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Context and Motivation

Context:
s Rich Intermet Application; T'esting

Viotivation:

s ldentifying a set of open;Issues and guestions
regarding RIA testing

s Outlining possible selutions for a joint
discussion.



Outline

RIA representation models; and Reverse
ERQIREErng technigues

RIA testing technigues based on
execution traces

SUppPeIING 1eo]S



RIA User interface representation models

Event-Interaction-Graph [A. M. Memon and Q. Xie.

Studying the fault-detection effectiveness of GUI test cases for
rapidly evolving software./EEE TSE, 2005]

x Models the flow: of events; on the RIA Ul

Einite State' Miachine (ESM) Medel

s Provides; an anstractionon the Ul of the RITA
made uUp ofi states; anadl transitions



ESMI Viodel of an RIA

ESVI moedels the hehavieurt off an RIA.

ESM represents all the elaboeration states where: the RIA receives any Input
solicitation by its User.

Each state of the RIA s descrilbbed by the client Interface shown to the user at that
Interacuien time.

Each client teriace Is characterized, only: by the sub-set of Itsk wiggers that are
‘clickable” or, more In general, that have a registered event J/istener and a
correspending event nanaler:

[rans/itions are: associated wWith user events that trigger the RIA migratien; towards a
NEew: state.

FSM conceptual model

Transition
+Event Handler




ESM Reverse Engineering technigques

The FSM Reverse Engineering problem has been addressed in some recent
papers
= [1] D. Amalfitano, A.R. Fasolino, P. Tramontana: Reverse Engineering Finite State Machines from Rich
Internet Applications. WCRE 2008: 69-73

= [2] D. Amalfitano, A.R. Fasolino, P. Tramontana, Experimenting a Reverse Engineering Technique for
Modelling the Behaviour of Rich Internet Applications, International Conference on Software Maintenance,
ICSM 2009: 571-574

= [3] D. Amalfitano, A.R. Fasolino, P. Tramontana, A Tool-supported Process for Reliable Classification of Web
Pages, accettato per la pubblicazione in International Conference on Advanced Software Engineering & Its
Applications (ASEA 2009), Springer

= [4] D. Amalfitano, A.R. Fasolino, P. Tramontana, An lterative Approach for the Reverse Engineering of Rich
Internet Applications User Interfaces, submitted for publication

Papers [1, 2 , 3] describe a process based on the analysis of execution traces of the
RIA, that generates a FSM model that needs to be validated manually at the end of
the process.

Paper [4] describes an iterative variant of this process, where the manual validation
of the FSM is performed at each process iteration.

= This process will be illustrated in the following slides.



The iterative Reverse Engineering
Precess, [4]

Userlteraction: a user interacts with the RIA and triggers; an event

Exiracon.informationiabout current interface; firediuser event and| the user
Interface that is obtained after the event processing| are autematically retrieved
and persistently: stored

Avstractor. heurstic criteria evaluate: therdegree. of similarity’ of the current user:
Interface with ther previeusly: produced enes andl propose: a classification off the
interface

Coycepl Assigmeni  the seftware engineer validates the: classifications
propesed by the heuristic criteria and accepts or refuses: them. If the
classification IS refused, e has; to propose the correct concept o be assigned. In
tEIS way, the expert mcrementally reconstructs a ESM medeling the behavior of
the RIATGUI

Lo eriierion eveEllizlior) 5 ~ 3.Abstraction

event Coverage, or CoOVerage 2. Extraction 4. Concept FSM Model
of knewn SCenarios, ssighment

or the effort (e.g, the time spent)

devoted to the whole process o WL 5. Termination

Interaction

can be considered. Criteria




Aniexample ofi ebtained ESM

Iihe ESM Viedel off ther application: TubuE
nittp://app.ess.ch/tudu/welceme.action

view ssigned-fo moview: next 4:cys

\ view assigned fo me




Some details about the interface
clusternng approach

Examples oft widgets extracted from a RIA interface
and usead fer Interfiace clusternngs

Test Ajax Application

: php page 1:

' php page 2: An Example of Client Interface and
' | the selected widgets:

1 — Eerm
2 — Button
3 — Button
4 — Button
5 — Button
6 — Link
7 — Link




1d_widget

5482

5475

Examples ofi widget attributes

Attribute

action

type

onclick

type

onclick

type

onclick

type

#

button

“avvia()"

button

"new_link()"

button

"gest (‘users.xml’)"

button

"gest
(‘admins.xml*)"

pagel.html

page2.html

Xpath

/htmli[2]/body[1]/form[1]

/html[2]/body[1]/form[1])/input[3]

/htmi[2)/body[1]/form[1]/input[3]

/htmi[2)/body[1]/div[1]/div[1]/input[1]

