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Abstract

In the context of geographic information system (GIS), the soundness of
the decisions to make depends closely upon the data stored into the geographic
database (GDB). Then, the lack of the required data can be harmful to good
decisions. Commonly, the GDB do not propose all the data that can support
different users with different preoccupations. This is due mainly to the cost
entailed by the data acquisition and the incapacity to account for all the valuable
information since the world state changes continuously. The data enrichment is
then asserted as a solution to enrich the GDB by providing additional valuable
information about the geographic entities to make reliable decisions.
In this context, we propose an approach to the data enrichment in GIS
and more precisely the enrichment of the asptial aspect of a GDB. The
enrichment is performed by reporting the gist of information in a condensate
form. Because the majority of valuable information is conveyed in a textual
format, we have managed textual documents to perform this enrichment.
Our proposal is basically a four-stage approach consisting of: text
segmentation, thematic identification, delegation and text filtering via the
discourse analysis. The semantic data enrichment is accomplished in a
distributed fashion by interacting three classes of agents: an Interface agent,
Task agents and Geographic agents.
Furthermore, a refinement stage is offered by our semantic data
enrichment approach in case of unsatisfactory results. This refinement is
performed by exploiting the spatial relationships inherent to the GIS.
Besides, we developed the SDET (for Semantic Data Enrichment Tool)
tool to allow the GIS users to enrich the semantic aspect of their GDB by
following different stages of our data enrichment approach. To assess the
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performance of our SDET tool, an evaluation of its main subsystems was
conducted. The results were satisfactory enough.
Key Words: Geographic Information System (GIS), Semantic Data Enrichment,
Multi-Agent System, Text Processing, Text Segmentation, Theme
Identification, Text Filtering, Discourse Analysis, Spatial Relationships.
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Introduction

Introduction

Context of the Dissertation
Increasingly used, the geographic data are related to the description and the
localisation of the man made or natural objects, activities, phenomena and so forth, on
the earth’s surface. This includes, the distribution of natural resources, description of
land use, health, wealth, employment, housing and so on.
Information systems that manage these geographic data are known as
Geographic Information Systems (GIS). This management involves data acquisition,
pre-processing, querying, analysis and output generation. All this processing is operated
on the geographic data commonly stored in the Geographic Database (GDB).
Geographical data combine the spatial and factual features of the geographical
entities. Factual data deal with the description of the entities e.g. name, cost, size, or an
image of what the object looks like. For the spatial data, they inform about the
geographical position of the entity at hand and its shape. For a building, this would be
its position in terms of coordinates and its shape may be polygon or point according to
the mapping scale.
Indeed, the power of a GIS stems from the ability to relate different information
in a spatial context and to reach a conclusion about this relationship. Most of the
information we have about our world contain a location reference, placing that
information at some point on the globe. When rainfall information are collected, it is
important to know where the rainfall is located. This is done by using a position
reference system, such as longitude and latitude, and perhaps elevation. Comparing the
rainfall information with other information such as the location of marshes across the
landscape, may show that certain marshes receive little rainfall. This may indicate that
these marshes are likely to dry up. Hence, this inference can help us making the most
appropriate decisions about how humans should interact with these marshes.
Therefore, a GIS can reveal important new information that lead to better
decision making. By the way, a GIS is considered as a decision support system which
involves the integration of spatially referenced data in a problem-solving environment.
14
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GIS applications are unlimited and increase day-by-day. GIS is a vital tool for
decision making in business, environmental protection, emergency response, land use
planning, transportation planning, crime prevention, and so on. With GIS you can:
locate sites for new facilities, determine areas that will be prone to natural disasters,
analyze market areas for businesses, find the shortest routes for delivery services,
analyze environmental impact of new projects, monitor the use of natural resources such
as forests and mineral fuels, etc.
To sustain decision makers facing these situations, a huge amount of data is
needed. These data are intended to cover almost all the aspects of the problem at hand
and to describe the surrounding environment, to be able to take the prominent decision.
Thus, a GDB is the backbone of a GIS since all the kinds of data managements are
based and strongly affected by the type, relevancy and scope of the stored data.
Problem Statement
The power of geographic information system is to help managers make the
critical decisions they face daily. The ability to make sound decisions relies upon the
availability of relevant information and the scale of application.
Typically, the data stored in the GDB consist in a set of the geographic entities
features in abstracted form in its factual and spatial aspects. All these data are usually
restricted to some facets of the entity, serving the problem at hand for which the GIS
application was designed.
Nevertheless, this dataset is sometimes insufficient to make the adequate
decision. Depending on the complexity level, it is common to integrate in the same
problem, different data describing different entities that cohabit or coexist in the same
environment. Besides, sometimes the entities’ features can not be captured via unique
values in different types; textual, statistical, spatial, or whatever.
For instance, to keep track of a disease spreading, the decision makers have to
cope with a huge amount of data. This is related mainly to the social, economic,
environmental information, citizen habits, garbage management, the interaction of the
inhabitants with other natural or artificial entities, etc. All these data are commonly not
stored in the same GDB, since this entails a high cost of data processing and
maintenance. Besides, by referring to the data abstraction, we loose information. For
instance, some preoccupations need a meaningful description of the current state usually
15
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conveyed by well formed texts. Hence, the citizens habits can not be captured through
minimal values meanwhile it is a preponderant factor to take into account to prevent the
disease spreading and accordingly to take the opportune measurements. For the rural
zones, it is worth informing to know where the animals are placed and how the
inhabitants behave regarding the animals’ waste, the water and food nature they provide
and so on.
Another potential illustration of the GIS heavy information requirements is
found in the business field. For instance, a manager who is planning to site a business in
a given location, needs a panorama of information concerning social and economic
information about the neighbourhood of the designed site, public transportation and so
on. All these information are needed to assess the utility of different potential
alternatives. Such information are usually not gathered in the same GIS.
In addition to all these observed deficiencies, the statement of Jack Dangermond
(the President of a private GIS software company) who argued that “The application of
GIS is limited only by the imagination of those who use it”.
Hence, it is of primary interest to provide other data sources to make GIS
systems rich sources of information. These data sources are intended to complement and
enrich the inherent GDB.
In this dissertation, by data enrichment, we refer to the process that equips the
factual data stored in the GDB with complementary information extracted from other
data sources.
A review of the literature has revealed some works which allow such
enrichment. These works make the content of repositories of unstructured textual data
automatically accessible to GIS users. In this context we find, GeoNode, MetaCarta,
PIV, SpatialML and Perseus. All these works have devoted endeavours to manage the
textual contents in order to alleviate the user from some steady text managements. Some
of these works manage the textual contents to reveal the events that are related to some
location. An access to some text passages is allowed by some of them. Other works
allow merely a link to the relevant documents conveying information about the
geographic entity at hand.
In the same line of research and in order to offer to the GIS users the data that
are not available by querying the GDB, we propose a semantic data enrichment
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approach. Our approach goes beyond retrieving and locating the textual information to
pinpoint and extract the gist of information

