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Abstract: AJAX applications are notoriously errprone due to, e.g., their state full, asynchronous, and-baset
nature, the use of (loosely typed) JAVASCRIPT, the clgdé requiremento f the browsObjecdbs Docu
Model (DOM), and the use of delta comnation between client and wederver. Unfortunately, static code

analysis techniqgues are not able to reveal many of the
that end, we propose an implementation named ATUSA in which we autofyatiesve a model of the user
interface states of an AJAX application by fdAcrawlingc

components. In order to recognize logical failures in these executions, we propose the use of invariants obtained
from the crawling process and for handling structural failures we propose to implement Metamorphic Relations
based oracle. The results highlight the efficiency of the proposed approach in termsddtiatihg performances
reliability andscalability,automatic construction modahd the usefulness of invariants and metamorphic relations.

Index Terms: Ajax, JavaScriptTesting andDebugging, Metamorphic Testing, Machine LearniMgtamorphic
relations, Automatic testing.

l. INTRODUCION server. For this application developmentcently

A _ used tool such as Seleniwfier a captureandreplay
Now adayos growing trend & ofdeRtihg fbrmBdBf Wéb apBlitations. While

modern applications tbugh webis the main aspect such tools are capable of executing AJAX test cases,

for web testing. A well known examples include the they still demand a substantial amount of manual
Googledos Gmail, w Galeddar p r o&i&t$rénl tHe Seste®hrPiraditional tool was taking
applications.For this application developme®iSP manual effort for devep these type of dynamic web

and servelts techfmpies are used. But these  gppiications. Existing tool c andét befor suppor t

technologies are used for accessing more updated gynamic web testingFor dynamic user interface of
information in web application development. For  aAjax applications we obtain a modbl crawling
todayos web applications maxmgricationsts déntiff fle keyecvdhtd @ld0 9y
were introduced for development of above mentioned  components present in AJAX applicatioris. this
applications i.e. AJAX is the acronym for the application Invariants are the properties of either
Asynchronous JAVASRCIPT and XMLUse of client side DOM tree hold the execution.

AJAX technology positively affects the user
friendliness and interactivenes$ web applications

AJAX applications are noticed their stateful,
asynchronousand event based natufeo r browser
Document Object Model between client browser and

web server.In order to developmemtf dependability

of the AJAX applications andtatic analysis can be
developed. This developme is based on page

request and responseodel AJAX applications are
commonly error pronedue to their natularityand

client manipulation of the browsers Document Object

Model and use of communication between client and ~ Figure 1: Example for DOM tree construction.
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As shown in the widget is a suleérof the
DOM object. Route element s havingds like
widget#1 and widget#2DOM tree was used to detect
the violations in HTTP request and response present
in the web applicationdncluding DOM violations in
HTTP it consists crawling infrastructug@milar to
CRAWJAX as well as series of testingpecific
extensionsijt refers ATUSA (Automatic Testing of
User Specific AJAX). Wehave implemented these
tools as a series of AJAX applicatioriaurthermore
this testing tool was used to test the invarigméesent
in the JAVASCRIPT modern applicatianor this
process we propose to extend our ATUSA tool for
supportingJAVASCRIPT modern application€nly
the programmer can understand if the analyzer points
to a real error or it is just a false positive. The
necessity to review false positives takes work time
and weakens attention to those code fragments that
really contain errorsin this paper we pmose to
implementmetamorphic testingMletamorphic testing
is a techniqudor the verification of software output
without a testingcomplete testingracle.The subject
program is verified through metamorphic relations
(MR). It is unlikely for a single MRto detect all
possible faults. Therefore, four MRs that are quite
different from one another with a view to detecting
various faults will be used. Finding good MRs
requires knowledge of the problem domain,
understanding of user requirements, as well aesom
creativity.