/htmi[2)/body[1]/div[1]/div[1]/input[1]

/htmi[2)/body[1]/div[1]/div[2]/input[1]

/htmi[2)/body[1]/div[1]/div[2]/input[1]

/htmi[2)/body[1]/div[1]/div[2]/input[2]

/htmi[2)/body[1]/div[1]/div[2]/input[2]

/htmi[2)/body[1]/div[2]/a[1]

/html[2]/body[1]/div[2)/a[1]

Unindexed xpath

/html/body/form

/html/body/form/input

/html/body/form/input

/html/body/div/div/input

/html/body/div/div/input

/html/body/div/div/input

/html/body/div/div/input

/html/body/div/div/input

/html/body/div/div/input

/html/body/div/a

/html/body/div/a

UnindexedxpathlD

/html/body/form

html/body/form/input

/html/body/form/input

/html/body/div/div[@id="‘contai
nerl')/input

/html/body/div/div[@id="contai
nerl']/input

/html/body/div/div/input

/html/body/div/div/input

/html/body/div/div[@id="‘contai
ner2'l/input

html/body/div/div[@id="'contain
er2']/input

/html/body/div/a

/html/body/div/a

Active

true

true




IHeuristic criteria for interface clustering

- C1) twe Interfaces  are equivalent.and cani e clustered I they have the same
number ef widgets with the same subset of attributes.

- C2) two Interfaces' ane equivalent and cani be clustered i they have the same
number off enabled Widgets with the sane: SUlhset of atirlbutes.

-C3) two Interfaces  are equivalent and can be: clustered If they: contain:
- the same sel of containers having the same type o widgets.

-C4) two Interfaces ane equivalent and cam be: clustered If they: contain the sane set
of containers with the same ID, containing the same_type of Widgets.

- A container Is implemented! by tags such as DIV, TABLE, etc...

11



Examples off heuristic clustering critera

Test Ajax Application
php page 1:[ |

php page 2:

Request Values

Main Menu
lik:  Jul ]

@D

Internal Links

page 1

External Links

This widget make

the difference for C1

Test Ajax Application

php page 1:| |
php page 2:| |

Request Values

Main Menu

7S I

Internal Links

applications

Test Ajax Application

php page 1:[ |
php page 2:[ |

RequestValues

Main Menu
ik Jul ]

Internal Links
page 1

External Links

Test Ajax Application

php page 1:[ |
php page 2:[ |

RequestValues

Main Menu

link: el

Internal Links

page 1
page 2

External Links

This widget make
the difference for C2

- Interface |, is equivalent to
interface |, according to C1,
while they are not

equivalent according to C2

- Interface 1, is equivalent to
interface I, according to
C3, while they are not
equivalent according to
C2

- Interface I; is equivalent to
interface |, according to

C3, while they are not
equivalent according to C4

This widget make
the difference for C4
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A first observation

he prepoesed reverse engineerng, Process lelies en a Set
off RIA execution tiraces which: are manually: collected.

I Grder to Impreve: the: efificiency. ofi the Precess,
execution traces may. be collected autematically. Our
current Work I1s addressing the: fiellewing guestions:

s Question 1: s 1t possihle to recenstruct the ESM model using a
set of artificially built execution traces, such as, thoese obtained
using a RIA ripping (crawling) technigue?

s Question 2: how: shoeuld the reverse engineering process he
modified?
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A pessible variant of the Reverse Engineering
Proecess hased on RIA crawling technigues

Similar to the Iterative precess, except for:

n The Interaction with the RIA IS perfermed by automatic firng ol User:
Events;

For each RIA USer Interface, the set ofi firable events are stored in a list and
triggered acecording to a given navigatien: strategy. (such as depth
first/breadth first 0nes);

= |n the Abstraction step, just one heuristic criterion Is used for the
clusternng (the crterion IS a Process; Input);

m [he Concept Assignment step ey not e executed at all.

The output of the precess willlinclude:
m aFSM=(S, T, E), S={ GUI state} T={ transition } E={event}
m A set off automatically: generated execution traces.

Relevani Process factors:
The event navigation strategy: (loreadth first or depth first)
The criterion used: to stop the exploration
The interface clustering| criterion.
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Details about the RIA Crawling hased
Process

Tihe analysis stants from the home page ofi the RIA (With a reset db
and restarted Web server)

Eor each RIA user interface, the set of firalble events; are stored In a
list and navigated according tera depth first/hreadth first strategy.

