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Abstract. Many web sites provide regularly updated data in a fixed structure.
These data are very useful for some applications with autonomous agents (e.g. to
determine the exchange rates). However, data extraction from these sites is nontrivial because of the great variations from one site to another. In this paper, we
propose an approach based on ontology, which facilitates the formalization and the
extraction of data from different sources. The extracted data are converted into a
coherent structure so that users and agents can query them regardless of their origin. The ultimate goal of this tool is to extract reliable information from web
pages.
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Introduction

The Internet contains more and more Web pages with dynamic and frequently updated
data. If a search engine provides useful help for users to identify relevant information, it
cannot be used to "understand" the semantics of the results and to obtain reliable data.
This is mainly due to the lack of precision and standard formalism in presenting data and
because HTML is a formatting language. In addition, current search engines are more
focused on static data on the web rather than dynamic data that constantly change, such
as weather forecasts, stock exchange information, etc. On the other hand, such data are
more and more required by automated processes such as software agents, and the need is
growing to find ways to extract data so they can be fully exploited by agents. Our goal is
to develop a method to extract reliable data from web pages so that software agents can
be used.
1.1 Problem Description
Data on the Web are usually included in HTML pages, and they do not correspond to a
known schema. While a human user can understand the data in a page, it is impossible to
do so by a machine. Therefore, extracting data from web pages requires knowledge of
both their structure and contents. There are mainly three approaches to deal with this
problem of data extraction from web pages:

• The first approach relies on natural language processing (NLP). It is known that current NLP is not accurate and powerful enough to recognize the contents of unrestricted web pages. Therefore, this approach has only been used in some limited areas;
• The second approach tries to associate a web page with some semantic markers (or
tags) when it is created. For example, one may use personalized markers. The limitations of such an approach are well known: since the markers are personalized, they
can hardly be generalized [1]. Currently, an initiative of Semantic Web [17] is
geared towards the creation of a web structure that more readily recognizes the semantics of Web pages. The method currently under investigation consists in defining
a general ontology of meta data on semantic contents. However, few actual Web
pages use such markers;
• There is a third manner to solve the problem: As the original data are structured in
different ways, it is more suitable to restructure them according to a common model
that is independent of the information sources [9] [10]. Thus, extracting and combining data from different sources will be much easier and more reliable.
Our approach is based on the third idea: we will make use of ontology to model the
data to be extracted. In particular, we will focus on data extraction from web pages that
present constantly changing data, but with a fixed structure (e.g. stock exchange quotes).
The data in a web page is first converted into XML, then mapped with the data model.
The definition of the data model and the mapping are done manually. Then an automatic
process is carried out to perform the real extraction task. The final result is an XML
document that contains a standardized and queriable data set.
1.2 Some Related Work on Data Extraction
The work of [10] on WMA (Web Mining Agent) and that of [9] (project Ariadne) are
close to our approach. Ariadne has a graphical interface to assist the users in selecting the
data to be extracted from the Web pages [9]. Ariadne uses techniques of machine learning to generate extraction rules from examples. Although we also use a graphical interface to help the user identify the data to be extracted, we use in addition ontology in our
extraction process. The advantage of this is an increased coherence in the organization of
the extracted data. This is a fundamental difference compared to Ariadne's approach.
WMA uses a proper description language to represent and identify data inside HTML
pages. XML documents are used as templates for identifying data to be extracted. The
extracted data are then stored in a relational database. To be able to use this tool one has
to learn WMA description language. Also, software agents are required to interact with
databases to obtain data. In our approach, data are extracted directly from Web pages
and can be queried directly.
Our extraction process is primarily aimed at web sites where information is regularly
updated, but their organization remains the same (e.g. sites that provide exchange rates).
It is this type of web site that we can expect precise recognition and extraction of information. The information provided by such websites is valuable for automatic agents. For
example, one can imagine an agent that automatically converts one currency to another
using the information we extract from a money exchange site.
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Ontology as a model for Data Extraction

