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Modern Web Applications
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Web Development vs Testing
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® Open-source web browser automation tool

3 &

e widely-used worldwide

e C#, 6 Groovy, Java, Perl, PHP, Python, Ruby and Scala

e \WebDriver protocol has become W3C standard

https://www.w3.org/TR/webdriveri/



https://en.wikipedia.org/wiki/C_Sharp_(programming_language)
https://en.wikipedia.org/wiki/Groovy_(programming_language)
https://en.wikipedia.org/wiki/Java_(software_platform)
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https://en.wikipedia.org/wiki/PHP
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Ruby_(programming_language)
https://en.wikipedia.org/wiki/Scala_(programming_language)
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» Sample course
COURSE001 - John Doe
"

£ cowse settings
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John Doe : My course kst | My calendar | My User A

Functional Test Automation
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Course manager

Font family ) Fontsize- fParagaph | B 7 U M| X%, x| 9
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A sample text that defines the topic of this course.

As you can see it can be formated and giylized to sut your needs.

Test Results

Bug Reports

unctional

equirements |

nalysis

2/,

Double click on DataGrad line to open User Details form |

3 FlexDataGrid("dg")=>itemDoubleClick|

j20 s

777 Double click on DataGrid 1ine to open User Details form
3 FlexDataGrid("dg") =>itemDoubleClick(

4 |2 // Double click on DataGrid line to open User Details form

5 | 3 FlexDataGrid(”dg")=>itemDoubleClick(

644 "[X] Click to select/unselect | *Adwin* | Administrator | nomailfriatest.com");
7F5S

8F 6 // Change User Details

9 F] 7 FlexTextirea {"Name: : name Input”) =>textSelectionChange (0, 13) ;

10 F] 8 FlexTextirea ("Name awe Input”) =>textInput ("John Swmith");

11 F| 9 FlexTextArea("Nawe: : nameInput”)=>keyFocusChange () ;

12 FJI0 FlexTextirea ("Enail railInput”) =>textInput {"somemailBnodomain.con®) ;
13 FJi1 FlexTextArea("Enmail: :emailInput”)=>keyFocusChange();

14 Fl12 FlexTextirea("New Password::passwordInput”)=>textInput ("nypass");

IS |13 FlexTextirea("New Password::passwordInput")=>keyFocusChange():

14 FlexTexthrea("Verify Password::passwordInput2”)=>textInput ("mypass"):
17 F|1S

18 |16 // Click OK to close form and save details

19 |17 FlexButton{"0K") =>click() :

20 w18

3

=119 // Wait whille user details are saved and appear in the DataGria
20 waitfor (FlexDataGrid("dg")=>selectedIten. indexOf ("John Smith")>=0);

Test
Scripts
Creation

Test Scripts
Automation



Functional Test Automation




E2E Test Automation




Approaches to E2E lest Automation

Development of test cases

Capture & Replay Programmable
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Approaches to E2E lest Automation

Development of test cases
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Capture & Replay Programmable
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(DOM) Capture & Replay

) ProvaTestSelenium (untitled suite) - Selenium IDE 2.8.0 =18 x|
File Modifica Actions Options Aiuto
Base URL | http: //www....com/ LI
ast  Slow BPE p= | © @
Test Case i Table | Source |
TestLogin _
Command Target Value |
open home.asp
type id=UID John.Doe
¢ 123456
| |dickAndwait id=login
assertText id=LoggedUser John.Doe
4
| Target id=PW Cancel | Find |
Select an element by dicking on it in the browser or dick
[ Cancel to cancel,
Runs: 01 value 123456
Failures: 0




(Visual) Capture & Replay

Sikuli IDE 1.0.1 - TestLogin -10] x|
File Edit Run View Tools Help
' p I.’:.n:ncv"

.—. m
= - H » _
Take screenshot  Insertimage  Create Region Run Run in slow motion