Al event tiggenng causes the reaching off a new: Interface

= lfithe interface is equivalent te anialready visited one, according to the
Chesen heurstic equivalence: chitera

The mavigation is; stopped

The seguence ofi events triggered frem the home page te the current ene
are saved

The navigation restarts firem therhome: page and fiellows: the direction ol an
event that has noet already, heentriggered

= Optionally, anether trace terminationi critenion based on a maximum depth could
e considered

15



Seme guestions

a Using the proposed Reverse Eng. processes, We: are
able to eptain a set of RIA execution traces .

s Question S: may: we: use the execution traces (either
generated By RIA crawling, or by manual exploration
off the application) fier the aims of testing?

s Question S.1: which test case generation technigue
Canl DE Proposed?

16



A first test case generation technigue

Jest GeEneation technigue: Tiransiorn each execution
trace! intoe’ a test case.

Test Case=Seqguence of fired events and! assertions
s Fired events are described as events on Widgets of anl interface

s Assertions may. be of tWe types:
ased on| the verification oif gENENC propesties off the RIA hehavier,
such as:
s alisence of Javascript crashes;

m albsence of server response. timeouts; (e.g. for missing server
Fesources);

Based! on the verification of eguivalence conditiens between
expected GUI states and actual enes.

m [est Case Set-up requires start eperations such as: dib reset to a known
state, \Web server restart, RIA home page relead

17



Testing problems assoclated with the
PrePOSed test generation technigue

Fest Suite Minimization: prenlem

ASSessing tihe effectiveness ofi test
Suite: generation technigues

Definition: of test oracles

18



A) Test Suite Minimization proklem

[fest suites; generated by the: preposed technigue
may’ need te be reduced in order te improve
testing pProcess EffiCciency.

Which reduction technigues are applicanie?

Can we' use: classicall reduction: technigues: te: get
mininial test suites that assure: pre-defined
COVerage: critera?

s A reduction technigue wasi proposed in Giuseppe’ A. DilLucea, Anna Rita
Easeline, Perfihoe Tramontana: A Technigue fer Reducing User Session
Data Sets iniWel Application Tiesting. WSE 2006: 7-13
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Examples ofi coverage criteria usable for
miRIMization alms

With respect te the abstracted ESIVI:
s ESMIState coverage
s ESMitransition ceverage
a ESM event coverage
s ESMIK-lengthpath’ coverage

Withi respect te the applicatien code:
s Javaschipt function call' coverage

s Javasehpt function call Sequence ceverage [Memon et al. Call-Stack
Coverage for GUI Test Suite Reduction, IEEE TSE 2008]

s Javascript function code coverage

20



B) Assessing test suite effectiveness

AL pPeSSInIe approach:

m assessing the effectiveness of test sultes hy.
evaltiating their defiect detection capanility: on' a fault-
seeded version of therRIA.

Eaults can e definea:
According to a RIA fiault model; or

BY analysing knewni defects of the RIA retrieved
from its) CVS.

Testing Effectiveness evaluation cam e hasead on the
AUMBEr off detected faults.

21



C) Tiesting Oracle definition

WHICHhI types of testing| eracles cam e Used?
Which types ofi assertiens; arer usanle?

ASSErtIonNS may. SPecify:

x A) generic properties of the RIA behavior, such as:
Albsence of Javascript crashes;

Albsence ofi server side exceptions (such as respense timeouts for
MISSING SErVer reseurces);

s B) specific preperties of the RIA behavier that can be deduced
fromi client Interface analysis, Such as:

eguivalence conditions betweens expected GUIl states and' actual
Ones.

22



\/alidation

Fhe eutlined test generation approach,
and possikle selutions to the listed
preblems sheuld be investigated: ay
Experments.

Expernmentalactvities willfhave o lve
designed and executed with' teo) stpperit:.

23



Toel support (1/3)

Mest of the testing activities' can| be suppoerted: By our
protetype: teo)s:

s a teol fier recerding USer sessiens (amnd generating the ESM of
the RIA)N(CRERTA) (@lready: availalle)

s A crawier tool for generating execution traces autematically.
(CRAWLRIA) (In Progress)

a A toolffer transferming execution traces Inte Selenium-
executable test cases, and Implementing| a test suite
minimization technigue: (IFestRIA) (In; progress)

s A teol that replicates execution traces and performs; several
coverage analyses, and detects run-time Javaserpt errors and
senver exceptions, (DyrRaRiA) (already: availaile)
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Toel support (2/3)

CreRia

a SUpportsi the interactive and automatic reverse engineenng
Precesses

m Collects User session traces amnd assesses thelr coverage
degree as:

FUser events fired! on analysed interfaces/Zuser events that are
firakle

CrawiRia

s Crawlsia RIA acconding to a given neuristic clusterng
Cliternon,, and pPreduces a set 6ff SEssIon tiaces

JlestRia

m lransferms traces (ohtained either by the: crawlRia or by
CReRIa) In executable test casesi (as Selenium executanle
tests)

a Minimise test suites according te coverage critena

25



Toel support (3/3)