Web page information is not necessarily presented in the same way. Due to this fact, data
extraction and exchange are not an easy task if different actors (producers or consumers
of information) have not agreed on the semantics of data. By using a common model, we
can provide a way to ensure a good interpretation and understanding of exchanged data.
Ontology can be used as a common model for our purpose. Ontology is a way to decompose a world into objects, and a way to describe these objects. It is a partial description
of the world, depending on the objectives of the designer and the requirements of the
application or system. For each domain, there may be a number of ontologies [2]. The
use of ontology differs from one application to the next, as do its design and its formalism of representation.
Our intended use of ontology is to describe a data model and to give semantics to data
stored in web pages, rather than knowledge. Therefore, it is not necessary now to include
inference and reasoning mechanisms to produce new knowledge. We will use a modeling
of ontology close to object-oriented (OO) modeling. With the OO paradigm, we can
express an ontology in an explicit way and generate software elements that are easily
exploitable by other applications. We propose a design of ontology that uses a 3-level
model: basic objects, model and meta-model. The meta-model layer has been introduced
and experimented in [15] where the goal is to describe axioms of ontology. We use the
same concept here, but in a more general framework. We use this approach to express
specific design needs of the user, as in [15][5].
We consider four types of objects: entity, attribute, relation and constraint. These basic objects are used in the definition of the model. The meta-model will define inherent
constraints of each object.
In figure 1, we show a simple example of an ontology model in finance. We consider
financial domain as an example. Suppose that the entity STOCK is defined in the metamodel in relation HAS-A with entities STOCK_DESCRIPTION, DATE, etc.. The fact
that STOCK is added in this model also imports all the definitions made in the meta
model. This definition in the meta-model corresponds to inherent properties that we want
to impose on the entity.
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Figure 1. Example of a simplified model

Cardinality

SOX (Schema for Oriented-Object XML) [14] is used in our case for ontology definition and data modeling. It is developed by Commerce One in order to use XML in Ecommerce [3]. The choice of SOX is motivated by the fact that one can use it to express
the requirements that we defined previously. It is close to the OO paradigm and introduces concepts of OO-programming into XML documents.
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Data Extraction Process

There are a few existing tools for data extraction, e.g. W4F (World Wide Web Wrapper
Factory) [12] and JEDI (Java Extraction and Dissemination of Information) [7]. W4F is
a development environment that allows users to construct a Wrapper, to compile it as a
Java component and to include it in applications. A Wrapper is an interface to access the
contents of web pages. It downloads documents from the Internet, corrects them and
extracts data from them. Extracted data are connected with predefined variables [13].
JEDI is a set of tools for generating Wrappers in order to extract data from textual
sources. This may be applied to web pages as well as other textual files. The goal of a
Wrapper is to indicate how to generate a representation in XML for the extracted data.
Usually, a Wrapper is a text that contains a set of extraction transformation instructions,
including rules and codes of control. A rule contains a syntactic constraint describing the
data (character strings) to be extracted.
However, both W4F and JEDI are difficult to use. One has to learn the specific syntaxes of the extraction languages. In addition, it is also difficult to construct a tool to
generate Wrappers, due to the complexity of the language. For these reasons, we do not
use this type of language. We designed a similar, but much simplified approach (in terms
of use) that offers possibilities for future improvements.
Our hypothesis is that many websites do not often change their organization of information. New information is published with a rather steady structure. Then if we can recognize how information is organized, a precise data extraction can take place. Therefore,
instead of relying on identification of boundaries of character strings within HTML
documents, as is the case in TSIMMIS [6], we manually construct a description that
shows how data can be found and extracted from a given Web site. The edition of the
description is done manually, with the help of an assistance tool. Once the description is
created, it can be integrated with autonomous agents to extract specific data.
The extraction process will actually contain two steps: we need to access the appropriate portion of data in the source document, and we also need to re-organize the extracted
data into a useable form.
Documents in HTML do not allow for direct querying. In addition, there may be errors in HTML structures1. Therefore, we first convert the HTML document into XML by
following their hierarchical structure [16]. Possible errors are corrected using HTML
TIDY [11] and W4F [13] (correction and transformation module of W4F). Once a web
page is transformed into XML, portions of data can be easily accessed using a DOM
(Document Object Model) parser [4].
1

The most frequent errors met in documents HTML are : missing of closing tags,
incorrect fitment of tags and missed attributes

We can now start the extraction process from better structured XML documents. As
we explained earlier, our general approach is based on a description of the domain in
form of ontology. In fact, the extracted data will be linked to the corresponding elements
of the ontology. Figure 2 shows the construction of the element <STOCK>. The latter is
part of the element <FINANCE>. The figure also shows the data in the Web page that
correspond to the elements of the ontology.
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Figure 2. Mapping with the ontology

Once the correspondence between a raw data in XML and a node in the model is created, a query is associated to the node in order to extract the desired data.

