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Whoam11?

Apache committer for
B OJB (http://db.apache.org/ojb)
B DdlUtils (http://db.apache.org/ddlutils)

Work for
B Fraunhofer FIRST research institute
http://first.fraunhofer.de/en/home

m JTSO
http://www.itso.de




‘Unit’ ?

‘unit’;
B The testing technique, not the goal
B Fully automated testing

Actually we’re doing functional testing

B User interface = what the user works
with
B Defined by the requirements




Sample: Login

Requirement:

“Access to the non-public parts of the
web application is only permitted

after a successful login via username
and password.”




Sample: Login

|
Tests should include
Normal valid login

Wrong username

Wrong password

No username

No password

Access to public page
Access to restricted page

Access to auxiliary content, e.g. images,
stylesheets




esting web apps ?

[esting user interfaces is hard

Manual = cumbersome, error-prone

Simply too much work

Automatic is technically difficult
B No simple I/O system

B User interface runs in an external
program, the browser




hen why ?

Regression tests

Much faster than manually -2

higher coverage in each run

Can be derived from the

requirements
B Testable specification
B Allow to refine the requirements




Luckily ...

[here are ways to test user interfaces
automatically

3 types for web applications
B Mimic the client

B Control the user interface

B Record & replay




Sample web application

We need a sample to talk about

First version of an online Spanish language
trainer

Currently is able to:

B Add words of various types (verbs, substantives,
adjectives ...)

B Show words including their grammatical forms
(conjugations, declinations, ...)

B Search for words
Missing:

B Training modules
B Administration




Sample web application: Model

Article Adverb Substantive DeclinationForm
deterministic : boolean imregularComparative : String plural : String text : String
singularFeminine : String imregularSuperative : String feminine : boolean person: (...)
pluralMasculine : String invariant : boolean
pluralFeminine : String I 0..*

imregularDeclinationForms
Adjective
v v invariant : boolean
Verb ive * bool
Word postSubstantive : boolean
. preSubstantive : boolean
orthographicChange : (... . . . .
anic?rflep' IStrin ge: () > origin : String —_—— imegularComparativeMasculine : String
P p_ . 9 text : String imregularComparativeFeminine : String
gerund : String . . . )
) iregularSuperativeMasculine : String
transiations imregularSuperiativeFeminine : String
iregularConjugationForms
0.*
7 1.*
ConjugationForm Translation Pronoun
person: (...) text : String person: (...) Preposition
conjugationType : (...) language : (...) pronounType : (...)




Sample web application: Technical view

Normal Java/JSP web application

At runtime uses

Struts for the user interface

DWR for AJAX

Displaytag for tables in the web pages
OJB for the database interactions (ORM)
Spring for the integration & simplification
Acegi for the authentication/authorization
Furthermore, at deploy time

B XDoclet for generating the config files
B DdlUtils for initializing the database




Sample web application: Project layout

<root folder>
- src
- java
- test
- build
- test
-> Tib
- jrex_gre
- webapp
- WEB-INF
> Jjsp
- classes
-> T1ib




Mimic client

No real browser
Rather the tool simulates one

Problems:
B HTML/CSS compliance & extensions
B JavaScript/DOM

Can be used without graphics
(headless)




HtmIUnit

http://htmlunit.sourceforge.net/
Apache style license

Supports most browser features
HTTP/HTTPS

Form submit (POST, GET)

Clicking links

DOM

JavaScript

AJAX (XMLHttpRequest)




HtmlUnit: Sample test

public class HtmlUnitTest extends TestCase

{

pubTlic void testLogin() throws Exception

{
webClient webClient = new webClient(Browserversion.MOZILLA_1_0);

webClient.setRedirectEnabled(true);
webClient.setJavaScriptEnabled(false);

URL url
HtmlPage page

new URL("http://Tocalhost:8080/SpanishTrainer/index.jsp");
(HtmTPage)webClient.getPage(url);

assertTrue(page.getwebResponse().getUr1().toString().startswith(
"http://Tocalhost:8080/SpanishTrainer/login.do"));

HtmTForm form = (HtmlForm)page.getForms().get(0);
HtmlSubmitInput button = (HtmlSubmitInput)form.getInputByvalue(
getMessage("view.login.submit"));

form.getInputByName("j_username").setvalueAttribute("someuser");
form.getInputByName("j_password").setvalueAttribute("somepassword™);
button.click(Q);

webwindow webwindow = (Webwindow)webClient.getwebwindows().get(0);
page = (HtmlPage)webwindow.getEnclosedPage();

assertEquals("http://Tocalhost:8080/SpanishTrainer/login.do?failed=true",
page.getwebResponse() .getUr1().toString());




Record & replay

est is performed once manually
he tool records the interaction

Playback constitutes the test
B Request-only (server-interaction)
B Against the browser (user-interaction)

Usually expressed in code (Java,
scripting language)




IBM Rational Functional Tester

http://www.ibm.com/software/awdtools/tes
ter/functional/index.htmi

Mixture of Record & Replay and Control the
UI

Commercial product

Eclipse or Visual Studio .Net based
workbench

Scripts in Java or Visual Basic .Net

Browser is controlled by a plugin/ActiveX
control




IBM Rational Functional Tester: Sample test

public class Login extends LoginHelper

{
public void testMain(Object[] args)
{
startApp("http://Tocalhost:8080/SpanishTrainer/index.jsp");
text_j_username().click(atpPoint(57,7));
browser_htmlBrowser (document_spanishTrainerLogin() ,DEFAULT_FLAGS)
.inputKeys("someuser{TAB}");
browser_htmlBrowser (document_spanishTrainerLogin() ,DEFAULT_FLAGS)
.inputcChars("somepassword™);
button_loginsubmit().click();
FailedLoginvP().performTest();
text_j_username2().click(atPoint(77,9));
browser_htmlBrowser (document_spanishTrainerLogin3(),DEFAULT_FLAGS)
.inputChars("someuser™);
text_j_password().click(atpPoint(73,12));
browser_htmlBrowser (document_spanishTrainerLogin3() ,DEFAULT_FLAGS)
.inputChars("abc");
button_loginsubmit2().click();
SuccessfulLoginvP() .performTest();
ks




Control the user interface

Browser is controlled by the test

Needs a real browser
B - Testing e.g. Safari needs a Mac

Real browser = real environment

Differences in how the browser is
controlled

B Embedded browser

B Test environment in the browser




Selenium

http://selenium.thoughtworks.com/
License ? (Open source)

JavaScript engine embedded in the
browser

WO modes

B Test encoded as a web page
(TestRunner mode)

B Remote process drives the engine
(Driven mode)

Remote Drivers can be Java, Ruby, ...