. LITERATURE REVIEW

As mention in theabove discussioomodern web
interfaces in client side user manipulation is
separated with server side application logic
developed by the programmeérhis testing process
considers two types of
traditional web testing and graphical user interface
web testing in developing of web applications.
traditional web testingd o e s n 6 t suffigieatv i
detailsto determine thewveather cope with modern
AJAX applications.In this system testingool is
based on therawler capable of detecting data entry
points Traditionally ReWeh a tool was creating a
model of the applicatior.ogging of the usesession
present data on the server sitfeused for automatic

testing.Above techniques have limitation on solving
faults that are due to tleomplex runtimeof the web
applications.Due to dynamic nature of theA\JAX
applicationswith specific naturefeatures such as
client side communications arynchronous which
may havegraphical orientedapplications. For these
graphical AJAX applications with invariants present
in the applicationscurrently Selenium IDE for
testing application®Detection of ivariantsis another
direction for modern web applicatigndiakon a tool
capabilingof aexploring ways of automatic detection
of invariants in both AJAX and JAVASCRIPWeb
applications.
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Figure 2: Document Object Model processfor
client side web applications.

As shown in the above client side applications for

generating test cases using document object model.
In this model we can access the efficient test case
results based their invariants or properties present in
both AJAXand JAVASCRIPT web applicationBut

for most generation of test cases above mention
AJAX and JAVASCRIPT based technologies can be
worked efficiently hy using metamorphic testing

we lE)reslén‘? Pntlaltegt gce(%tlst‘lgi facfilifieé. S1nt rJneYamdrprPniI: roduc

testing we are using s@metamorphic relations like
functions based regular expressions present in the

d Snathematical calculation. Our proposed work apply

in these achievements efficiently when compare to
ATUSA on both AJAX and JAVA SCRIPT web
applications.

Il. BACKGROUND WORK
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Todayd s dynamic nature of
nature can be calculated in two ways static analysis
and dynamic analysis. Static analysis is the analysis
of the software applications in without executing
programs, dynamic analysis is the analysis of the
compuer software applications with execution of
programs in sequential order. Due to supporting of
this nature for dynamic web applications one of the
deriving technology like AJAX acronym for
Asynchronous JAVASCRIPT and XML. In this
applications user navigatiois not necessary for
accessing services through HTML tags. Due to the
asynchronous nature of the AJAX applications and
JAVA SCRIPT the client side manipulation of the
web browserod6s Document
communication between client and servéor this
communication between client and server testing
process traditionally developed testing tool like
Selenium, it captures and replay style of testing
modern web applications. But In this tool also
contains manual effort on user for generating test
case generations. For automatic test generation of
testing of web applications we obtain a model for
testing AJAX applications. We automatically derive a
model of the user interface states AJAX applications.

tthie eerrors; eFbr dedeptipd thesea type coh exrprs we
actually necessary for executing a part of the program
virtually. It is difficult to implement because such
programs takes more space for processing them.
Dynamic analysis is the most efficient tool for
detecting concurrency errors present in program.
Secondly false positive reports, these type of errors
can understand only by the pragmimer. False
positive takes work time and weakens attention to
those code fragments that really contain faults.
Above mention static code analysis based on oracles
for initiating testing. We propose to extend ATUSA
in metamorphic testing. Metamorphic tesfiis a
technique for the verification software application

O bnjtheut tcompliebed of loracla rtedtingd ®létamarphic

testing observes executions do mesultin failure,

they still provide useful information.  This testing
can be used for construction test cafsem original

set of test cases with reference to selected necessary
properties of the specified function. Such functions
are referred to as metamorphic relations. A
metamorphic relation is used for detecting all
possible errors in program. A good metanmicp
relation is it requires knowledge of the problem
domain with understanding of the user requirements

We obtain above model bfi c r a@wl iamg A J A Xs well as some creativity. So this kind of testing

application code to identify key events and
components. For developing invariants of the client
side Document Object Model in execution state we
are developing crawling infrastructure similar to
CRAWLJAX as well as series of testing specifics
(Invariants: properties of the either client side DOM
tree derived state machine that should hold for any
execution) referred to as ATUSA acronym for
Automated testing of User Specific AJAX. The
results highlight the efficiency of the isking
approach in tens of scalability and automation
model for testing approach.

V. PROPOSEDWORK

Automatically detecting dynamic structural and
JAVASCRIPT invariants in modern web applications
is complicated due to short comings of Static code
analysis techniquesStatic codeanalysis hastwo
disadvantages; firstltatic analysis is the normally
poor regarding diagnosing faults and concurrency of

facilitates in an automated addressing of all possible
forms of failures be it structurally or laglly.

V. METAMORPHIC RELATIONS

We outline the MRs that we have a tendency to
anticipate classification algorithms to exhibit and
additional functions as follows:

MR-0: Consistence with cosine transformation. The
result can be the same if we apply the related
arbitrary cosine transformation function, f(x) = ax +
b, (ax= 0) to every value x to any subset(S) with
training data set S and the test cases.