4 The WeDaX Tool
The main steps of extraction are summarized in Figure 3. The lower part is that which
can be integrated in a software agent. It is an automatic step since the agent uses only a
description (generated before) to recover the data. Since the extracted data belongs to the
same ontology, the results of the extraction of several sources have the same structure. A
simplistic manner to combine them would be to put them in the same XML document.
We developed a specific tool called WeDaX (for Web Data extraction). The extraction follows several steps: download a web page and convert it into XML, construct a
data model using the ontology, and map the XML document with the elements in the
ontology. The HTML-XML conversion is performed using the tools described in section
2. This step can be done through our graphical interface. In the construction of the data
model, the user chooses the elements of the ontology that reflect to his interests. This
corresponds to determining "what to extract". The process of mapping and the underlying
querying process answer the question "how to extract".
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Figure 3 : Global view of the extraction

2
1

3

Figure 4. Screen snapshot - search and query DOM tree view of a web page

Figure 4 shows a screen snapshot while the user searches and queries the tree view (an
XML DOM tree, panel 2) of a web page. Panel 1 displays the project structure with the
associated sources and their descriptions. The user navigates the tree to locate data of
interest or searches a specific word and obtains the node containing it. Data can also be

queried using an XQL query on the DOM tree and viewed in panel 3. Our tool helps the
user (especially those who are not familiar with XQL language) to construct XQL queries. The user chooses some data on the page, the system generates the relevant queries
and proposes a more general query to get data of the same kind (like all the prices) in the
page. The user retrieves data for each element of the ontology. These data are combined
together in a manner that conforms the structure given in the ontology.
The result is a description that contains all the processes in the form of a specification
(description) for a given source. The specification contains, among other things, the
names of entities/attributes, the queries, the transformations and the information about
the structure of the final result (XML document). The advantage of making a specification is that it is reusable along time by an extraction program or an autonomous agent.
This tool has been completed and successfully integrated into a small agent-based application. The agent uses our data extraction tool to follow the course of stock indices
and informs the user of the evolution of operations and trends. The integration of the tool
with the agent is easy due to the standard model we created. This application shows the
feasibility of our approach, and the utility of the extraction tool. We believe that this
same approach also applies in larger applications.

5. Conclusions and discussions
In this paper, we dealt with the problem of data extraction from the web. In particular,
our goal was to find a way to extract reliable data, and to convert them in a useable standard form. Data extraction consists of two steps: converting documents from HTML to
XML and using a specific XQL query to extract appropriate portions of data from XML
documents. The extraction process is defined by the user through a graphical tool. As the
user has a tight control over the extraction process, the extracted data are of high quality
and thus can be exploited by other programs or software agents. Integration of data from
different sources is possible because they respect the same ontology.
The necessity of manual preparation may be a critical aspect. However, we believe
that the current organization of the HTML documents do not allow for a completely
automatic extraction for high-quality data. Some manual intervention is the price to pay
for quality. Furthermore, the manual preparation is greatly facilitated by our assistance
tool. The most critical point is that our approach assumes that a website has a fixed
structure. If an information site is restructured, we have to construct a new extraction
process. However, one has to notice that:
• A number of Web pages do provide dynamic data in a fixed page structure.
• Many Web pages are automatically generated from data stored in a database. The
structure of this kind of data does not change frequently.
Indeed, during the several months of our project, the websites we used did not change
their structure. This confirms the stability of structures of many information sites.
This study shows that it is possible to exploit and use automatically the data presented
in some web pages. However, some manual preparation is necessary. We argue that this
manual step is always necessary if one's intention is to extract reliable data to be exploited by other programs or software agents. Despite the manual preparation, we believe
that this approach is appropriate for extracting data to be used by software agents.
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