Selenium

Last Four Commands

Se¢ 34 w Functional type(name=j_password, somepassword)
e 1l Testing for Web Apps clickAndWait(xpath=//input[@value="Login'])
-8 08 Open Source From ThoughtWorks, Inc |type(name=j_username, someuser)

850 and Friends type(name=j_password, abc)

Slow Mode: O

Tools
|7| ViewDOM || ShowLog

Spanish Trainer

Wrong name and/or password entered. Please try again.

MName: someuser
Password: ™




Selenium: Sample test

public class SeleniumTest extends TestCase

{
public void testLogin()

{
File webappDir

Selenium selenium

new File("./webapp");
new DefaultSelenium(webappDir);

selenium.start();

selenium.open("/index.jsp");

selenium.type(''name=j_username", "someuser");

selenium.type(''name=j_password", "somepassword");

selenium.clickAndwait("xpath=//input[@value=""+
getMessage('"view.login.submit")+""]1");

selenium.type(''name=j_username", "someuser");

selenium.type(''name=j_password", "abc");

selenium.clickAndwait("xpath=//input[@value=""+
getMessage('"view.login.submit")+""]1");

selenium.verifyLocation("/index.jsp");




What of the server ?

Web apps run on both the client and
the server

Interesting info on the server-side
B Session

B Requests & responses

[ests for complex web apps may
need the server-side




Introducing Floyd

Apache license

Named after Floyd, the robot assistant in
Infocom adventures Planetfall & Stationfall

Browser-control approach

B Embedded browser

B Controlled via public API & DOM

Also embedded web server possible

B Again public API and some customizations
B Allows access to session, requests

Tests can be independent of concrete
browser/server




Components

Client

JRexBrowser
&

>

<<interface>>
Browser

DOMHelper \

<<interface>>
Server

Server

JettyServer
ol




est execution setup

]
Required

B The web application itself
B The server libraries if embedded

B The browser libraries (possibly including native
libraries)

B The test infrastructure (JUnit, Floyd)

Embedded web server is preferable
B More control in the tests

B Possibly faster startup/shutdown

B But not always possible (e.g. EJBs)

B Needs JDK (tools.jar) for JSPs




Basic testing: Start

We start with something simple:
B Start the web server
B Start the browser

B Load the start page of the sample web
application

B Stop the browser
B Stop the web server




Basic testing: Test base class

public abstract class GuiTestBase extends TestCase

{

protected Server _server;
protected Browser _browser;

protected void setUp() throws Exception

{
_server = new JettyServer();
_server.registerwebapp("/SpanishTrainer", "./webapp");
_server.start(Q;
_browser = new JRexBrowser();
_browser.start(Q;
}
protected void tearbDown() throws Exception
{
_browser.close();
_browser.destroy(Q);
_server.stop();
_server.destroy();
}




Basic testing: Loading the first page

public class GuiTest0 extends GuiTestBase

{
public void testSimple() throws InterruptedException
{
_browser.loaduRIAndwaitForCompletion(
"http://localhost:8080/SpanishTrainer/index.jsp");
Thread.sleep(10000);
}




Basic testing: The login

Slightly more difficult: the login

[est steps:

B Enter wrong data

Press submit button

Check that we're back on the login page
Enter correct data

Press submit button

Check that we’re logged in




Basic testing: Checking the page

public class GuiTestl extends GuiTestBase

{

public void testLogin()

{
_browser.loaduRIAndwaitForCompletion(

"http://localhost:8080/SpanishTrainer/index.jsp");
String currentUri = _browser.getCurrentURI().toString();
assertTrue(currenturi.startswith(
"http://localhost:8080/SpanishTrainer/login.do"));
3




Basic testing: The login page

<%@ page contentType="text/html; charset=IS0-8859-1" pageEncoding="1S0-8859-1" %>
<%@ include file="taglibs.jsp"%>
<html:html>
<head>
<meta name="PageName" content="login"/>
<title><bean:message key="view.login.title"/></title>
</head>
<body>
</body>
</html:html>




Basic testing: A better way to check

public class GuiTestl extends GuiTestBase

{
public void testLogin()
{
_browser.loaduRIAndwaitForCompletion(
"http://localhost:8080/SpanishTrainer/index.jsp");
asserteEquals("login",
_browser.getMetaElement("PageName') .getContent());
3




Basic testing: The form

<form method="POST" action="j_acegi_security_check">
<table width="100%" border="0" cellspacing="0" cellpadding="2">
<tr><td valign="top" colspan="2">
<fieldset>
<table cellspacing="0" cellpadding="0"><tr>
<td><bean:message key="view.login.name"/>:&nbsp;</td>
<td><input type="text" name="j_username"/></td>
</tr><tr>
<td><bean:message key="view.login.password"/>:&nbsp;</td>
<td><input type="password" name="j_password"/></td>
</tr></table>
</fieldset>
</td></tr><tr><td>
<fieldset>
<table cellspacing="0" cellpadding="0" width="100%"><tr>
<td align="right">
<input type="submit" value="<bean:message key='view.login.submit'/>"/>
</td>
</tr></table>
</fieldset>
</td></tr>
</table>
</form>




Basic testing: Entering data

public class GuiTestl extends GuiTestBase

{
public void testLogin()
{
HTMLInputElement usernameInput = (HTMLInputElement)
_browser.getElementByName("j_username");
HTMLInputElement passwordInput = (HTMLInputElement)
_browser.getElementByName("j_password");
usernameInput.setvValue("someuser");
passwordInput.setvalue("somepassword");
}