Contribution
In the context of semantic data enrichment and in an attempt to provide timely,
accurate and easily accessed information, we propose to enrich the GDB embedded into
GIS. Indeed, more timely and reliable information result in better decisions. Our
approach differs from the existing works by providing different means to manage the
textual material to extract the essence of information with less human implication.
Our approach makes an intensive use of the text processing techniques in the
context of GDB data extension. These techniques attempt to extract valuable
information incarnate in the stream of texts. By devising our approach we have
attempted to emulate humans in their way to address the textual documents. A rational
way to deal with a text is to delimit its different parts that are thematically homogenous
and then to depict the relevant textual elements that convey the main idea(s) tackled
along through the text.
Furthermore, our approach exploits the spatial aspect of the GDB to enhance the
data enrichment results.
To enrich data stored in the GDB, we mine textual documents to extract
different topics addressing different aspects of the geographic entity at hand meanwhile
we provide a condensed representation of the associated textual information. To do so,
we have been inspired from many text processing techniques ranging from text
segmentation, text theme identification to text condensation and more precisely the
multi-document summarization.
Because the information we are looking for are inherently scattered among
different textual documents, we propose a distributed data enrichment process. The
distribution we adopt, complies with the multi-agent principles. In conformity with the
multi-agent paradigm, we use a set of cooperating agents, namely: an Interface agent,
Geographic agents and Task ones. These agents collaborate to lead jointly the system to
a satisfaction state. This state is materialized by providing the abridged texts relative to
all the topics discussed within the corpus.
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Seen the unstructured aspect of the textual data, there is no deterministic process
that can lead to an exact solution. Then, the user may be unsatisfied by the data
enrichment results. This could be due to the lack of the required information, the non
retrieval of the relevant documents, etc. To cope with this situation we propose an
additional refinement stage to increase the chance to reach the reliable information. This
is to be achieved by locating with accuracy the geographic entity under test through the
exploitation of the spatial relations it maintains with other geographic entities.
Organization of the Dissertation
To study our semantic data enrichment process, we have organized the present
dissertation into six chapters.
The first chapter is dedicated to the presentation of the overall context of the
dissertation. It deals with a detailed study of all the aspects of geographic information
systems (GIS) that matter for our study. We start by defining the GIS along with the
appealing and the constrained aspects of this technology. Then, the geodata data (spatial
and aspatial aspects) and the data modelling systems used to represent them are
described. Data organization is highlighted also. The spatial relationships and mainly
the topological ones are surveyed.
A special emphasis is put on the semantic data enrichment in the context of GIS.
Different semantic data enrichment processes are reported, namely, GeoNode,
MetaCarta, PIV, SpatialML and Perseus. Finally, the approach we propose to the
semantic data enrichment is outlined.
The rest of the dissertation is subdivided into two major parts.
The first part is concerned with a review of the literature. It is composed of two
chapters describing different disciplines which have been our inspiration to devise our
data enrichment approach.
Chapter 2 focuses on different text processing techniques, namely text
segmentation,

