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Abstract. With the Web’s emergence and generalization in various domains such as economy, commerce,
education, culture, etc, the Web application reverse-engineering process becomes necessary in order to facilitate the
maintenance of such applications and the evolution towards new Web technology like XML, semantic Web, etc. In
this paper, we propose a new approach for the Web application reverse-engineering. The approach is based on
ontology and it generates a conceptual schema modelling the Web application. This conceptual schema is rich in
semantic but reduced in relation to the global ontology. The proposed approach mainly relies on HTML pages
analysis, i.e. to analyse tables, lists, forms, etc. It consists of three successive phases: First, the extraction of useful
information from the HTML pages. Second phase is the analysis of the extracted information using the domain

ontology. And finally, we generate the corresponding UML conceptual schema.
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1. Introduction
With

For their objective, the majority of Web application

the advent of Internet and Web-enabled reverse-engineering approaches adapted techniques of

technologies, new applications are developed in the
format of software systems that deliver specific
functionalities as services through the Web. These
applications are required to undergo a reverse
engineering process to be maintained, evolved, migrated,
and understood.

Several reverse-engineering  approaches  were
proposed. These approaches aim a conceptual schema as

a target schema [2], [5], [6], [71. [81, [°], [4], [24], [25].

data-bases reverse-engineering. For us, we tried to adapt
the approach of MALKI and al [14], [15], [16], [17],
[18], who proposed a bottom-up/top-down hybrid
approach based on forms analysis to perform the data
bases reverse-engineering.

All  the Web

approaches follow a strictly bottom-up abstraction

application  reverse-engineering

process, i.e. abstraction is obtained through

transformation of the analyzed logic schema. This



bottom-up approach is less adequate if a preexistent
partial design for data structure (documentation or
knowledge of designer or domain expert) and/or domain
ontology of the application are available. For that, we
propose a Web reverse-engineering approach requiring
a bottom-up/top-down hybrid data abstraction process.
This approach consists in analyzing dynamic Web pages
while being centred on tables, lists, forms, etc. It is
based on domain ontology for generating a conceptual
schema.

2. Ontology Based Web Application Reverse-
Engineering Approach

The approach consists in three successive phases (Fig.
1):
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Fig. 1. Ontology based Web Application Reverse-engineering
Process.

First phase is the Extraction of useful information
from HTML pages. Useful information is this presented
in tables, lists, forms, etc. Second phase is the Analysis
which stars with a comparison accomplished between
the extracted information of the preceding phase and the
concepts of ontology by using semantic distance
techniques. This semantic comparison permits the
extraction of a concept set which presents the content of
HTML pages. Then, the inference of new concepts and
relations is done. The last phase consists in generating
an UML conceptual schema.

The objective of our approach is to extract a
conceptual schema describing the Web application
based on domain ontology.

Initially, we assume that:

1. In HTML pages, a concept of domain ontology can
be indicated by a table field or a list element; Or else,
it can be indicated by a set of table fields or a set of

list elements.

2. An ontology exists, built by experts and it is specific

to a domain (domain to which belong the HTML
pages).

3. From the domain ontology, we can extract the global

conceptual schema describing the entire domain.

Next, we present in detail the phases of the ontology

based Web application reverse-engineering process.

2.1. Extraction of useful information

This phase starts with filtering HTML pages, followed
by the extraction of DOM* and finally the extraction of
useful information from DOM (Fig. 2.). Filtering
consists in browsing the source code of HTML pages,
eliminate useless tags such as those of layout (e.g. <b>,
<i>), and preserve useful tags, which carry information

to be treated in the following stages (e.g. <form>,

! DOM : Document Object Model is an API witch consists in
decomposing the HTML or XML document content in a tree
structure of nodes (each element of the document is a node).



<table>, <td>, <tr>, <ul>, <li>). The result of this step

is a set of cleaned HTML pages.
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Fig. 2. The phase of Extraction of useful information.

Cleaned HTML pages will be presented in DOM
logical format in order to facilitate there manipulation.
From this DOM logical format, we can now extract the
useful information stored in tables, lists, forms etc.