- A d SN

1|/* open home.asp */

2 type(bme: J‘, "John.Doe")
3 typ':-('ord: J‘ "123456")

4|click ()

S|lwait(l)

: 21 John.Doel

Hessagel

Line: 6, Column: 8




(Visual) Capture & Replay




Capture & Replay Drawbacks

Hard-code values

Strong coupling

Duplicated code




Approaches to E2E lest Automation

Development of test cases

Capture & Replay / rogrammable
/
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(DOM) Programmable

Claroline genova Claroline genova

My desktop My messages

Login

# Claroline

MY DESKTOP

Authentication

Manage my courses

Doe John
; My course li .
Username Eﬁ Enrol on a new course E# Remove course enrolment All platform courses u
® New items to another date
-
My course list
Password Welcome message | - Show/Hide .
- F e — = _ Email -
My 5 last messages
PPPPP -
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— View m tics
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View all my messages
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calendar
Lost password By
Create user account [ No event to display
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Claroline Open Source e-Learning

Se

public class Login {
@Test
public void testLogin() {
WebDriver driver = new FirefoxDriver(); A
driver.get(“http:/localhost/claroline1115/index.php’);

driver.findElement(By.ld(id="user”)).sendKeys(“John Dog” e
driver.findElement(By.XPath(“xpath="//form/input[2]”)}*

Browser sp

'sendKeys(“securepassword”);
driver.findElement(By.LinkText(linkText="Enter”)).click();g¢_

Assert.assertEquals(driver.findElement(By.ld(“John Doe”, e gin was successful”);

} Manipulation specific




(DOM) Programmable

Whot are the
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Advantages of Programmable tools

Data-driven

Design Patterns




Naive web testing




Use Page Objects!

Web App Ul Page Object Test Scripts ;
AN e . o O

0,13

e ("onn Swithr

isChange () 5
"

EEmEEEEEEEEES S SeSeSeee. ..y
loubhc class Index {

1
@FindBy(xpath = "/HTML[1]/BODY[1]/DIV[1]/DIV[4]/A[1]")y
private WebElement a_CreateAccount;
@FindBy(xpath = "/HTML[1]/BODY[1]/DIV[1]/DIV[4]/A[2]"
private WebElement a_Createaccount; 1
@FindBy(css = "#LoginForm > input:nth-child(2)")
private WebElement input_user;
@FindBy(css = "#LoginForm > input:nth-child(5)")
private WebElement input_pass;
@FindBy(css = "#LoginForm > input:nth-child(7)")
private WebElement input_Accesso;|
private WebDriver driver;

10 .

)
Input ("egpass”) ;

3 FLexT: (Miew Passwera:

4 FLexTextArea ("Ver ity Passuord: :passuordinpuc:”) =>textinput (Mmypass”) ;
s

6 // Click OK to clos
7 FLexburcon,

i2s

8
19 // Wait while user details are saved and appear in the Datagrid

Switnt) <o) ;

e e S e P
3 Flexbatacid ("ag”) => scenbowbleClick] > .
4700 Click to sslect/unselect | thawin® | Adwimistracor | noweiliristest.com’): ; 4

s
6// Changs vser pet
77 1exT, (s
87 LexTexthrea "Nae
971exT: e

public Index(WebDriver driver) {
this.driver = driver;
PageFactory. initElements(driver, this);

}

L1
uc ("onn Swicn)
)2
0 FLexTextArea ["Email:  exailInput”) =>Cext Tnpuc ["somenai 1nodonain. con”) ;

public User_Add goToUser_Add() { £ i [l enmid . ,
€ s ("icw Passwor ragpass) ;
a_CreateAccount.click(); > 3 Fiow mew Pasavord. ;
raturn new User AddCdrivery; e
3 6 // casok o
7 Flexbutcon
o
5 // wait wiolie user details are saved and appesr in the Datacrid

