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The Context

Withi the  dififtision; of new! paradigms, and technoelegical
solutions, for the Web (RIA and- Ajax, SOA, ...), existing
WehrApplicatiens are lrapidly: become: legacy,

A strategic ehjective: integrating that existing
applications Withr thernew: platierms

AR Gpen Issue: defining effective appreaches; for
analysing andrclassiiying the Wel Applicatiens: User
Interface
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Automatic Welb Pages Classification

Welbh Applications Interact With USers oy means of Client
Pages that are dynamically: generatea

Given| a classification ofi Bullt Client pages inl a Set: of
eguivalent classes

m ... classes may correspond to the different reached Weh
Application’ scenarnos

m ... classes may cornrespond! to the different results of the
execution of test cases

The proklem:

m [0 prepese a technigue for the automatic identification ofi the
eguivalence class a \Wel page belongs to
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A possible application secenario

DEsIgRING WirappEers that encapsulate the original
Ulwith the aim) of exporting a renewead
Interface; suchras a el Senvice ene

n [[he possikle reached scenanos represent the classes
10 FECOGNISE.

a [The Wirapper has' terautematically, Identify: the ¢lass: in
Older to knew: the state: of the Interactien with' the: Ul

andi the actions to he performed
Access
Permitted
?

Login Login _

Request 4
Access
Denied

G. Di Lorenzo, A. R. Fasolino, L. Melcarne, P. Tramontana, V. Vittorini, “ Turning Web Applications into Web Services by Wrapping 4
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The propesed solution

e find}, for any. class, a cembination: of VWel
pPage features fier any. class that are satisfied Just

9y PAGES; PEIGN@ING| 1o that: class (Classiiication
MeCEl)

\We are Interested to a solution that Is:
= Accurate

The classification approach should e very: reliable, 1n order
10 sUppert automatic tasks

a Efficient

The classification approach sheuld suppert a fast
classification of dynamic built client pages
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The propesed appreach

Three step iterative process: — = 4
Training Feature Feature
Set . Candidature he=—-— Reduction
i Feature Candidature
. Generation of a set of features, \ /

representing page i Feature
characteristics _> Validation
4. Feature Reduction l
. Proposition of a combination of assifi-
the candidate features allowing Cation
the identification of the class of Model
any Web page

Q) l
3. Feature Validation page
C

. Evaluation of the accurateness
of the proposed classification

model (i.e. the set of _ o
discriminating expressions) The resulting classification model allows a

Classifier module to automatically determine
the class any Web page belongs to
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1 - Feature Candidature

//a/text()="Activities” //h1/img
A feature Is a characteristic :
s . r
retrievablelin a Web! page L %ﬁrWV
interface edd IFJ.{;'I.'c." eb ro Its fu Potential...
s |t Is retrievable by analysing its
HTMIE code
A feature can be associated to a *| Web Services Policy 1.5 Is a W3C
XPath guenry (lf the HTML code Is Recommendation

XHTMLE-compatible)

Testimonials

Deutsche Te' :kom AG,

A set of features that

COUId ! be UserI for Sl » Web Services Addressing
discriminating a: class are Recommendtion

PrEPESEQ

a |deally speaking|, we search
for features that are
retrievable  just In the
pages belenging to a class

/html/body/div[4]/form
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T
O

2 - Feature Reduction

ie goal of the: Feature Reduction step IS e
gt DISCHMINAURGE EXPESSICRICI EACH

C

ass, I.e. a compination of features that IS true

e eachi\VWelh page belenging terthe class, fialse
elsewhnere

TThe Feature Reductions Is executed on the set of
candidate features

m A training set of pre-classified pages Is adepted
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Evaluation: Matrix

Candidate Features

M(i,j) is the value of
_ Logout Incorrect AdminLog... |cinkToHome
|-1 o

the Feature j for the > I N
- Training X X
Web Page | e T %
Pages
4
Class C1={P1, P3}
Class C2={P2, P4}
Class C3={P5, P6, P7}
The features with all true (or false)
values are deleted: they surely are not
useful to discriminate Classes
e
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Concept Analysis

e Concept Analysis is adopted to
find features that characterise
classes of equivalent pages

e A Concept Lattice may be
automatically built on the basis of
the Evaluation Matrix values
(evaluated on the Training Set)

Not(Incorrect) Not(AdminLogged)

Adrn‘inLogned
2 £

Successful Login ) : ; Incorrect Login

Attributes = Candidate Features

Objects = Training Set Pages

10
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Feature Classification

According to Eisenbarth, Keschke and Simoen?, features; ane classified, with
respect to classes as:

= SPeciiic, if it is satisfied by all and only the pages of the class, C;

e Relevant: ifiit is satisfied by all the
pages, of the class C; but alses by other
pPages firem other classes;

s CSPC (i.e., Conditionally: Specific): ifi it
IS satisfied by a sulset of pages of the
class C and by no other page fren other:
classes;

s Shared: ifi it is satisfied! by a subset of
pages of the class C and by other pages
firom! ether classes too;

* |rrelevant: if it is not satisfied by any
page of the classes C.

ki T. Eisenbarth, R. Koschke, D. Simoen, “Locating features in source code”, IEEE Transactions on Software
Engineering, Volume 29, Issue 3, IEEE CS Press, March 2003, pp.210 — 224 11
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Not(ncorrect) | | Not(AdminLogged)

AdminLogged
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For the class
Successful Login

e Logout is Specific

e Not(Incorrect) is
Relevant

e AdminLogged is
CSPC

e Not(AdminLogged)
IS Shared

e Login is Irrelevant

12



Feature Classification Evaluation

he Classification of the features may. e
evaluatead onl the basis of the: Concept
Analysis results:
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Rules fier generating; Discriminating Expressions

e Our goal is to obtain combinations of features (Discriminating Expressions) that are specific
for a single class, i.e. that are true for any page belonging to the class and false elsewhere

If the class C includes at least one specific
feature, any of these specific features can be a

candidate discriminating expression of the class.