2.2. Analysis

The analysis phase is a steps series for the treatment of
useful information resulting from the previous phase.
The result of this phase is the generated UML
conceptual schema describing the Web application (Fig.
3).

Morphological analysis. The analysis phase starts with
a morphological analysis applied to the tables fields and
the lists elements extracted from HTML pages. The
morphological analysis consists in removing hyphens
and keep terms stem as they appear in WordNet? (e.g.

morphological analysis of ‘running-away’ is ‘run
away’). The result of this stage is a set of terms which

can be identified after as concepts of ontology.
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Fig. 3. Analysis phase.

Calculation of semantic distance. Several approaches
have been proposed to calculate semantic distance
between two concepts; those approaches aim to quantify

how much two concepts are alike.

2 WordNet is a lexical data base witch organizes names and
verbs in concepts (synset) in is-a hierarchy of relations. Each
concept is described by a short gloss.



Semantic distance approaches relying on WordNet
can be classified into three categories:
1. Similarity measures based on path lengths between
concepts: The LCH [12], the WUP [23] and the path
measure. The last one is equal to the inverse of the

shortest path length between two concepts.

2. Similarity measures based on information content:
The RES [21], the LIN [13] and the JCN [11]

measure.

3. Relatedness measures based on
between concepts: The HSO [10], the LESK [3] and
the VECTOR [20] measure.

relations type

To calculate semantic distance between two groups
of entities, several strategies are used. Some of these
strategies are used for the hierarchical clustering [1].

— Single linkage: Distance between groups is defined

as the distance between the closest pair of objects.

— Complete linkage: Distance between groups is now
defined as the distance between the most distant pair

of objects.

— Average linkage: Distance between two clusters is
defined as the average of distances between all pairs

of objects.

Another strategy used for calculates similarity
between sets in ontologies [19].
— Multidimensional scaling: It is a statistical technique
for the calculation of the semantic distance between
two sets of entity. The formula of calculation is as

follows :

_ ZeeEe . ZfeF f

B IF

sim, (E,F):

with entity set E ={€,,€,,..},

e = (sim(e,e,),sim(e,e,),...sim(e, f,),...);
F and f are defined analogously.

Methods and strategies described above will be used
in the stage of calculation of semantic distance in our
retro-engineering process as follows: We have each
table or list corresponds to an anonymous entity,
described by its fields or its elements. We have also a
domain ontology containing concepts; where each
concept has possibly a set of attributes. Now we proceed
to calculations of semantic distance to identify the
concepts of ontology hidden in HTML pages.

For that we must fix a threshold for the semantic
distance. The threshold is a value between 0 and 1, the
1 value indicates that the two entities are totally similar.
Then we must choose a method and a strategy to
calculate semantic distance as described above.

If the semantic distance between a table field (or a
list element) in the HTML pages and the name of a
concept of the ontology is superior or equal than the
threshold fixed before, then we consider that the
concept of ontology is identified and it is marked as an
existing concept.

Moreover, if the semantic distance between two
entities groups is superior or equal than the threshold,
then we consider that the concept of domain ontology
corresponding to one group is identified. Each two
groups are constructed as follow: the first one is the
table fields (or the list elements) in the HTML pages,
the second is the concept attributes of the domain

ontology.

Inference. Inference consists in inferring new concepts
and relations before generating the UML conceptual
schema describing the Web application based on
ontology (Fig. 4.).

The inference starts with the deduction of new
concepts and relations. We can enrich our target
conceptual schema by determining the concepts in
relation with the first concepts identified after the stage

of calculation of semantic distance. That is done by



using -of course- the ontology. In other words, each
relation witch has on a side an identified concept; it
must appear in the conceptual schema, as well as all the
concepts on its two sides. The objective of this stage is

the enrichment of the resulting conceptual schema.
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Fig. 4. Inference process.

Now we will obtain a set of concepts and relations
with which we can form a set of groups. Each group
represents a connected graph®.

Before generating the final conceptual schema, the
resulting groups from the previous stage must be unified
in a single group, without congesting the schema by
several other concepts and relations. Each two groups
can be unified by the shortest path between concepts of

both groups in the hierarchy of ontology.

