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RIA Interface testing

RIAs represent the new generation of Web applications, providing

richer, more Interactive, dynamic and usable user interfaces than
traditional ones.

AJAX (Asynchronous JavaScript and XML) is a set of technologies
(JavaScript, XML, XMLHttpRequest objects) providing one of the most
diffused approach for implementing RIAs.

But the enhancements provided by RIAs have a price in terms of
Interface complexity and testability

Finding processes and techniques for an efficient
and effective testing of RIA interfaces Is a very
challenging task
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Erom hypertexts to RIAS

HYPErtexts consist of a set ofi static; HTVILE pages

Welh 1.0rApplicatiens: (1In particular i Client
Welh Applications)) are client-senver applications
IR WRHICH the: server side manages all the
application; 1ogic

I RIAS, a large portien eff the application legic Is
Managed onl the client side and an Impertant
amount ofi cede! Is| devoted to the user interface
management
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RIA User Interface

It is implemented by Web pages composed by individual
components, which can be updated, deleted or added at run time
iIndependently.

= The manipulation of the page components is performed by an Ajax
engine written in JavaScript

Its status changes due to Javascript event handlers elaborations.

= Event Handlers are triggered by user events or other external events
(such as timeout events or asynchronous responses from the server).

The RIA User Interface can be considered like a
dynamically changing event-driven software
system (EDS).
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Some RIA Testing Open ISSues

How! the' artifacts to) be tested: can be modelled?

a Artifacts;can be dynamically implemented and modified, se the
model cannot be statically definea

IHOW. test cases can be autematically: generated?
s How: eracles can be defined?

IHOW/, tesSt Cases canl be avttomatically replayead?.
s How: eracles cam be evaluated?

What kind ofi toels' can suppoerting testing Processes?
What kind of defects can he autematically tested?

A set of mogdels, techniques, tooelsiand processes willibe
presented and discussed In: order torcategorize possible
solutions to this open ISSUEs
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RIA Interface

Event based testing techniques of GUI of
desktop applications are based on models such
as:

= Event Flow Graphs.

= Event Interaction Graphs.

m Finite State Machines.

Due to the similarities between RIAs and GUIs,
all these models may be used to model the
behaviour of an RIA.
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Einite State Machine Model

FSM represents all the elaboration states where the RIA receives any input

solicitation by its user.

Each state of the RIA is described by the client Interface shown to the user

at that interaction time.

Each client interface is characterized only by the sub-set of its active
widgets that are ‘clickable’ or, more in general, that have a registered
event listener and a corresponding event handler.

Transitions are associated with user interactions that trigger the RIA

migration towards the new state.

+Event Handler

Porfirio Tramontana — WSE 2010 — Timisoara — 18/09/201.0

In a first approximation,
different Client Interfaces

correspond to different States
The number of possible
states may be unlimited !

A more useful model will
consider ‘equivalent’ Client
Interfaces as the same Stat7e




ESM Reverse Engineering lrechnigue

In the past, we have proposed a reverse engineering
approach for obtaining the FSM that:

Is based on the analysis of the execution traces of the
RIA;

Solves the problem of FSM states and transitions
explosion by heuristic criteria that aim at clustering
equivalent states and transitions of the FSM.

In example, two client interfaces may be considered equivalent
If they contain the same set of containers with the same ID
attribute value and containing the same type of widgets

1. D. Amalfitano, A. R. Fasolino, P. Tramontana, Reverse Engineering Finite State Machines from Rich Internet Applications,

(WCRE 2008).
2. D. Amalfitano, A. R. Fasolino, P. Tramontana, Experimenting a Reverse Engineering Technique for Modelling the Behaviour of

Rich Internet Applications, (ICSM 2009).
3. D. Amalfitano, A. R. Fasolino, P. Tramontana, An Iterative Approach for the Reverse Engineering of Rich Internet Applications,

(IARIA ICIW 2010).
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A

Test case generation technigques

POSsIble approach fielf test cases generation

Pased on dynamic analysis censists In the

CcO

lection of execution: traces, and: In thelr

transformation to test cases
Execution traces) may. e collected:

By a manual approach hased en' the' analysis of the
Interactions withran RIA efi real UsSers; or testers;

By an autematic appreach hasead onr Crawiling
technigues;