Basic testing: Entering data (II)

public class GuiTestl extends GuiTestBase

{

public void testLogin()

{
_browser.setFormInputByName("j_username", "someuser");
_browser.setFormInputByName("j_password", "somepassword");
_browser.getSubmitButton().click(Q;
_browser.waitForLoadCompletion();

}




Basic testing: Login page revisited

<form method="POST" action="j_acegi_security_check">
<table width="100%" border="0" cellspacing="0" cellpadding="2">
<tr><td valign="top" colspan="2">
<fieldset>
<c:if test="${param.failed}">
<div id="failedmsg" style="color:tomato;">
<bean:message key="view.login.failed"/>
</div><br/>
</c:if>
<table cellspacing="0" cellpadding="0"><tr>
<td><bean:message key="view.login.name"/>:&nbsp;</td>
<td><input type="text" name="j_username"/></td>
</tr><tr>
<td><bean:message key="view.login.password"/>:&nbsp;</td>
<td><input type="password" name="j_password"/></td>
</tr></table>
</fieldset>

</td></tr>
</table>
</form>




Basic testing: Checking for failure

public class GuiTestl extends GuiTestBase

{
public void testLogin()
{
asserteEquals("login",
_browser.getMetaElement("PageName™) .getContent());
String divContent = _browser.getElementById(''failedMsg") .getTextContent();
assertEquals(ResourceBundle.getBundle("application")
.getString("view.login.failed"),
divContent);
}




Basic testing: Resource helper

public abstract class GuiTestBase

{

protected String getMessage(String key)

{
return ResourceBundle.getBundle("application").getString(key);

}




Basic testing: Entering correct data

public class GuiTestl extends GuiTestBase
{

public void testLogin()

{

_browser.setFormInputByName("j_username", "someuser");
_browser.setFormInputByName("j_password", “abc");
_browser.getSubmitButton().click(Q;
_browser.waitForLoadCompletion();

assertEquals(“index",
_browser.getMetaElement("PageName") .getContent());




Basic testing: Checking the session

public class GuiTestl extends GuiTestBase

{

public void testLogin()

{
HttpSession session = _server.getSession();
Securecontext context = (SecureContext)session.getAttribute(

HttpSessionContextIntegrationFilter.ACEGI_SECURITY_CONTEXT_KEY);
Authentication auth = context.getAuthentication();
AuthenticatedUser user = (Authenticateduser)auth.getPrincipal ();
assertEquals(“someuser",
user.getUsername());
}




Basic testing: Checking the session (II)

public class GuiTestl extends GuiTestBase

{

public void testLogin()

{
String userName = _server.extractvValueFromSession(

"ACEGI_SECURITY_CONTEXT.authentication.principal.username");
asserteEquals(“someuser",
userName) ;
}




Basic testing: Doing more things

Now to do something:

B Login

Click the link for searching for a word
Enter a word

Click the search button

Check the detail page for that word




Basic testing: Clicking a link

public class GuiTest2 extends GuiTestBase

{

public void testSearchForAword()

{
_browser.loaduRIAndwaitForCompletion(

"http://localhost:8080/SpanishTrainer/index.jsp");
_browser.setFormInputByName("j_username", "someuser");
_browser.setFormInputByName("j_password", “abc");
_browser.getSubmitButton().click(Q;
_browser.waitForLoadCompletion();
HTMLAnchorElement anchor = _browser.getAnchorByText(
getMessage('"view.menu.searchForword"));
3




Basic testing: The menu JSP

<table width="150" border="0" cellspacing="1" cellpadding="0">
<tr><td class="navi">
<a style="text-decoration: none; color: #4C7DA2"
href="<html:rewrite action='/initSearchForword'/>">
<bean:message key="view.menu.searchForword"/>
</a>
</td></tr>
<tr><td class="navi'">
<a style="text-decoration: none; color: #4C7DA2“
href="<html:rewrite action='/initShowAllwords'/>">
<bean:message key="view.menu.showAllwords"/>
</a>
</td></tr>
<tr><td class="navi'">
<a style="text-decoration: none; color: #4C7DA2"
href="<html:rewrite action='/initAddoreditwordsession'/>">
<bean:message key="view.menu.addword"/>
</a>
</td></tr>
<tr><td><br/></td></tr>
<tr><td class="navi">
<a style="text-decoration: none; color: #4C7DA2“
href="<html:rewrite action='/logout'/>">
<bean:message key="view.menu.logout"/>
</a>
</td></tr>
</table>




Basic testing: DOM Events

JRexNodeImpl
JRexXHTMLDocumentImpl
JRexEventTargetImpl
JRexMouseEventImp]l

JRexDocumentVviewImpl

realNode

= (JRexNodeImpl)element;

dom = (JRexHTMLDocumentImpl)getDOM() ;
clickEvent = (JRexEventTargetImpl)realNode.getEventTarget();
mouseEvent = (JRexMouseEventImpl)dom.getDocumentEvent()

docVview

mouseEvent.initMouseEvent("click",

true,

false,
docview.getbDefaultview(),
1,

0, 0,

0, 0,

false,

false,

false,

false,
(short)buttonNumber,
clickEvent);

clickEvent.dispatchEvent(mouseEvent);

.createEvent(''MouseEvents");

(JRexDocumentViewImpl)dom.getDocumentVview() ;

/7 type

// can bubble ?
// can be canceled ?
// the view

s/ detail (?)

// screen x, y
s/ client x, y
// control key 7
/7 alt key ?