% A graph is connected if and only if there is a path between
any pair of vertex in the graph.

2.3. Conceptualization

From the Enriched set of concepts and relations
extracted from the previous phase we can construct an
UML conceptual schema (Fig. 5.) as follow: each
concept and relation of the extracted set will be
presented respectively by an UML class and relation in
the resulting schema. The relation expressed by the term
‘part-of’ will be presented as an UML aggregation

relation.

Enriched set of concepts
and relations

Conceptualization

UML conceptual
schema

Fig. 5. Conceptualization phase.

The subsumption relations which appear in the
shortest paths during the unification of groups in only
one set will be translated by an heritage link in the
conceptual schema. Even the multiple heritage can
appears in this schema.

Cardinalities relations are also extracted from domain
ontology to be presented in the UML conceptual schema.
3. Implementation
To implement our ontology based Web application
reverse-engineering approach, we have developed a tool
named OntoWeR (Ontology based Web Reverse-
engineering). The system receives as input a well
formed HTML pages* + ontology expressed in OWL-
DL. Then the system applies a description logics based

reasoning by using the Protege-OWL API°.

* An HTML page is well formed if all tags have an ending tag
or are themselves self-ending.

® The Protege-OWL API is an open-source Java library for the
Web Ontology Language (OWL) and RDF(S).



To evaluate the Ontology based Web application
reverse-engineering approach -proposed in this paper-,
we are going to present a case study. For that, we used a
preexistent ontology and a Web site on which we are
going to do experimentation. At the end, we will discuss
the obtained results.

3.1. Architecture of the implemented system

The implemented tool is composed of four subsystems
to allow assuming the stages of Web application
reverse-engineering process, as well as ensuring
interaction with the user (Fig. 6.):

— Acquisition Module: allows the acquisition of
HTML pages of Web application, as well as domain
ontology. It allows user to fix semantic distance
threshold and to choose method and strategy for

calculating this distance.

— Extractor: represent an implementation of the
extraction phase in the reverse-engineering process.
It allows extracting useful information from the

acquired HTML pages.
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Fig. 6. Architecture of the implemented system.
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Viewer

— Analyzer: represent an implementation of the
analysis phase in the reverse-engineering process. It
covers calculation of semantic distance, deduction of
new concepts and relations, and inference, aiming to

generate an UML conceptual schema.

— Viewer: allows viewing the resulting conceptual
schema. It also allows viewing a final report
detailing all calculations and operations performed

in progress of the reverse-engineering process.

3.2. The tourism domain ontology
The chosen ontology is a tutorial ontology for a

Semantic Web of tourism®. It describes the tourism

domain. It is contributed by Mr Holger Knublauch’.

The next is an extract from this ontology.

<owl:Class rdf:ID="Hotel">
<owl:disjointWith>
<owl:Class rdf:about="#BedAndBreakfast"/>
</owl:disjointWith> <owl:disjointWith>
<owl:Class rdf:about="#Campground"/>
</owl:disjointWith>
<rdfs:subClassOf rdf:resource="#Accommodation"/>
</owl:Class>
<owl:Class rdf:ID="Museums">
<rdfs:subClassOf>
<owl:Class rdf:about="#Sightseeing"/>
</rdfs:subClassOf>
</owl:Class>

3.3. Presentation of the Web site
The chosen Web site on which we perform our
experiments is http://www.hm-usa.com/. It is a Web site

for tourism in the United States of America.

2 HM USA Travel Guide - US Tourism Information - CD Training Internet Explorer - [Workins

Fie Ed View Favortes Tools Help

Qe - © - ¢] 12 ;‘,‘/'\Search 57 Favortes @ bedia Q’xr‘ e DG & [

Address [ hitp:fuw T

5[]

Fig. 7. Home page of the site.

8 http://protege.stanford.edu/plugins/owl/owl-

library/travel.owl
" http://www.knublauch.com/



http://www.hm-usa.com/
http://protege.stanford.edu/plugins/owl/owl-library/travel.owl
http://protege.stanford.edu/plugins/owl/owl-library/travel.owl
http://www.knublauch.com/

From this Web site, we choose two HTML pages.