>

public Email_Password goToEmail_Password() {
a_Createaccount.click();
return new Email_Password(driver);

Swith”)>=0);

e S e e
=>icenDoublectick( > ~
Lece/unselect | *hdmin® | Administracor | nowailfristest.com”); 9

19

}

public Indexl goToIndex1() {
input_Accesso.click(Q);
return new Indexl(driver);

37 Lexpatacria (na
4 mmm cliek to

),

1

):

public void LoginForm(String args@, String argsl) {
input_user.sendKeys(args@);
input_pass.sendKeys(argsl);
input_Accesso.clickQ);

) =>text Input ("somenas l@nodonain. con”
) =>keyFocuschange () ;
- put ("mypass”) ;

3 F1exT: ("liew Password: :
14 FlexTexthrea ("Verify Passuord: :passwordTnpuc2”) =>cextInpuc ["nypass” ;

e form and save astails
click) ;

o
5 // st wilie user detaile are saved and appess in tne Da
e




Page Object Pattern: An Example

Claroline genova

Login
# Claroline

Authenticatio

ername

assword
Lost passwort d
Create user account

Claroline Open Sou

m

Se

public class IndexPage {

}

private final WebDriver driver;

@FindBy(id="“user”)
private WebElement username;

@FindBy(xpath="“//form/input[2]”)
private WebElement password;

@FindBy(linkText="“Enter”)
private WebElement login;

@FindBy(id="loggedUser”)
private WebElement loggedUser;

public UserAccount goToCreateAccount(){
createUserAccount.click();
return new UserAccount(driver);

}

public HomePage login(String usr, String pwd) {
username.sendKeys(usr);
password.sendKeys(pwd);
login.click();
return new HomePage(driver);

}




Page Object Pattern: An Example

Claroline

genova

Login

# Claroline

t "0"'
sername "
@

'myw ans?®

O
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Lostp ssssss
count

I

WebElements

public class IndexPage {
private final WebDriver driver;

@FindBy(id="user”)

| gprivate WebElement username;

e FindBy(xpath="//form/input[2]”)
' private WebElement password;

@FindBy(linkText="“Enter”)
_private WebElement login;

4 FindBy(id=“loggedUser”)
#| “private WebElement loggedUser;

public UserAccount goToCreateAccount(){
createUserAccount.click();
return new UserAccount(driver);

}

public HomePage login(String usr, String pwd) {

username.sendKeys(usr);
password.sendKeys(pwd);
login.click();
return new HomePage(driver);
}
}




m

Page Object Pattern: An Example

Se

Clafeline S |public class IndexPage {
— P private final WebDriver driver;
= @FindBy(id=“user”)
private WebElement username;

@FindBy(xpath="//form/input[2])
private WebElement password;

Ry :Ss;ord' ., @FindBy(linkText="“Enter”)
Your et private WebElement login;
ceretne Open 5ot @FindBy(id=“loggedUser”)

private WebElement loggedUser;

public UserAccount goToCreateAccount(){
wiwr  createUserAccount.click();
_#%  return new UserAccount(driver);
. . o
Navigations «

public HomePage login(String usr, String pwd) {
username.sendKeys(usr);
password.sendKeys(pwd);
login.click();
return new HomePage(driver);

}

}
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Page Object Pattern: An Example

s AUES | public class IndexPage {

' private final WebDriver driver;
@FindBy(id="“user”)

private WebElement username;

@FindBy(xpath="//form/input[2])
private WebElement password;

@FindBy(linkText="“Enter”)
private WebElement login;

@FindBy(id="loggedUser”)
private WebElement loggedUser;

Se

# Claroline

public UserAccount goToCreateAccount(){
createUserAccount.click();
return new UserAccount(driver);

&
}

Acktionsm.,

.. sl public HomePage login(String usr, String pwd) {
2% username.sendKeys(usr);
password.sendKeys(pwd);
login.click();
return new HomePage(driver);