// shift key 7
// meta key ?
// which button




Basic testing: Clicking a link (II)

public class GuiTest2 extends GuiTestBase

{

public void testSearchForAword()

{
HTMLAnchorElement anchor = _browser.getAnchorByText(

getMessage('view.menu.searchForword™));

_browser.click(anchor);
_browser.waitForLoadstart();
_browser.waitForLoadCompletion();

}




Basic testing: Checking the result

public class GuiTest2 extends GuiTestBase

{
public void testSearchForAword()

{

_browser.clickAnchorByText(getMessage("view.menu.searchForword"), true);
_browser.waitForLoadCompletion();

assertEquals("search",
_browser.getMetaElement("PageName') .getContent());

_browser.getFormInputByName("'searchText").setvalue(“cerveza");
_browser.getSubmitButton().click();
_browser.waitForLoadCompletion();
asserteEquals("showword",

_browser.getMetaElement("PageName') .getContent());




Basic testing: Detail page

<body>
<fieldset>
<legend id="showwordLegend"><c:out value="${word.text}"/></Tegend>
<table width="100%" cellspacing="0" cellpadding="0">
<tr><td width="100%" id="wordType">
<bean:message key="view.showword.type"/>:&nbsp;<c:out value="${word.type}"/>
</td></tr>
<tr><td colspan="8">
<table width="100%" cellspacing="5" cellpadding="5">
<tr><td colspan="2" width="100%">
<bean:message key="view.showword.translations"/>
</td></tr>
<c:foreach var="curTranslation" items="${word.translations}*
varStatus="curStatus">
<tr><td width="33%">
<b><c:out value="${curTranslation. language}"/></b>
</td><td width="66%" id="translation[${curstatus.index}]">
<c:out value="${curTranslation.text}"/>
</td></tr>
</c:foreach>
</table>
</td></tr>




Basic testing: Detail page (II)

<c:choose>
<c:when test="${word.invariant}">
<tr><td id=“invariant">
<bean:message key="view.showword.substantive.invariant"/>
</td></tr>
</c:when>
<c:otherwise>
<tr><td>
<table width="100%" cellspacing="5" cellpadding="5">
<tr><td width="33%">
<b><bean:message key="view.showword.substantive.gender"/></b>
</td><td width="66%" id="gender">
<c:choose>
<c:when test="${word.feminine}"><bean:message key="view.showword.feminine"/></c:when>
<c:otherwise><bean:message key="view.showword.masculine"/></c:otherwise>
</c:choose>
</td></tr>
<tr><td>
<b><bean:message key="view.showword.substantive.plural”/></b>
</td><td width="66%" id="plural">
<c:out value="${plural}"/>
</td></tr>
</table>
</td></tr>
</c:otherwise>
</c:choose>




Basic testing: Checking text

public class GuiTest2 extends GuiTestBase

{
public void testSearchForAword()

{

HTMLLegendElement legend = (HTMLLegendElement)DOMHelper.getFirstChildofType(

_browser.getboM(), "legend", true);

assertEquals(“cerveza",
Tegend.getTextContent().trim());

Element wordTypeElem = _browser.getElementById("wordType");

assertEquals(getMessage("view.showword. type") + ": " +
getMessage("spanishtrainer.model.wordTypeEnum.6"),
wordTypeElem.getTextContent().trim());




Basic testing: Checking text (II)

public class GuiTest2 extends GuiTestBase

{
public void testSearchForAword()

{

assertEquals('cerveza",
_browser.getElementContentById("showwordLegend").trim());
assertEquals(getMessage("view.showword. type") + ": " +
wordTypeEnum.SUBSTANTIVE.toString(),
_browser.getElementContentById("wordType").trim(Q));
assertEquals('Bier",
_browser.getElementContentById("translation[0]").trim());
assertEquals("beer",
_browser.getElementContentById("translation[1]").trim());
assertNull(_browser.getElementById("invariant"));
assertEquals(getMessage("view.showword. feminine"),
_browser.getElementContentById("gender").trim());
assertEquals('cervezas",
_browser.getElementContentById("plural™).trim(Q));




Data-driven testing

Web apps deal with data(bases)
B Use, present, manipulate

Web pages change with the data
B Empty vs. full shopping basket

[hus tests have to deal with data too
B For preparing the test
B For driving the test




Data-driven testing: Check all words

Sample test(s):

B For every word in the database
[l Login
[1 Go to search page
[0 Enter the word into the input field
[1 Press the submit button

[0 Verify that the detail page shows the word
correctly




Data-driven testing:
Parameterized test case pattern

A JUnit pattern

B Test case instances are not created by
JUnit but in the test itself

B They are then added to a test suite
B JUnit executes this suite

Benefits:

B Test instances can have parameters

B Creation is not limited to constructors

B Non-static data can be global to the tests




Data-driven testing: The test case

public class GuiTest3 extends SpringifiedGuiTestBase

{
private wordDAO _wordDAO;

public wordDAO getwordDAO()

{
return _wordDAO;
ks
public void setwordbAO(WordDAO wordbDao)
{
_wordDAO = wordDao;
}




Data-driven testing:

he test case (II)

public abstract class SpringifiedGuiTestBase extends AbstractDependencyInjectionSpringContextTests

{

protected static final String[] CONFIG_LOCATIONS = new String[] { "applicationContext-database.xml",

protected Server _server;
protected Browser _browser;

protected String[] getcConfigLocations()

{
return CONFIG_LOCATIONS;
}
protected void onsetUp() throws Exception
{
_server = new JettyServer();
_server.registerwebapp("/SpanishTrainer", "./webapp");
_server.start();
_browser = new JRexBrowser();
_browser.start();
}

protected void onTearbown() throws Exception
{

_browser.close();

_browser.destroy();

_server.stop();

_server.destroy();

"applicationContext-test.xml" };

}
protected String getMessage(String key)
{
return ResourceBundle.getBundle("application").getString(key);
}




Data-driven testing: Configuration

<beans default-autowire="no" default-lazy-init="false" default-dependency-check="none">
<bean id="authenticationDA0" class="spanishtrainer.security.AcegiAuthenticationDAO">
<property name="userDAO" ref="userbDA0"/>
</bean>
<bean name="wordbDAO" class="spanishtrainer.database.wordbAOoImpl"/>
<bean id="userbA0" class="spanishtrainer.database.UserbA0Impl"/>