The first page presents the states of USA; the second

one presents the hotels.

2 1P USA Traved Guide - Listing of all 50 USA states - Microsoft Intermet Explorer.
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k Fhoenix e grand canyon state 5,744,000
Little Bock The nanral state 2,753,000
H t]
Fig. 8. Page of USA’s states.
Il HM USA Tranee] Gaidee - Lodging and lood: hetels and motels - Microsalt Intermel Explores

Fuchier  Edtion  Affchage  Favors  Outls 7

| Qpitire - Q) - [ (8] G| Pneetr v @)| (3-8 - KD G EE

adezss [ i

 cheks,

FHM LISA Trivel Guide - Lok

With a threshold of semantic distance (using path

measure) equal to 0.1 and by choosing the
Multidimensional scaling strategy to calculate the
distance between groups. The following conceptual

schema is obtained:

1
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Fig. 9. Page of USA’s hotels.
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3.4. UML conceptual schema

With a threshold of semantic distance (using path
measure) equal to 0.7 and by choosing the
Multidimensional scaling strategy to calculate the
distance between groups. The following conceptual

schema is obtained:
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Fig. 10. Conceptual schema in the first case.
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Fig. 11. Conceptual schema in the second case.

3.5. Discussion

The system generates a colored conceptual schema. The
signification of each color in the resulting conceptual
schema is as bellow:

— The colored classes in blue are those identified after

the stage of calculation of semantic distance.

— The colored classes in chestnut are those appeared

after the stage of deduction.

— The colored classes in yellow are the classes
obtained during the grouping of sets (by the shortest
paths).

In addition to UML conceptual schema, the system
offered other services. We can personalize the schema
(Dimensions, writing size). We can also visualize the
details on operations and calculations performed during
the reverse-engineering process.

The

implemented in our system is the path method. For

uniqgue method of semantic distance

calculating the semantic distance between groups, we



implemented the four strategies described above. After

several tests, we noted that:

— For the path measure, more the semantic distance
threshold is small; more the conceptual schema

becomes complex and vise versa.

— The Multidimensional scaling strategy gives more

efficient results than the other strategies.

The current system represents only static aspect of
the Web application. It can be extend to represent
dynamic aspect.

By using WordNet we can analyze only English sites.
This problem can be solved by the use of a multilingual
lexical data base.

Fixing a threshold for semantic distance means that
an error rate was tolerated. We tolerate this risk because
the conception domain is not deterministic, but it is
heuristic. There is not a unique correct model for a
situation, only adequate or inadequate models [22]. Also,
the implication of ontology makes the results much
more adequate to the application field. To avoid any
ambiguity and get more realistic result, we fix the
threshold at 1.

The strong point of our approach is that it relies on a
very rich semantic reference which is the ontology. We
can affirm that our approach gives very satisfactory
results which can be used for reengineering, migration,
understanding, and evolution of the Web applications.

4. Conclusion

The purpose of this paper is to propose an approach for
reverse-engineering Web applications using domain
ontology to generate conceptual schemas, for these
applications, expressed in UML.

The proposed reverse-engineering process consists in
three phases: Analyses, Extraction of useful information,
and Conceptualization. The approach allows users to
recover static and dynamic Web sites.

In our approach we consider ontology as the main
semantic source which permits the identification of the
hidden concepts in HTML pages.

To implement our ontology based Web application
reverse-engineering approach, we developed a tool
named OntoWeR (Ontology based Web Reverse-
engineering). Our system can be adopted to extract
another type of information, other than conceptual
schema, since it relies on a very rich semantic source
which is -of course- the ontology.

In our approach, we supposed that from ontology we
can extract a conceptual schema describing the domain
of ontology. That recall us another research axis witch is
the reverse-engineering of ontology itself. Therefore our
system can be adapted to such work.

Web services are a new technology that has a lot
importance. software

They are components

encapsulating  functionalities of enterprise, and
accessible via standard protocols. These Web services
can call a phase of reverse-engineering to allow their
evolution. For that we think of extending our approach
toward the Web services reverse-engineering and the
migration of Web applications toward Web services.
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