BY mixingl manual and autematic' appreachnes
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Manual vs Autematic llest Case Generation

Manual approaches can produce: test cases that actually reproduces
the real user hehaviours firem execution traces

The autematici appreaches can e executed in a completely
autemated way

Bothl appreaches produces Very huge test suites
a But they should be: thie only: practicable appreaches in albsence of
documentation and/or the server side source code

s Techniguesican be proposed for stopping the execution| traces collection
and for reducing the: test suite: size on the: basis of model/code coverage
criteria

State’ coverage, liransition; coverage, Path coverage
LOC coverage, FUnction coverage, Script coverage

D. Amalfitano, A. R. Fasolino and P. Tramontana, "Rich Internet Application Testing Using Execution Trace Data," Third
International Conference on Software Testing, Verification, and Validation Workshops, 2010 (TESTBEDS 2010), IEEE CS

Press, pp.274-283
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Testing Oracle

The autematic definition; ofi oracles s, pessible enly N Seme: Cases:
s [nvariant Tiesting
Jihe eracle can be expressed by means, of qUEKES onl the Interface
m Crash Tiesting
The eracle consists of the absence off raised! exceptions
= Regression Testing

Iihe eracle is the eguivalence withi the interface ebtained by the orginal
Version of the mutated application

Otherwise, oracles must e manually defined for each test case

Objective oracles can be automatically evaluated
s E.g. oracles defined in termss of XPath gueries
Slubjective eracles must be manually: evaluated

n E.g.: some usability er accessihility Issues ane usually: manually
evaluated
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Testing Autemation Teols Categories

Crawler

s [hat autematically mavigates RIA Interfaces
Capturer

m That collects execution traces: by olserving the user navigation
Jlest Case Generator

m That extracts and encodes test cases from execution traces
llest Suite Readucer

s That reduces the size ofi a test suite trying te not reduce Its
efifectiveness

Test Case Replayer:

m That automatically replays enceded test cases
Assertion Generator

a That automatically: generates eracles
Assertion Verifier

m That automatically: verifies eracle assertions

Porfirio Tramontana — WSE 2010 — Timisoara — 18/09/201.0




Supperts the
User during
the execution
traces
collection

Produces the
FSM on the
basis of the
collected
ExXecution
traces and: of
the chosen
clustering
NeurIstics

Tudu Lists

%&ﬂiﬂg Things Done!

Tur

Actions
@ Refrash
[ add a new list

My info

Filters
Mext 4 days

SOURCEFORGENET

CRERIA

My Todos

Log out

-3 pippo21

Add a new list

Description I
allow RSS publication? [

[ Submit 1 [ Cancel ]

URL! |http:,l’,l’app.ess.ch,l’tudu,iwelcome.actian

User Name: ‘ SoftwareEngineeringGraup |

Trace Mame: ‘ TuduExperiment41 |

Aukomatic Suggestion E Semaphaore --

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

Recorded Interfaces In the Current Trace: 2 Suggest Me

€1 % 100 T2 % 100 C3 % 100 T4 % 100

Insert a Label For The Current State:

C2 Suggestion i3 Suggestion C4 Suggestion

| no list ‘ | e State | ‘ e State | | Mew Stabe

[add 1 suagestion ] [add c2 Suggestion] [add C3 suqaestion ] [dd C4 Suagestion|

1 Suggestion

W Did you Find a bug? Thanks for 5

[_Show c1 5ua. | [ show cz Suga. ] [ show C3Suaa. ] [ Show C4 Suaa.

Insert a Label For The Last Transition: |
TO% 100 TiC1% 100 T1CE% 100
T2C1% 100 TZC2% 100
T0 Suggeskion

T1C1 Suggestion

T1C3% 100
T2C3% 100

T1C4% 100
T2C4% 100

T1C2Z Suggeskion T1C4 Suggestion
| e Transition ‘ | Tlew Transition | ‘ e Transition | | Mlew Transition
[_Add TC1 Sugq. ] (AddT1C2 Suge. | [_Add T4C3 Suaq. | [ Add T1C4 Sugq.