}

}




Page Object Pattern: An Example

Claroline

My desktop My messages

# Claroline > My desktop ’

&
MY DESKTOP

genova

Doe John Manage mylccount Logout

&
&

rY ) )
®ap gyt

My course list

Manage my courses
Eﬁ Enrol on a new course

2% Remove cou

@ New items to another date

rse enrolment EE All platform courses

My course list

Welcome message | Show/Hide

My 5 last messages

Subject Sender Date

View all my messages

My calendar s

\EJ No event to display

Latest announcemen ts

F:ﬂ No announcement to display

Greblbers

Phone

Administi
Empty code

&

rative

uﬂg View my statistics

Manage my account

public class HomePage {
private final WebDriver driver;
@FindBy(xpath="//li/a[1] )
private WebElement myDesktop;
@FindBy(xpath="//li/a[2] ")
private WebElement myMessages;

@FindBy(linkText=“Enrol”)
private WebElement enrolACourse;

@FindBy(id="loggedUser”)
private WebElement loggedUser;

public CoursePage goToEnrol(){
enrolACourse.click();
return new CoursePage(driver);

}

 public String getLoggedUser() {

return loggedUser.getText();

}
}




Test without abstraction

public class Login {

public void testLogin() {
WebDriver driver = new FirefoxDriver();
driver.get(“http:/localhost/claroline1115/index.php”);

driver.findElement(By.ld(id="user’’)).sendKeys(“John Doe”);
driver.findElement(By.XPath(“xpath="//form/input[2]”)).sendKeys(“securepassword”);

driver.findElement(By.LinkText(linkText="Enter”)).click();
Assert.assertEquals(driver.findElement(By.ld(“John Doe”)), "Login was successful’);

}




Test with Page Object abstraction

public class Login {
public void testLogin {
Utils.connectToWebAppUnderTest();
IndexPage ip = new IndexPage(driver);
HomePage hp = ip.login(“John Doe”, “securepassword’);

assertEquals(hp.getLoggedUser(), “Doe John”);
}

}




Visual Test Automation
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(Visual) Programmable

SilIi.

public class Login { Visual Locakors
@ Test

public void testLogin() {
WebDriver driver = new FirefoxDriver();
driver.get(“http://localhost/claroline1115/index.php”);

(Usename |

ImageTarget user = new ImageTarget(new FiIe(path+"uea.p" R
sendKeys(user, “John Doe”);  Password

ImageTarget password = new ImageTarget(new FiIe(path+”password. 1
sendKeys(password, “thenameofmycat’); e T

ImageTarget login = new ImageTarget(new File(path+"login.png"));
click(login);




Approaches to E2E lest Automation

Development of test cases

Capture & Replay Programmable

g coordinates (1st gen) - -
= Q| —
O E DOM-based (2nd gen) Selenium IDE  Selenium WebDriver )
) & o
11 3 | visual (re gen . SikuliDriver
) JAutomate



CSS

name

linkText

XPath

DOM-based locators

Username:
Password:

_Login

<form name="loginform"” action="homepage.asp" method="post'">
Username: <input type="text"” id="UID" name="username'"><br>

Password: <1nput type-"text" 1d-"PW" name-"passw-

driver. flndElement(By id("Pw")). sendKéys(123456),
driver.findElement (By.linkText (""Login'")) .click() ;

// we are in the 'HomePage.asp' page

assertEquals ("John.Doe'", driver.findElement (By.id('"uname'")) .getText) ;
driver.close() ;




DOM Locators and SW Evolution

Yeah, but
will they survive

No, use

XPaths'!

at least to the
next release?

ids are preferable but (i) not present (ii) auto-generated (i77) not unique
other strategies are applicable only in specific contexts
XPath complex and brittle but powerful and flexible

a careful choice of locators can save you precious time (and headache)