<bean 1id="propertyConfigurer"”
class="org.springframework.beans.factory.config.PropertyPlaceholderConfigurer">
<property name="locations">
<list><value>classpath:jdbc.properties</value></1list>
</property>
</bean>

<bean id="dataSource"
class="org.springframework.jdbc.datasource.DriverManagerbataSource">
<property name="driverClassName"><value>${jdbc.driverClassName}</value></property>
<property name="url"><value>${jdbc.runtime.url}</value></property>
<property name="username"><value>${jdbc.username}</value></property>
<property name="password"><value>${jdbc.password}</value></property>
</bean>

</beans>




Data-driven testing: DAO class

/7': *
* @spring.bean name="wordDAO"
7':/
public class wWordbDAOImpl extends PersistenceBrokerbDaoSupport implements wordDAO

{

public Collection getAllwords() throws DataAccessException

{

return getPersistenceBrokerTemplate().getCollectionByQuery(
createQuery(word.class, null));




Data-driven testing: Back to the test

public class GuiTest3 extends SpringifiedGuiTestBase
{
public static Test suite() throws Exception

{

TestSuite suite
GuiTest3 test

new TestSuite();
new GuiTest3();

test.setUp();
for (Iterator it = test.getwWordbAo().getAlIwords().iterator(); it.hasNext();)

{
word word = (Word)it.next();

switch (word.getType().getvalue())
{

case Wwo rdTypeEnum .VALUE_SUBSTANTIVE:
suite.addTest(test.new SubstantiveTest((Substantive)word));
break;

case WordTypeEnum.VALUE_VERB:
suite.addTest(test.new VerbTest((verb)word));
break;

ks
ks

return suite;




Data-driven testing: Test base class

public class GuiTest3 extends SpringifiedGuiTestBase

{
public class WordTestCase extends TestCase
{
protected void setUp() throws Exception
{
_browser.ToadURIAndwaitForCompletion(
"http://localhost:8080/SpanishTrainer/index.jsp");
_browser.setFormInputByName("j_username", "someuser");
_browser.setFormInputByName("j_password", "abc");
_browser.getSubmitButton().click();
_browser.waitForLoadCompletion();
ks
protected void tearDown() throws Exception
{
_browser.clickAnchorByText(getMessage("view.menu.logout™), false);
}
}




Data-driven testing: Test base class

pubTlic class WordTestCase extends TestCase

{

protected void searchForword(word word)

{

_browser.clickAnchorByText(getMessage("view.menu.searchForword"), false);
_browser.waitForLoadCompletion(2000);

assertEquals("search",
_browser.getMetaElement ("PageName").getContent());

_browser.getFormInputByName("searchText").setvalue(word.getText());
_browser.getsubmitButton().click();
_browser.waitForLoadCompletion();

asserteEquals("showword",
_browser.getMetaElement ("PageName").getContent());
assertEquals(word.getText(),
_browser.getElementContentById("showwordLegend").trim());
assertEquals(getMessage("view.showword.type™) + ": " + word.getType().tostring(),
_browser.getElementContentById("wordType™).trim());

int idx = 0;

for (Iterator it = word.getTranslations().iterator(); it.hasNext(); idx++)
{
asserteEquals(((TransTlation)it.next()).getText(),
_browser.getElementContentById("translation["+idx+"]").trim());




Data-driven testing: Concrete test class

public class SubstantiveTest extends WordTestCase

{

private Substantive _substantive;

pubTlic SubstantiveTest(Substantive substantive)

{
setName("testSubstantive");
_Substantive = substantive;
3
pubTlic void testSubstantive()
{
searchForword(_substantive);
if (_substantive.isInvariant())
{
assertNotNull(_browser.getElementById("invariant"));
}
else
{
assertNull(_browser.getElementById("invariant™));
ks
assertEquals(getMessage(_substantive.isFeminine() ?
"view.showword.feminine“
"view.showword.masculine"),
_browser.getElementContentById("gender").trim());
assertEquals(new Grammar().getPluralForm(_substantive),
_browser.getElementContentById("plural™).trim(Q));
ks




Data-driven testing: DB Manipulation

[ests need specific data

One-time setup before the tests gets
complicated easily

Better: DB setup in the tests

Equally important then: cleanup after
the test

Lots of ways to manipulate the DB
B DAOs, Spring, DbUnit, JDBC, ...
B We already used DdlUtils




Data-driven testing: Schema

<database name="SpanishTrainer">

<table name="verb'">

<column
<column
<column
<column
<column
<column
</table>

name="1id" type="INTEGER" primaryKey="true" required="true"/>
name="origin" type="VARCHAR" size="254"/>

name="text" type="VARCHAR" size="254"/>

name="orthochange" type="INTEGER"/>

name="participle" type="VARCHAR" size="254"/>

name="gerund" type="VARCHAR" size="254"/>

<table name="conjform">

<column
<column
<column
<column
<column

name="1id" type="INTEGER" primaryKey="true" required="true"/>
name="verbid" type="INTEGER"/>

name="type" type="INTEGER"/>

name="person" type="INTEGER"/>

name="text" type="VARCHAR" size="254"/>

<foreign-key foreignTable="verb">
<reference local="verbid" foreign="1id"/>
</foreign-key>

</table>
</database>




Data-driven testing: Master data

<data>

<verb 1d="17" origin="Avance, Nivel Elemental, uUnidad preliminar" text="decir"
orthochange="1" gerund="diciendo" participle="dicho"/>
<translations 1id="33" termid="17" Tanguage="1" text="sagen"/>
<translations 1id="34" termid="17" Tanguage="2" text="to say"/>
<conjform id="3" verbid="17" type="6" person="1" text="digo"/>
<conjform id="4" verbid="17" type="6" person="2" text="dices"/>
<conjform id="5" verbid="17" type="6" person="3" text="dice"/>
<conjform id="6" verbid="17" type="6" person="6" text="dicen"/>
<conjform id="7" verbid="17" type="10" person="1" text="dije"/>
<conjform id="8" verbid="17" type="10" person="2" text="dijiste"/>
<conjform id="9" verbid="17" type="10" person="3" text="dijo"/>
<conjform id="10" verbid="17" type="10" person="4" text="dijimos"/>
<conjform id="11" verbid="17" type="10" person="5" text="dijisteis"/>
<conjform id="12" verbid="17" type="10" person="6" text="dijeron"/>