If there are not specific features, then a
candidate discriminating expression can be
obtained by considering the logic and of the

relevant features
If there is a couple of features f1 and f2 so that f1==> 2

(i.e. Extent(AC(f1))c Extent(AC(f2))), then it is possible
to simplify the expression by discarding the feature f2

from it .

If there are neither specific nor relevant features, then a
candidate discriminating expression can be obtained by

considering the logic or of the CSPC features
If there is a couple of features f1 and f2 so that f1==>f2, it is possible to

simplify the expression by discarding the feature f1 from it .
14
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3/ - Discriminating Expression Validation

Recalll And: Precision:

Fallea Classification: the page: class has not heen identified,
PEcaUse no discriminating feature (or more than ene) has heen
satisfied by the page;

lncorrect Class/ificanosn: the pager as been attributed to an
[INCorrect class;

Correct: Class/fication: the page has been attrbuied 1o the correct
class

15
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A Classification Example

 Web Pages related to the AdminBooks
page of the open source Web application
Bookstore has been considered

Empty B=
List

e Five classes of Web pages

= 25 Web pages training set Single B8

» 65 Web pages test set Page

&'i"‘ 8 U 2 8 @
LaSt ~“BookStore Home Ragliraion Shesping Cat Sala ddaissiation

S bt

..... e

16
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A Classification Example

Ioigﬁs t or e I?;: Reg;gtion Sllop%carl Sig; In Admigation

Add
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Candidate features

L UL - 8 candidate features have been
-First iteration-

XPath Expression CO”Sldered
N Search Fl | [fhtrlbodyitable] 1 )thodytr[ 14 d[ 1] farm)

e f1, f2, 3, f4 have been discarded
(always true)

» Negated features have been introduced

Classﬂ'catmn of Candidate features

-
Page Page Page page Llst
Speclfc

Relevant

18
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Discriminating Expressions — Eirst iteration

Candidate Discriminating Expressions
-First iteration- Training Set Validation

Class Discriminating
E:-:pressmn

There is not enough
precision!

A new iteration of feature
candidature is needed
New features have been added:
1. We need to distinguish
: .f'F'rE'-.-'iDurz:" /htrnifbody/table 1)td[1])/tz when the words “Next”
(absolute) hle[1]f .' i ':: and “PreViOUS" are
links or simple labels
2. We need to
distinguish between
Text "Mo records” (J="MNo records" empty page and Single
(relative) page

19
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Discriminating Expressions — Second lteration

EEPFESS'“"S Validation is OK but

there are some
problems in a page
belonging to the
Test Set (assigned to
Central page instead
of Last Page)

The incorrect-assigned page has been added to the Training Set and the
Candidate Discriminating Expressions have been evaluated

e " Recall and Precision are,
g _ _ now, 100% both on the
Single Page 714 AND 78 Training Set and on the
Empty List Jle Test Set -
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Discussion

Process Effort

= Inithe case study, about 100 minutes were needed to
ebtain; the: classification model

a [[he activities reguirnng humani interventien Was the
Most critical

Tramning and Test Set Collection step

n [he reliability of the classification model depends;on| the
represeniatveness ol the Tiraining and Test Sets

m \WWeb pages resulting frem the execution| ofi a Test Suite may. e
gooed candidates te fill i the Tirainmel and the Test Set

Feature Candidature step

= Heuristic technigues allowing| a semi-automatic generation of
features are currently Under expermentation

21
\Wel Pages Classification using Concept Analysis - ICSMI 2007 — Paris — 4/10/2007



Eurther application SCEnaries

SUpport te) testing autemation

s [he possible reached pages are arranged in a set ofi equivalence
classes, cornresponding to: different test results

s [he proeposed discrhaminating expressions make it pessible the
autematic evaluation ofi the testing| results

SUpport te dynamic analysis

a The recognition of the reached Interaction scenarios makes it
possikle the auteomatic collection of legs of the visited use cases
and secenaries, providing alse useful infermation| for User profiling

22
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Conclusions and EFuture Works

A" precess; for the definition of a classification moedel
allowing the autematic Identification of classes: of Buili
Client: pages has; veenr defined and validatied

The classification.  modell  allews  the  run-time
identification of the: classification oft a Bullt- Client page,
WITth! Sert respoense tinme and high precision

Euture Works:

a We are working| fier the process Improvement, in order to reduce
the efifort needed te human made: tasks

a Further expernmentation will'be: carriedl eut In; order 1o assess the
scalability’ of the approeach

23
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Time is over ... Are there any questions?
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