Approaches to E2E lest Automation

Development of test cases

Capture & Replay Programmable

g coordinates (1st gen) - -
=
'E ©
® N | DOM-based (2nd gen) Selenium IDE  Selenium WebDriver
Ll 3 Vgt;al (3rd gen) SikuliX, SikuliDriver
Q\ J JAutomate o~




Visual locators

manually crafted
(SikuliX and SikuliAPI)

auto-generated

(JAutomate

_ipi x|

File Edit Script Settings Reports Help

L f TestLogin.txt ~ |

Write "123456"

IBasic Commands

5

- y StartWeb "http://www....com/home.asp" | _
Password b Platform administration g cal
&P Click
@ Click :rname: | (/-\) ® Comment
3 isword: | S~ <) 1f
N - . Enrol on a new course 91
1= a2 432 Region
Wait @ Repeat <Data>
John Doe x Write "John Doe" &Y Repeat <Times>
StartWeb
. rname: T~ @ Startwe
ClicK sword: 69 step
&Eﬁ& B wait

@ Wait <Image>
[J wait <wmiliseconds>

[  WaitMouseMove
name:
word: | & Waitverify
Click @ €5 While

2 Write

WaitVerify 186 94 16 17




Password

|

John Doe

Visual locators

manually crafted
(SikuliX and SikuliAPI)

E Platform administration l

E& Enrol on a new course

L= 2 A= o~

auto-generated
(JAutomate)

_lojx]
File Edit Script Settings Reports Help
& | @ Record B Run |® Run from Cursor :[»:Run Selection B Stop [ g ld 8 &
L_f TestLogin.txt * | |Basic Commands ]|
StartWeb "http-//www.... com/home.asp" | —
g Call
&P Click
ClicK :rname: [ (/—\) @Comment
ssword: | 4{-’) If

Write "123456"

€Y Repeat <Data>
@ Repeat <Times>
o StartFile

&) Startweb

6@ step

B wait

[ wait <image>

[J wait <Miliseconds>
C/O WaitMouseMove

name: |

wword: |
Click

WaitVerify

& Waitverify
@ While

2 Write

" 186 94 16 17




Test Case Evolution



Issues with Test Automation

Test Scripts

B I e
Grid("dg”) =>itenboubleclick

(] Click to select/unselect | fAdwin® | Adwinistracor | nomailfristest.com);

Tow

Flexpata

// Change user Details

textInput ("John Smith");
KeyFocusChange () 1
+ oA  Tnput ™) =>cexe Tnput ("somenai 18 nodonain. con™ ;
erat 1 Inpuc”) =>keyFocuschange () ;
assvordlnpuc)

/ crick ox

waitfor (FlexDatacrid("dg”) >selectedIten. indexOf ("Jokn Swith')><D) :

releases



Issues with Test Automation

Test Scripts g0

3 FlexDataG
4 "rE click to

("ag") =>icenboupleclick
hwint | Adwinistrator —

| nomail@riac

Lect |

ails

6// Change Usex D
7 FlexTexthrea ("Nane: :
8 FlexTexthrea ("Nane

9 FlexTexthrea ("ane: :

textselectionChange (0, 13) ;
textInput ("John Smith) ;
KeyFocusChangs ()

enail Input”) =>textInput ("somerai 1inodonain. con’) ;
KeyFocusChange () 1

texc Input ("mypass”)

enailTnpucn)
a: :passvordInpuc

i2 F1exTextirea (e Passuor
New Passvord:

i3 F1ex7e: ) ;
14 F1exTexcarea ("Verify Passvora: passwordTnpura ") =>text Input (uypass") ;
i

e // crick ox to close form and save details

click() ;

17 F1exBuston (oK
the DataGria
Suich")>=0) ;

details are saved and appear in

s
o /7 wais e us
0 e Lo (FekDatase 16 ("ag") -soe ieatedTem. shAexGE ("Tonn

releases



Issues with Test Automation

Test Scripts . »