</data>




Data-driven testing: DatabaseHelper

public class DatabaseHelper

{

public void insertData(String dataAsXml) throws IOException, SAXException
{

DataReader reader = new DataReader();

reader.setModel (getModel());
reader.setSink(new DataToDatabaseSink(getPlatform(), getModel()));
reader.parse(new StringReader(dataAsxml));

}

public void deleteObjects(String tableName, Object[] pks)
{
Table table
DynaBean bean
String pkColumn

getModel () .findTable(tableName) ;
getModel () .createDynaBeanFor(table);
table.getPrimarykeyColumns() [0] .getName();

for (int idx = 0; idx < pks.length; idx++)
{
bean.set(pkColumn, pks[idx]);
getPlatform() .delete(getMode1(), bean);




Data-driven testing: Springification

public class GuiTest4 extends SpringifiedGuiTestBase
{

private static final String TEST_DATA =

"<data>" +

<verb 1d='100"' origin='test' text='dar'/>" +
<translations 1d="100"' termid='100' Tanguage='1l' text='geben'/>" +
<translations id="'101" termid='100' Tanguage='2' text='to give'/>" +
<conjform id="'100"' verbid='100' type='6' person='l' text='doy'/>" +
<conjform id="101"' verbid='100"' type='20' person='1l' text='diere'/>" +
<conjform id='102"' verbid='100"' type='20' person='2' text='dieres'/>" +
<conjform id="103" verbid='100"' type='20' person='3' text='diere'/>" +
<conjform id='104"' verbid='100' type='20' person='4' text='diéremos'/>" +
<conjform id='105" verbid='100' type='20' person='5' text='diereis'/>" +
<conjform id='106"' verbid='100"' type='20' person='6' text='dieren'/>" +

"</data>";
private DatabaseHelper _databaseHelper;

public void setDatabaseHelper(DatabaseHelper dbHelper)

{
_databaseHelper = dbHelper;




Data-driven testing: DB manipulation

public class GuiTest4 extends SpringifiedGuiTestBase

{

public void testDefinedbata() throws IOException, SAXException
{
_databaseHelper.insertbData(TEST_DATA);

try
{
}
finally
{
_databaseHelper.deleteObjects("conjform",
new String[] { "100", "101", "102", "103",
"104", "105", "106" 1});
_databaseHelper.deleteObjects("translations”,
new String[] { "100", "101" });
_databaseHelper.deleteobject("verb", "100");
}




Data-driven testing: Double posting

| est sequence

Login and go to the Add Word page
Add a word with translations
Submit the form

Check the database

Reload the current page

Check the database again




Data-driven testing: Reload test

public class GuiTest5 extends SpringifiedGuiTestBase

{

private DatabaseHelper _databaseHelper;

public void setDatabaseHelper(DatabaseHelper dbHelper)
{

}

_databaseHelper = dbHelper;

public void testFormHandling() throws IOException, SAXException
{
_browser.loadUuRIAndwaitForCompletion(
"http://localhost:8080/SpanishTrainer/index.jsp");
_browser.setFormInputByName("j_username", "someuser");
_browser.setFormInputByName("j_password", "abc");
_browser.getSubmitButton().click(Q;
_browser.waitForLoadCompletion();

_browser.clickAnchorByText(getMessage("view.menu.addword"), true);
_browser.waitForLoadCompletion();




Data-driven testing: Reload test (II)

public class GuiTest5 extends SpringifiedGuiTestBase

{
public void testFormHandling() throws IOException, SAXException

{
try
{

}
finally

{

_databaseHelper.deleteObjects("adverb", "text", "normalmente");

}




Data-driven testing: Reload test (III)

public class GuiTest5 extends SpringifiedGuiTestBase

1
public void testFormHandling() throws IOException, SAXException

{

List radioButtons
HTMLInputElement radioButton

_browser.getElementsByName ("wordType™);
(HTMLInputElement)radioButtons.get(
wordTypeEnum.VALUE_ADVERB - 1);

_browser.click(radioButton, 0);

_browser.setFormInputByName("text", "normalmente™);
_browser.setFormInputByName("origin", "test");

_browser.clickButtonByName ("buttons.addTranslation");
_browser.waitForLoadCompletion();

AddoreditwordrForm form = (AddoreditwWordForm)_server.getSession()
.getAttribute("addoreditwordrForm");

asserteEquals(wWordTypeEnum.VALUE_ADVERB, form.getwordType());
asserteEquals("normalmente", form.getText());
assertEquals("test", form.getorigin());




Data-driven testing: Reload test (IV)

public class GuiTest5 extends SpringifiedGuiTestBase
{
public void testFormHandling() throws IOException, SAXException

{

_browser.getOptionInSelectByName (
"translations[0].Tanguage", LanguageEnum.VALUE_DE - 1)
.setSelected(true);
_browser.setFormInputByName("translations[0].text", "normal");

_browser.clickButtonByName("buttons.addTranslation");
_browser.waitForLoadCompletion();

_browser.getOptionInSelectByName (
"translations[1l].Tlanguage", LanguageEnum.VALUE_EN - 1)
.setSelected(true);
_browser.setFormInputByName("translations[1l].text", "normally");

_browser.clickButtonByvalue(getMessage('"view.addoreditword.adverb.submit™));
_browser.waitForLoadCompletion();




Data-driven testing: Reload test (IV)

public class GuiTest5 extends SpringifiedGuiTestBase

{
public void testFormHandling() throws IOException, SAXException

{

Collection objs = _databaseHelper.getObjects(
"adverb", "text", "normalmente");

assertEquals(1,
objs.size());