MR-1.1: Permutationof the prescribed class labels.
If source result is ve then apply prescribed class
labels followed up case.
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MR-1.2: Permutation of the property aspects. If
permute the n attributes of all samples and therefore
the test data.

MR-2.1: It describesthe uninformative with their
properties.Selection of the actual value to be added
here is necessary as this attribute with related class
labels.

MR-2.2: Addition of informative attributes.
According to the source input then results were
obtained and spé#y the attributes powerful related
class with different classes.

Metamorphic set contains programs logic,
implementation of metamorphic relationsvith
evaluation resultdNVe are taking testing results of the
every method present in the web applicatiewilow-

up test cases ought to be created from the original set
of test cases with relation to designated necessary
properties of the desired functions.

Stepl: Consider a program under test P; collect
the set of programs descriptions Byt
represents the programs interacting with
P.

Step2: Design a metamorphic relations MR

applicable to test P.

Step3: Implement MRi in the metamorphic set
MS of the P.

Step4: Repeat Step2 to Step3, until no more
metamorphic relation is needefbr
testing.

Step5: For each available successful test case

to, dO

i. MS uses applicable MRo construct
the followingup test case of t,.

ii. MS invokes P to execute t

iii. MS obtains the final results t

iv. If MS detect a failure by using MR
then reporthe failure and go to Step
(step7).

V. Repeat StepS(i) to step5(iv), until
no more applicable MR

Step6: Report that no failure is found.

Step7: Exit

Figure 3: Algorithm for working of metamorphic
relations.

In Stepl, cdlects the prograntdescription that the
program under test. In st&) metamorphic relations
are designed which are applicable for testing the
program P. In stef3, implement the designed
metamorphic relations present in metamorphic set.
The above two steps i.e., st2p3 ae implemented
recursively until no addition relations are needed. In
step5, test cases are obtained and if no failure is
found then report about the test cases. If failure found
then exit, and r@pply the metamorphic relations.

VI. PERFORMANCE ANALYSIS

In this section we describe the results of testing
results mention in the above discussion. Load the
program for ATUSA tool for testing application
working procedurelnvariants are the properties and
events present in the prograkive define invariants
shauld be hold and checked on the dynamic states
with specific AJAX and JAVASCRIPT application
developmentWe currently supportor invariants in
XPathregularity withefforts.
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Figure 4: Comparison results with ATUSA and
metamorphic relations.

Meta metamorphic relation is used for detecting all
possible errors in programAs shown in the above
figure testing performance results can be calculated
with each functionpresent in the metamorphic
relaion. For example we taking input as web
applicatbns then our proposed metamorphic relations
can be applied on existing source code present in the
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web application. Then our proposed work can be give  [4] M. Bened, J. Freire, an

results according their source code have equivalent Automatically Testing Dynamic Web

testing Easibilities ornot. We are applying each Sites, ®68p2p02Pré6c5 41 1t h I nt 6l Con

me@amorphic relation present in the metamorphic  World Wide Web.

testing using regular expressions. For example f(x) =  [5] fiFinding bugs in dynamic web

ax+b is an regular expression for solving coordinate appl i claDolby S Arzi, A.M.

feasibilities in mathematical calculation. By using Paradkar, and M. D. Ern$t.S S T A, Juy0 8

these type of relations present in the metamorphic 2008, InProc. Int. Symp. on Software

testing feasibilities are gathered accurately. Testing and Analysis.
[6] A. Mesbah, and A. Deursen,

VL. CONCLUSION iRegr essi onApplieatons: ng Aj ax

Coping with Dynamism, 0ol ARté¢. COmifr d

Unfortunately, static code analysis techniques are not 128136, 2010, Software  Testing,

able to reveal many of the dynamic dependencies Verification and Validation, pp.

present in todayds web applications. To that end, we

propose an implementation name®R driven
ATUSA in which we automatically derive a model of
the user interface states of an AJAX application by
icrawlingo the AJAX application code to identify key
events and components. In order to recognize logical
failures in these executions, we prepothe use of
invariants obtained from the crawling process and for
handling structural failures we propose to implement
Metamorphic Relations based oracleThese
metamorphic  relations are processed with
equivalence and non equivalence relations among
reguar expressions.
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