theme

identification,

discourse

analysis

and

multi-document

summarization. This chapter is divided into four major sections each of which dedicated
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to one of the above mentioned text processing techniques. Each section begins by a
definition of the technique. Then, the works related to the technique are exposed. We
clinch each section by a brief analysis of the surveyed approaches.
Chapter 3 is devoted to the multi-agent paradigm. We first provide a background
overview of the paradigm. Then, the notion of agent is defined. Different agent
architectures are presented also. Afterwards, the multi-agent systems that shelter such
agents are described. Finally, we deal with some issues to manage when building such
systems, namely, the organization, the interaction and the communication.
The second part, reports our contribution in the context of semantic data enrichment of
geographic databases. It is divided into three chapters. The scope of the first chapter is
the presentation of our data enrichment from the modelling perspective. The second
chapter deals with the approach from the processing stages perspective. The last chapter
in this part is devoted to a simulation of the proposed data enrichment approach and the
evaluation of its subsystems.
Chapter 4 starts by a statement of the semantic data enrichment problem. Then,
the architecture of the approach we propose is described. The distributed multi-agent
modelling we adopt is reported. In particular, we shed the light on the main issues to
manage while adopting such modelling, namely, the agent architecture, the agent
system organization and the interaction. Finally, we expose the agents’ dynamics by
presenting in turn the behaviour of the Interface agent, the Task agents and the
Geographic agents.
Chapter 5 puts the emphasis on the text processing performed during the
different semantic data enrichment stages. It deals with, the text segmentation to
identify different segments that encompass the whole text, the theme identification to
label the detected segments, the delegation to distribute the workload among the system
agents and the filtering of the text segments in order to maintain only the most salient
textual portions in abridged form. Besides, we report the refinement stage which is
eventually executed in case of unsatisfactory results reported by the basic data
enrichment stages.
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Chapter 6 presents the validation of our semantic data enrichment approach
detailed in the previous chapters. The data format and the GIS platform used are first
described. Then our tool called SDET (Semantic Data Enrichment Tool) and the
functionalities it offers are presented. The evaluation of the major components of our
system, namely, text segmentation, theme identification and text filtering, is reported.
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Chapter I

Geographic information systems and
semantic data enrichment

I.1

Introduction
Locating the entities highlighted through the information exploited by both the

public and private sectors in their spatial environments may provide further and a
wealth of information sustaining the decision making processes. So, revealing, ingesting
and managing such spatial information side by side with the traditional factual ones are
potential issues that contribute to step up the outcomes of different vital fields. The
marriage of spatial and factual information to capture the crucial features of physical
and administrative world entities is gathered under the label of geographic data.
Indeed, the advent of cheap and powerful computers over the last few decades,
has allowed the development of innovative software applications for the storage,
analysis, and display of geographic data. It deals with the Geographic Information
System (GIS).
This chapter is organized as follows. Section 2 describes the geographic
information systems. In section 3, the appeal and the constraints associated to GIS are
reported. In section 4, the spatial and asptial data are presented. Section 5 focuses on the
data organization in the GIS context. The spatial relationships holding among the
geographic entities are highlighted in section 6. Section 7 sheds the light on the data
enrichment processes in the context of GIS. Our data enrichment approach is briefly
presented in this section.
I.2