DynaBean bean = (DynaBean)objs.iterator().next();

assertEquals("normalmente",
bean.get("text"));

assertEquals("test",
bean.get("origin'));

assertEquals("index",
_browser.getMetaElement("PageName") .getContent());




Data-driven testing: Reload test (V)

public class GuiTest5 extends SpringifiedGuiTestBase

{
public void testFormHandling() throws IOException, SAXException

{
_browser.reloadPage();
// assertFalse(_browser.isShowingDialogBox());
_browser.waitForLoadCompletion();
objs = _databaseHelper.getObjects("adverb", "text", "normalmente");

assertEquals(1l,
objs.size());




esting AJAX

[alk of the day

AJAX = “Asynchronous JavaScript &
XML"

Interaction with the server in

background

Manipulation of the page via
JavaScript & DOM

Lots of libraries & framework

Needs testing more than ever




esting AJAX: Sample web app & AJAX

<dwr>
<allow>
<create creator="spring"
javascript="SearchBean">
<param name="beanName*
value="searchBean"/>
<exclude method="setwordManagement" />
</create>
<create creator="new"“
javascript="SearchResult'">
<param name="class"
value="spanishtrainer.functionality.SearchResult"/>
</create>
<convert converter="bean"
match="spanishtrainer.functionality.SearchResult"/>
</allow>
</dwr>




/** @spring.bean name="searchBean"
public class SearchBean

{

esting AJAX: Sample web app & AJAX

*/

private wordManagement _wordManagement;

/** @spring.property ref="wordManagement" */
public void setwordmanagement(WordManagement management)

{

_wordManagement = manhagement;

}

public SearchResult[] search(String startofword, int maxNumResults)

{

ArrayList result = new ArrayList();

if ((startofword != null) && (startofword.length() > 0))

{

word word = _wordManagement.getword(startofword);

if (word != null)
{

result.add(new SearchResult(word));

}

else

{
for (Iterator it =
it.hasNext();)
{

}

result.add(new

}
}

return (SearchResult[])resu

_wordManagement.getwordsStartingwith(startofword, maxNumResults).iterator();

SearchResult((wWord)it.next()));

Tt.toArray(new SearchResult[result.size()]);




esting AJAX: Sample web app & AJAX

<%@ page contentType="text/html; charset=IS0-8859-1" pageEncoding="1S0-8859-1" %>
<%@ include file="taglibs.jsp“ %>
<html:html>
<head>
<meta name="PageName" content="search"/>
<title>
<bean:message key="view.search.title"/>
</title>
</head>
<body>
<script language="JavasScript" src="/dwr/engine.js" type="text/javascript"/>
<script language="Javascript" src="/dwr/util.js" type="text/javascript"/>
<script language="3Javascript" src="/dwr/searchBean.js" type="text/javascript'/>

</body>
</html:html>




esting AJAX: Sample web app & AJAX

function handleKeypress(searchText, event)

{

var keyCode = (event.keyCode ? event.keyCode : event.which);

switch (keycCode)

{

}

case 13: // Enter
document.searchForm.submit();
return false;

case 37: // Left

case 39: // Right
return true;

case 8: // Backspace
if (searchText && (searchText.length > 0))
{
SearchBean.search(updateHintList, searchText.substr(0, searchText.length - 1), 50);
3
return true;
default:
SearchBean.search(updateHintList, searchText + String.fromcharcCode(keyCode), 50);
return true;

return false;

}




esting AJAX: The test

| est sequence

B Login & go to search page
B Press 'd’

B Assert that the list of suggestions is
visible and contains the three words

B Click on the second word in the list

B Assert that the detail page for this word
is shown




esting AJAX: The test (II)

public class GuiTest6 extends GuiTestBase
{
public void testSuggestions()
{
_browser.loaduRIAndwaitForCompletion(
"http://localhost:8080/SpanishTrainer/index.jsp");
_browser.setFormInputByName("j_username", "someuser");
_browser.setFormInputByName("j_password", "abc");
_browser.getSubmitButton().click(Q;
_browser.waitForLoadCompletion();

_browser.clickAnchorByText(getMessage("view.menu.searchForword"), true);
_browser.waitForLoadCompletion();




esting AJAX: The search page

<body>

<form name="searchForm" action="<html:rewrite action='/search'/>" method="GET">
<fieldset>
<legend>
<bean:message key="view.search.legend"/>
</legend>
<input id="searchText" name="searchText" type="text"
autocomplete="off" style="width:402px"
value="${requestScope.searchText}" onclick="deselectHintList()"
onkeypress="return handleKeypress(this.value, event)'"/>
<input type="submit" value="<bean:message key='view.search.submit'/>"/>
<br/>
<div id="searchHintList" style="display:none;“/>
</fieldset>
</form>

</body>




esting AJAX: Suggestions

<div id="searchHintList"“
style="display:block; background: white; layer-background-color: white;
width:400px; border-Teft:thin solid Tightgrey;
border-right:thin solid lightgrey; border-bottom:thin solid Tightgrey;">
<table width="100%" border="0" cellspacing="2" cellpadding="0">
<tr onmouseover="setCursor(this, 'pointer');"
onmouseout="setCursor(this, 'auto');">
<td id="suggestion0" width="100%" onclick="selectHint(0);">de</td>
</tr>
<tr onmouseover="setCursor(this, 'pointer');"
onmouseout="setCursor(this, 'auto');'">
<td id="suggestionl" width="100%" onclick="selectHint(1l);">decir</td>
</tr>
<tr onmouseover="setCursor(this, 'pointer');"
onmouseout="setCursor(this, 'auto');">
<td id="suggestion2" width="100%" onclick="selectHint(2);">deletrear</td>
</tr>
</table>
</div>




{

esting AJAX: The test (III)

pubTlic class GuiTest6 extends GuiTestBase

public void testSuggestions()

{

_browser. focus(_browser.getFormInputByName("searchText"));
_browser.presskey(KeyEvent.VK_D);

Threadutils.waitFor(new Threadutils.waitCondition() {
public boolean checkCondition(long elapsedTimeInMs)