T TourTe CTIoT CMEETaOIIT TIRT 10 CPer TSer Terails Tomn
FlexDacacrid ("dg") Sdhgnnous lectick ( ¢
"x] Click to seledfilgaelect | “Admin | Administrator gfnailfriatest.con);

FlexTextires ("Nane: :naeIn;
femai 1Bnodomain. con”) ;

textInpuc ("mypass”) ;
> keyFocusChange (] :

FlexButton ("OK") =elick() ;

st vhie user detais

waitfor (FlexDaraGrid ("gy

e lectedlten. indexOf ("Iohn

releases



Issues with Test Automation

in web development, the releases are frequent!

TTomI oI
3 Flexdatacria(dgn)
"X Click to sel

releases



Test Scripts Maintenance

* Even minor changes of the GUI layout can lead most of the

test cases to fail. The repair activity costs e.g., the Accenture

company $120 million per year
[Grechanick et al., “Maintaining and evolving GUI-directed test scripts,” ICSE 2009]

* A study on Adobe’s Acrobat Reader found that 74% of its

test scripts get broken between two successive releases
[Memon and Soffa, “Regression Testing of GUIs,” SIGSOFT Software Engineering Notes 28, 2003]

=

* The main source for web test cases fragility are the web
elements locators

Leotta et al., “Comparing the Maintainability of Selenium WebDriver Test Suites Employing Different Locators:
A Case Study.,” JAMAICA 2013]

[Christophe et al., “Prevalence and Maintenance of Automated Functional Tests for Web Applications,” ICSME
2014]



Jest Evolution Patterns

Structural Change

Release N

<form name=“loginform” action=“homepage.asp” method=“post”>

L]S;G}Tl]i!l]](}: Username : <input type=“text” id=“userid” name=“user”><br>
. Password : <input type=“text” 1d=“pw” name=“password”><br>
Password- <a href=“javascript:loginform.submit()” 1d=“login”>Login</a>
. </form>
Login
Release N+1
. <form name=“loginform” action=“homepage.asp” method=“post”>
LJSSGErITE!IIIGE. Username : <input type=“text” id=“userid” name=“user”><br>
Password: Password : <input type=“text” id=“pw” name=“password”><br>

<a href=“javascript:loginform.submit()” 1d=“login”>Login Now!</a>
</form>



Jest Evolution Patterns

Logical Change

Release N Release N+1
Auth1.php Auth1.php
Password Birthday

Auth2.php

Password







Scenariol : C&R Approach + logical change

Q: What’s the maintenance activity in this case?

) ProvaTestSelenium (untitled suite) - Selenium IDE 2.8.0 — |D|£]
Fle Modifica Actions Options Aiuto
Base URL Ihttp://www....com/ ZI
iast Slow b= e | (() .
Test Case Table | Source |
TestLogin
Command Target Value
open home.asp
type id=UID John.Doe
I type 23456
| |dickAndwait id=login
assertText id=LoggedUser .
4
| Target [id=Pw Cancel | Fnd |
Select an element by dicking on itin the browser or dick
[ Cancel to cancel.
Runs: Value | 123456

................................

Answer:

Keep the portion of the script up to the
broken command.

Re-capture the execution scenario by
starting from the last working command.



Scenario2 : C&R Approach +

structural change

Q: What’s the maintenance activity in this case?

=101 x|

) ProvaTestSelenium (untitled suite) - Selenium IDE 2.8.0

File Modifica Actions Options Aiuto

Base URL [ http://www....com/ E
@

) iast Slow DE e | (()

Test Case Td:le | Source I
TestLogin

Answer:

Modify all the broken locators,
actions, or values.

