; S'2£_=.0
assertEquals (1,borrowedBooks.size());

assertTrue (borrowedBooks.contains (book)) ;




Implement the main scenario

public void borrowBook (Book book) {
borrowedBooks.add (book) ;

}



Create a test for the alternative scenario

» test data:
» a user with CPR "1234651234), book with signature
an@wn; signatures "book1”, ...,

"book10”
» Test case

» Retrieve the user with CPR number "1234651234”
» Retrieve and_borrow the books with signature "haokd”, ...,

» Retrieve and borrow the book by the signature "Som001”
» Check that a TooManyBooksExceMs thrown

L —




Implementation of the alternative scenario

public yvoid borrowBook (Book book) throws TooManyBooksException
—=F ook o —reteEny —> Needs oJe:J-(:"i«;}
if (borrowedBooks.size () >= 10) {
throw new TooManyBooksException () ;
}
borrowedBooks.add (book) ;
}




More test cases

» What ens if book == null in borrowBook?
> Test Case:

» Retrieve the user with CPR number "1234651234”
» Call the borrowBook operation with the null value
» Check that the number of borrowed books has not changed



Final implementation

public void borrowBook (Book bghbk) throws TooManyBooksException
if (book == null) return;
if (borrowedBooks.size () >= 10) {
throw new TooManyBooksException () ;
}
borrowedBooks.add (book) ;
}



Another example

» Creating a program to generate th n-m

— Codemanship’s Test-driven Developmen%ava by Jason

Gorman

- _http://youtu.be/nt2KKUSSJIsY

» Note: Uses JUnitMax to run JUnit tests automatically
whenever the test files change (junitmax.com)



http://youtu.be/nt2KKUSSJsY
junitmax.com

Refactoring and TDD

» Third step in TDD

the system without&hanging s functionality

» Goal: improve the design of the system, e.g. remove code
dupllcatlon (DRY prlnC|pIe)

?chDD i}

» Requirgagoodes




Design and TDD

1. System level;
» Rough system design: component diagram, class diagram,

CUse case ow:

» design a possible solution, e.g. using class diagrams.
sequence diagrams

» Important:
» Implement the design using TDD

» Addn ts / use case scenarios as you go along
apt the designas needed (Refactoring)




TDD: Advantages

» Test benefi
> nly write production code to make a
ol

» Design benefits

> Help@'ﬁes‘yﬂa@: defines usage of the system

before the system is implemented

Testable systen
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How to use Date and calendar (I)

» Date class deprecated

» Calendar and GregorianCalendar classes

» An instance of Calendar is created by

new GregorianCalendar () // current date and time
new GregorianCalendar (2011, Calendar.JANUARY, 10)

» Note that the month is 0 based (and not 1 based). Thus 1
= February.

» Best is to use the constants offered by Calendar, i.e.
Calendar.JANUARY



How to use Date and calendar (I)

» One can assign a new calendar with the date of another by
newCal.setTime (o0ldCal.getTime ())

» One can add years, months, days to a Calendar by using
add: e.g.

cal.add(Calendar.DAY_OF_YEAR, 28)

» Note that the system roles over to the new year if the date
is, e.g. 24.12.2010

» One can compare two dates represented as calendars
using before and after, e.qg.

currentDate.after (dueDate)
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Problems

» How to test that a book is overdue?

LibraryApp

q getDate'j—————

{

return new GregorianCalendar()

}

» Solution: Create a mock object returning fixed dates
» Problem: Can’t replace GregorianCalendar class



Creating a DateServer class

{
return dateServer.getDate()
}

}

oo A
T
‘

/ DateServe:7 — ' return new GregorianCalendar();

f\
]MDLD ‘HA(S‘ Dg}[ch'

getDate '




Creating a DateServer class

» The DateServer can be mocked

{
return dateServer.getDate()
}

T
|
|
|
}

LibraryApp
T

'

getDate '

moc,

dateServer

getDate

return a fixed date




How to use

» Import helper methods
ﬁimport static org.mockito.Mockito.*;

» Create a mock object on a certain class

C SomeClasy mockObj = mock (SomeClass.class)
» return a predefined value for m1 (args) —

when (mockObj.ml (args) ) .thenReturn (someObj) ;
» verify that message m2 (args) has been sent

verify (mockObJ\.m2 (args) ;




Mock Example 1: Overdue book

@Test

public void testOverdueBook () throws Exception {
DateServer dateServer =_mock (DateSexrver.class);
libApp.setDateServer (dateServer) ;
CalendaT cal = new GregorianCalendar (2011, Calendar.JANUARY, 10);

when (dateServer.getDate ()) .thenRetnrn(cal);
user.borrowBook (haak)

newCal = new GregorianCalendar () ;

newCal.setTime (cal.getTime ());

(oSWCab add (Calendar.DAY_OF_YEAR, MAX_DAYS_FOR_LOAN + 1);
yhen(dateServer.qetDate()).thenReturn(newCal);

assertTrue (book.isOverdue () ) ;



LibraryApp Code

{ j
return dateServer.getDate()
}

|
LibraryApp
T

getDate '

{
return new GregorianCalendar();
B

public class LibraryApA/(

private DateServer ds = new DateServer();
public setDateServer (DateServer ds) { this.ds = ds;}
—_—

public class DateServer {
public Calendar getDate() {
return new GreogorianCalendar();

}



Testing for e-mails

Returns a fixed
mock(DateServer.class __|date
mESEveR e —————

~ getDate
S~ LibraryApp

return dateServer.getDate()

getDate
sendEmailReminder

= s that
mock(MailService.class ¢
R
- ) sent
mailService.send(...) A——

;

@Test

public void testEmailReminder () throws Exception {
DateServer dateServer = mock (DateServer.class);
libApp.setDateServer (dateServer);
MailService mailService = mock (MailService.class);
libApp.setMailService (mailService);

libApp.sendEmailReminder () ;
verify (mailService) .send("..","..",




Verify

Check that no messages have been sent

verify (ms,never()) .send(anyString(), anyString(), anyString());

ockito documentation: httE ://docs.mockiton
googlecode.com/hg/org/mockito/Mockito.html



http://docs.mockito.googlecode.com/hg/org/mockito/Mockito.html
http://docs.mockito.googlecode.com/hg/org/mockito/Mockito.html
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Next Week

» Bystematic testg and éode coverage )

»_Exam project introduction

» Group forminarticipation in the lecture
—

» Group forming: next week
» Either you are personally present or someone can speak
for you
> If not, then there is no guarantee for participation in the
exam project
e PR

31'00:‘9 sies. 2 — &
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