T1C3 Suggestion

T2C1 Suggestion T2C2 Suggestion T2C3 Suggestion T2C4 Suggestion

| Mews Transition ‘ | Tleus Transition | ‘ hew Transition | | Mlew Transition
[_Add T2¢1 Suea, | ((AddT2C2 Suna, | [_Add 123 Suaa, | [ Add T2C4 Suaa,

- DB connection closed - »~
- DB connection open - =]
DM description completed E
Event click handler terminated
click Bubbling phase captured
- DB connection open -

- MR rannectan anen -

b

Available from http://wpage.unina.it/ptramont/downloads.htm
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CrawiRIA

EXplores the statés; ofi the! interface ofi a RIA by tHggerng
the events related ter the wWidgets of the interface, With a
depth first or a breadthlfirst strategy

a [ree branches are cut When an| interfiace equivalent to anether
already’ visited one Isiencoeuntered

[Heuristic clustering critera are used to evaluate the eguivalence
PEtWEEN the Interfaces

Produces a set of execution traces, all starting firem| the
same starting| state

CrawlRIA Is currently under restructuringl and it will be enline seen!
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TestRIA

Jransforms traces In executable — = -
test cases) (as; Selenium O Sekeyowmes

Traces avaible

executanle tests) [ ———
. . e
Reduces test suites; acconding Bls Jres  hem
1o some ESVI model coverage . |
g i | e st [0 | Interface Clustering |C1 B
crieng e [ —
SUPPeKS assertion generation i

[F7 " reces  Paasmo__[aoos-1
Replays encoded test cases

D. Amalfitano, A. R. Fasolino and P. Tramontana, "Rich Internet Application Testing Using e it [V] Reduced TestCases
Execution Trace Data," Third International Conference on Software Testing, Verification, and [ Full TestCases

Validation Workshops, 2010 (TESTBEDS 2010), IEEE CS Press, pp.274-283

Available from http://wpage.unina.it/ptramont/downloads.htm
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DynaRiA

DymRamically’ captures
Infermation about the
execution sessions of a
RIA

Produces metrics, static
and dynamic views of the
RIA interfaces

Monitors JS crashes,
RELWOrk exception; anad
other fault causes

Replays execution
Sessions

Domenico Amalfitano, Anna Rita Fasolino, Armando Polcaro, Porfirio
Tramontana, DynaRIA. a Tool for Ajax Web Application Comprehension, Tool demo
at the 18th IEEE International Conference on Program Comprehension, ICPC 2010

Auvailable from http://wpage.unina.it/ptramont/downloads.htm
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Putting all tegether:
Crash Testing Process

Execution l as Replayer

Traces rashes F M Cases Crashes
@ DynaRIA = OR } Report
N Monitor

o CReRIA

1

User [ Tester

Examples; efi faulis that can e diScovered:
s JS unreferenced ohbjects
x Array out of beund
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Putting all tegether:
User Visible Fault Tlesting Process

RIA Selenium
Executable
Test Cases

— CrawlRlA
Execution Replayer

Traces Faults ]
TestRIA Report Assertion
Verifier

Caphawr CReRIA |

User [ Tester

User / Tester

Examples: A o ik e
s Invariant Tresting -~ Opp Ilcatlor':' nvariant Testing
Accessibility testing  OlaCieriesting

Error page detection i
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Putting all tegether:
Regression Testing Precess

Changed Version
of RIA

he oracle Israutematically defined in’ terms of
eguivalence with the'mterface obtained by executing the
same test case on the onginal RIA version
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Conclusions

Fhe RIA testing I1s a relatively: new: buit: terriialy,
challenging field

We have propoesed Some Processes supporting

the testing autemation In| a client side: reverse
EngINeering secenare Without ne; aCCess to Server
side code and documentation

m [he processes are suppoerted by a set ofi toels that we
are developingandthat anre freely: availanieren my/
Wehsite at hitp://wpage.unina.it/ptramont
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Euture Works

Execution: oft larger case studies and/or empirical studies
Iniorder to evaluate effectiveness and' efficiency’ of
1esting| PreCESSES by Vaying:

Number and type ofi USEers
Applications
Reduction| technigues

The type of defects (loy using a suitable fault moedel and fauli
Injection technigues)

Comparsen wWith other emerging approaches/iools; stch
as the ones ofi the SERG greup! in Delfit and of IRSH 1n
Trento
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