=
Select an element by dicking on itin the browser or dick
[ Cancel to cancel,
Runs: 0| value 123456

aersasraasaaasssansanrranrrans ]




Scenario3 : Programmable Approach + logical change

Q: What’s the maintenance activity in this case?

public class Login {

@ Test

public void testLogin() {

WebDriver driver = new FirefoxDriver();
driver.get(“http://localhost/claroline1115/index.php”);
driver.findElement(By.ld(id="user”)).sendKeys(“John Doe”);
driver.findElement(By.XPath(“xpath="//form/
input[2]”)).sendKeys(“securepassword”); =, &
driver.findElement(By. LlnkText(IlnkText_“Ent, 2).click();

Assert.assertEquals(driver.findElement(By. »(“J n Doe”)),
"Login was successful’);

}

}

Answer:

Modify the page object actions and,

eventually, the tests.

public class IndexPage {

}

private final WebDriver driver;

@FindBy(id=“user”)

private WebElement username;
@FindBy(xpath="//form/input[2]”)
private WebElement password;

@FindBy(link Text="Enter”)
private WebElement login;

@FindBy(id=“loggedUser”)
private WebElement loggedUser;

public UserAccount goToCreateAccount()}
createUserAccount.click();
return new UserAccount(driver);

}

public HomePage login(String usr, String pwd) {
username.sendKeys(usr); _.
password.sendKeys(pwd); %
login.click(); Y
return new HomePage(dnver)

}




Scenario4 : Programmable Approach + structural change

Q: What’s the maintenance activity in this case?

public class Login {
@Test
public void testLogin() {
WebDriver driver = new FirefoxDriver();
driver.get(“http://localhost/claroline1115/index.php”);

driver.findElement(By.ld(id="user”)).sendKeys(“John Doe”);
driver.findElement(By.XPath(“xpath="//form/
iInput[2]”)).sendKeys(“securepassword”);
driver.findElement(By.LinkText(link Text="Enter”)).click();

Assert.assertEquals(driver.findElement(By.ld(“John Doe”)),
"Login was successful”);

}
}

Answer:

Modify only the page object(s).
No modifications to the tests
heeded!!!

public class IndexPage {

}

private final WebDriver driver;

@FindBy(id="user”)
private WebElement username;
@FindBy(xpath="//form/input[2]") "¢’ |
private WebElement password; 4
@FindBy(linkText="Enter”)

private WebElement loginy, ¢
@FindBy(id="loggedUser”) A%,
private WebElement loggedUser’;,

public UserAccount goToCreateAccount()}
createUserAccount.click();
return new UserAccount(driver);

}

public HomePage login(String usr, String pwd) {
username.sendKeys(usr);
password.sendKeys(pwd);
login.click();
return new HomePage(driver);

}




Test Suite Development Cost

Q: In practice, which one is more convenient?

Selenium WebDriver Sikuli API Selenium IDE Sikuli IDE
Development Time

[Leotta et al., “Approaches and Tools for Automated End-to-End Web Testing,” Advances
in Computers, Volume 101:5 (2016)]



Test Suite Development Cost

B Selenium WebDriver M Sikuli API
.. Selenium IDE 0 SikilidaF

[Leotta et al., “Approaches and Tools for Automated End-to-End Web Testing,” Advances
in Computers, Volume 101:5 (2016)]



Test Suite Maintenance Cost

Selenium WebDriver Sikuli API Selenium IDE Sikuli IDE
Maintenance Time

[Leotta et al., “Approaches and Tools for Automated End-to-End Web Testing,” Advances
in Computers, Volume 101:5 (2016)]



When do they become convenient?

What number would you put here?

. C&R
= == « Programmable

Overall cost

Releases
|[Leotta et al., “Approaches and Tools for Automated End-to-End Web Testing,” Advances
in Computers, Volume 101:5 (2016)]



When do they become convenient?