PDynaRIiA

m Executes collected traces in order to detect:
JS errors
Network exceptions

= Extractsia log of the sequence of executedi seripts and network
reguests (synchreneus and/er asynchronous) durng tiace execution

s ASSESses the Javascript coverage of an execution trace as:
7JS, function executed/7 JS functions
#JS code line executes/#JS code lines

= Generates Interaction| diagramsi (€.0. Sequence diagrams)) off the
traced executions

s Generates a EFG of traced executions

26



A snapshoet firom CreRia TOOL

Tudu Lists

Getting Things Done! My info

Tudu 23

Actions

[ Refresh

3 ist

67 Edit current list
é Share current list
0 pelete current list

Filters

Lists

My Todos Log out

& pippo21

Add a new list

Description I

sllow RSS publication? [
t]1 [ Cancel]

URL: |http:,l’,l’app.ess.ch,l’tudu,l’welcome.action

User Mame: | SoftwareEngineeringroup

Trace Mame: | TuduExperiment41

Automatic Suggestion Semaphore --

Mew Trace Capbure [ Stop Trace Capture ] [ Pause Trace Capture ]

Recorded Interfaces In the Current Trace: 2 Suggest Me
C1 % 100 C2 % 100 3% 100 4 % 100

Insett a Label For The Current State:

1 Suggestion 2 Suggestion 3 Suggestion Z4 Suggestion

| i list | | Mew State | | Mew State | | Mew State

[Add 1 Suggestion [Add 2 Suggestion [Add 3 Suggestion [Add 4 Suggestion

[ Show C1 Suga. [ Show CZ Suqg. [ Show C3 Sugq. [ Show C4 Sugg.

Insett a Label For The Lask Transition:
TO% 100 TI1C1% 100 T1C2% 100 T1C3% 100 T1C4% 100
T2C1% 100 T2C2% 100 T2C3% 100 TaC4% 100

T0 Suggestion

Add Td Sugagestion

T11 Suggestion T1C2 Suggestion T1Z3 Suggestion T1C4 Suggestion

| Mew Transition | | Mew Transition | | Mew Transition | | Mews Transition
[(AddT1c1 Suga. | [(AddT1C2 Suga. ] [_AddTic3suga. | [ Add T1C4 Suaa.

T2C1 Suggeskion T2C2 Suggeskion T2Z3 Suggestion T2C4 Suggestion

| Mew Transition | | Mew Transition | | Mew Transition | | Mews Transition
[(AddT2c1 Suga. | [(Add T2C2 Suga. | [_Add T2c3suga. | [ Add T2C4 Suaa.

- DE connection closed - l
- DB connection open - =
DM description completed o
Event click handler terminated

click. Bubbling phase captured

- DB connection open -

- MR rannechnn anen -




TestCaseRia GUI: A snha

TestCaseRia

Traces avaible

ﬂ
o
[
L

I:ll
r[.
L | L

o]
%]

o nl
F[‘l m
[ ]

aEE

[] Full TestCases

Trace
dick
blur

pPsShot
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DynaRkia snapshots

du Lists

Things Dame? info | MyTodos | Log out

‘Welcome!
MR ey

d |

Welcome to Twdu Lists!

Valee
Onky User Eventts
A Welcome!
A Bisgned ta me
A-Next 4 days

End Time
031085
31002
03108
031091
3100
31000
snceymous : LS TE ]
anceymaUs £ 31097
e — 4 031104
anceymous O31:106

sncmymous ORILI1Y 1087643599, End sequence screenthot:

souncEoecE MET

W 01 you find & bug? Thanks for &

3L
031423

Creste XML sequence disgram

Action




JS functioen call-Netwerk reguest In a seguence
diagram model (3 — level view)

t Sequence viewer

Sequence Diagram

Enc image:

Ajax Engine

return from A 21

czll randerfzsignedToMe
anonym
return from renderAzsignedTohde 81718 ms

rasponzs (200 O 46.0 ms




JS functioen call-Netwerk reguest In a seguence
diagram moadell (multi — level view)

t Sequence viewer

Sequence Diagram

fexample2htm

call enclice

—’
call lcadData

U froee |
return from anclice 25466 ma
anemynass 13l seSamatingWhDas

ranoen frae deSemethingWisnDa 2 7




Conclusions

We walt for your feedhack alnoui these: Ideas;

We would like e present seme ofi these: ideas in
a PoesItien paper for FTESIBEDS

\We' are thyingl te oltaln seme: preliminan
experimentall data te discuss at TESITBEDS.

We may: present seme ofi our: teols; either Inja
toel demo in TESTBEDS,, or Inia slideshew: to
share via \Wel.
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