{
HTMLDivETement divElement = (HTMLDivElement)_browser.getElementById("searchHintList");
return "block™.equals(DOMHelper.getStyleAttributeItem(divElement, "display"));
ks
}, 5000);

assertEquals("de",
_browser.getElementById("suggestion0").getTextContent().trim());
assertEquals("decir",
_browser.getElementById("suggestionl").getTextContent().trim());
assertEquals("deletrear",
_browser.getElementById("suggestion2").getTextContent().trim());
assertNull(_browser.getElementById("suggestion3"));




esting AJAX: The test (IV)

pubTlic class GuiTest6 extends GuiTestBase

{
public void testSuggestions()

{
_server.setTracingRequests(true);
_server.setTracingResponses(true);

_browser. focus(_browser.getFormInputByName("searchText"));
_browser.presskey(KeyEvent.VK_D);

_server.waitForrRequest();
// tests as on the previous slide

RequestInfo[] requests
ResponseInfo[] responses

_server.getTracedRequests();
_server.getTracedResponses();

assertEquals(l, requests.length);
asserteEquals(l, responses.length);
assertTrue(requests[0] .getRequestUrl().endswith("dwr/exec/SearchBean.search"));




esting AJAX: DWR request

url=http://localhost:8080/SpanishTrainer/dwr/exec/SearchBean.search
query=null
method=POST
headers:
Host=Tocalhost:8080
User-Agent=Mozilla/5.0 (Windows; U; Windows NT 5.1; en-uUS; rv:1.7.11) Gecko/20050908
Accept-Encoding=gzip,deflate
Accept-Language=en-us,en;q=0.5
Cookie=cookies=true; JSESSIONID=8br5kh2mngho
Accept-Charset=150-8859-1,utf-8;9=0.7,%;q9=0.7
Pragma=no-cache
content-Type=text/xml
Cache-control=no-cache
Accept=text/xml,application/xml,application/xhtmT+xml,text/html;
g=0.9, text/plain;q=0.8,1image/png,*/*;q=0.5
keep-alive=300
Connection=keep-alive
Content-Length=131
content:
callcount=1
cO-scriptName=SearchBean
c0-methodName=search
c0-id=9353_1133905203349
c0-paramO=string:d
c0-paraml=number:50
xml=true




esting AJAX: DWR response

content type=text/xml
character encoding=ISO-8859-1
locale=de_DE

content:

var sO0 = new Array();var sl = new Object();var s2 = 28;sl.id = s2;var s3 = new Array();var s4 =
"German";s3[0] = s4;var s5 = "English";s3[1] = s5;sl.languages = s3;var s6 = "de";sl.text = s6;var s7
= new Array();var s8 = "von";s7[0] = s8;var s9 = "from";s7[1] = s9;sl.translations = s7;var sl1l0 =

"Preposition";sl.type = s10;s0[0] = sl;var sll = new Object();var sl1l2 = 17;sl1l.id = s12;var sl13 = new
Array();s13[0] = s4;s13[1] = s5;sll.languages = sl3;var sl4 = "decir";sll.text = sl4;var sl1l5 = new
Array();var sl16 = "sagen";s15[0] = sl6;var s17 = "to say";sl5[1] = sl17;sll.translations = sl1l5;var sl18
= "Verb";sll.type = s18;s0[1] = sll;var s19 = new Object();var s20 = 15;s19.id = s20;var s21 = new
Array();s21[0] = s4;s21[1] = s5;s19.Tanguages = s21;var s22 = "deletrear";sl9.text = s22;var s23 = new
Array();var s24 = "buchstabieren";s23[0] = s24;var s25 = "to spell (out)";s23[1] = s25;
s19.transTations = s23;s19.type = s18;s0[2] = s19;"von";s7[0] = s8;var s9 = "from";s7[1] = s9;
sl.translations = s7;var s10 = "Preposition";sl.type = s10;s0[0] = sl;var sll = new Object();var sl12 =
17;s11.id = s12;var s13 = new Array();sl13[0] = s4;s13[1] = s5;s1l.Tanguages s13;var sl1l4 = "decir";
sll.text = sl4;var s15 = new Array();var sl6 = "sagen";s15[0] = sl6;var sl1l7 = "to say";s15[1] = sl17;
sll.transTlations = sl15;var s18 = "Verb";sll.type = s18;s0[1] = sll;var s19 = new Object();var s20 =
15;s19.4id = s20;var s21 = new Array();s21[0] = s4;s21[1] = s5;s19.Tlanguages = s21;var s22 =
"deletrear";sl19.text = s22;var s23 = new Array();var s24 = "buchstabieren";s23[0] = s24;var s25 = "to

spell (out)™;s23[1] = s25;s19.translations = s23;s19.type = s18;s0[2] = s19;
DWREngine._handleResponse('9353_1133905203349"', s0);




esting AJAX: The test (V)

public class GuiTest6 extends GuiTestBase
{
public void testSuggestions()

{

_browser.click((HTMLElement)_browser.getElementById("suggestionl™));
_server.waitForRequest();
_browser.waitForLoadCompletion();

_server.setTracingRequests(false);
_server.setTracingResponses(false);

asserteEquals("showword",
_browser.getMetaElement("PageName™) .getContent());
assertEquals("decir",
_browser.getElementById("showwordLegend™)
.getTextContent().trim());




What else to test

Other areas to test

B Back & forward buttons

B Double posting

B Validation of input, esp. on the client
side

B Non-HTML results, e.g. PDFs

B

Compatibility (integration) tests




Summary

Automated web UI testing is possible
and not too difficult

No special adaptation necessary

B id/name attributes make testing easier
[ests can be sufficiently robust to
changes to the web pages

B Problematic: functional changes,
elements with different type

Access to server side adds more
control and new testing possibilities




Floyd Outlook

Floyd is still young (2 months)
Already used in commercial context
Areas of improvement

Support for more browsers
Support for other servlet containers

Detection of dialog boxes (browser,
JavaScript)

Request/response interception at the
browser

Numerous others ...