. C&R
= == « Programmable

Overall cost

Releases
[Leotta et al., “Approaches and Tools for Automated End-to-End Web Testing,” Advances

in Computers, Volume 101:5 (2016)]



Augmented Maintainability

// A simple Page Object class with Selenium
WebDriver
public class IndexPage {

private final WebDriver driver;

@FindBy(id="user”)
private WebElement username;

@FindBy(xpath="//form/input[2]”)
private WebElement password;

@FindBy(linkText="“Enter”)
private WebElement login;

@FindBy(id="“loggedUser”)
private WebElement loggedUser;

[Leotta et al., “Improving Test Suites public HomePage login(String usr, String pwd) {
Maintainability with the Page Object gsairswg?gggsgﬁgﬁ((g%)
Pattern: An Industrial Case Study,” lo%in-click();H age(ariven
return new riomeragelariver),
ICSTW 2013] |

@Test
public void testLogin {
Utils.connectToWebAppUnderTest();
IndexPage IP = new IndexPage(driver);
HomePage hp = IP.login(“John Doe”, “securepassword”);
assertTrue(hp.checkLoggedUser(“Doe John™));




Factor 1 : Test cases vs Page objects

Worst case
Page object pattern: Useless

Test Test Test Test
Case 1| Case 2| Case 3|| Case 4

Page Page Page Page
Object 1 || Object 2 || Object 3 || Object 4
Web Web Web
Page 1| Page 2|| Page 3| Page 4

o

Best case
Page object pattern: Useful

Test Test Test
Case 2 || Case 3 || Case 4

Web
Page

-qumber Bipage oviects por i -

The web page modularity of the web application under test affects the benefits

of programmable test cases.

Reusable pages objects are maintained less during software evolution.



Factor 2 : Page objects and repair effort

No Page Object Pattern

Page Object Pattern

S Username: |

& Password: | release N
Z

= : i :

Il X : :

S : : ,

= Login sername: Login

All Test Cases
must be repaired

Only one Page Object
must be repaired

eg, in Selenium WebDriver the repair is:

@FindBy (1linkText="Login") becomes @FindBy (linkText="Submit")



Factor 3 : Number of Locators

Elements with complex visual interaction

Add Car Test Case: Select the car manufacturer

DOM-based approach
one locator needed \

(driver.findElement (By.id ("carList")))

.selectByVisibleText ("Saab") ;

Locate the Select

Web Element Car: |V0|V0 "I

+
Click to Open

Visual approach
two locators needed Car: | Volvo v/

Locate the - Volvo

Option Value Saab
Opel
Audi




Factor 3 : Number of Locators

Multistate Elements

Add Car Test Case | [ Thave acar The Target Web
Check the Box and Submit Submit | Element is always
the same
Remove Car Test Case M I have acar
Uncheck the Box and Submit N (ie, the Box)
Submit |

Visual approach — I-

two locators needed — F
DOM-based approach . Ly
. llinput(@name="vehicle"]



Factor 3 : Number of Locators

Data Driven Test Cases

Password F Platform administration l

B .~ . ‘ Eb Enrol on a new course |

John Doe X Iﬁ\ Iﬁ

Examples of DOM-based Locators

//input[2]

linkText = Platform administration
//td[contains (text (), 'John Doe')]
//img[@src="/web/img/edit.png?1232379976"]
//*[@id="'body']/table[2]/tbody/tr/td[4]/a/img[4]



Other Factors

Robustness favours the DOM based
Execution Time: almost the same

Multiple Instances of the same web element
Invisible/Hidden elements

Web page loading/synchronization

Com prehenSi bi I ity Password F Platform administration

N - . EE’ Enrol on a new course

John Doe X
Ok | I Next_

Examples of DOM-based Locators

//input[2]

linkText = Platform administration
//td[contains (text (), 'John Doe')]
//img[@src="/web/img/edit.png?1232379976"]
//*[@id='body']/table[2]/tbody/tr/td[4]/a/img[4]



Can we do better?

Hybrid Testing
join the advantages of visual and DOM-based tools
in a single testing framework

Contextual Clues
write the test script in natural language

Much still needs to be done!!!



“Approaches and tools for
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