Geographical Information System
Geographical Information System (GIS) [Pornon, 1992; Scholl et al., 1992; Faïz,

1999; Pornon, 2001] is a powerful software technology that allows managing spatially
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referenced digital data. GIS systems are computerized systems for storage, retrieval,
manipulation, analysis, and display of geographically referenced data.
GIS has emerged as a multidisciplinary field during the 1970’s. The discipline’s
heritage lies in the impact of the revolution on the discipline of geography and in
database management development in computer science.
GIS is a vital tool needed for decision making in business, environmental
protection, risk assessment, utility planning and management, emergency response, land
use planning, transportation planning, delivery route planning, crime prevention, and so
on. Hence, public and private sector administrators, managers, technical professionals
and others may benefit from the use of a GIS.
The term GIS is sometimes misleading and it is not scarce to confuse it with
other acronyms designating different technologies that are slightly or closely tied to the
GIS technology. This confusion [COPEMED, 2001] occurs among the following terms:
CAC, CAD, DBMS, IAS. CAC (Computer Assisted Cartographic system) stands for a
set of graphic elements for map display and printing. CAD (Computer Assisted Drafting
system) is mainly a set of graphic elements for engineering and architectural design. But
some systems in this class include GIS modules as add-ons. DBMS (Database
Management Systems) is dedicated to the management of traditional alphanumeric data
(and eventually multimedia innovative data) with scarce graphic capacities. IAS (Image
Analysis Systems) is devoted to manage radiations emitted by the earth surface (Remote
sensing analysts) or aerial photography, but much reduced capacity of analysis.
Indeed, there is some legitimacy behind the confusion surrounding the concept
of GIS. The latter, is nothing than an emerging technology stemming from a
combination of the capabilities exhibited by all of the technologies abovementioned
(figure I.1 [COPEMED, 2001]). A GIS is more than a conventional DBMS, it includes
high-level spatial operators uncommon to such systems. The graphic analysis
capabilities have evolved from those maintained by the rest of the above cited systems.
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Figure I.1: GIS evolved from CAC, CAD, DBMS, IAS systems

The major common components of a GIS are the following three subsystems: (i)
an input system that allows the collection of data to be used and analyzed for some
purpose, (ii) computer hardware and software systems for data storage, data retrieval,
data management mainly the analysis and (iii) an output system that generates hard
copy maps, images, and other types of output.
A native workflow pursued to develop a GIS application is triggered by the
observation of the real world entities (natural or artefact) and the collection of different
features values deemed of interest to the current activity. The data sources are set up
along with the definition of the suitable schema and different database manipulation
mechanisms. Once the input data are fed into the database, they are ready to be
managed. The database management ranges from simple retrieval operations to
laborious analysis. The results stemming from these data management processes will
support the end users to take the adequate actions.
This overall GIS development process is cyclic (figure II.2 adapted from [COPEMED,
2001] ) since changes may alter the current entities features so all the stages described
above have to be resumed to adjust the decisions to the reality.
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Figure I.2: A GIS flowchart

Queries in a typical GIS involve the identification of the geographic entities
based on their aspatial and spatial attributes, and spatial relationships between these
entities. To enquiry such systems, a user uses a set of different queries that fall into the
following classes [Scholl et al., 1992; Egenhofer, 1997]: non-spatial (alphanumeric),
graphic, and spatial queries. In the non-spatial queries class, we find the standard
inquiries which deal with standard types (string, integer...) using standard querying
languages such as SQL. For instance, “Which are the towns with more than 100,000
inhabitants?”.
For the graphic class, the queries are concerned with displaying the geographic
information stored in the databases. One example of such queries is: “Display the lakes
having the area less than 30 m2”. Concerning spatial queries, they involve: distance,
inclusion, intersection, adjacency, and so forth. For instance, the following queries are
spatial ones: “Which towns are situated near a forest?”, “Which forests intersect the
region named x?”, “Which towns are bordered by a forest?” and “Which parts of towns
have no intersection with any forest?”.
The queries described above represent the basic primitives. A combination of all these
kinds of queries is possible. For example, a complex inquiry can be stated as follows:
“Which routes go from Tunis to Bizerte with the qualification that they border a lake for
a while and then cross a town of more than 100,000 inhabitants in its non-forest part?”.
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I.3

GIS appeal and constraints
GIS is an appealing technology since it allows facing and coping with matters in

different living fields. This technology exhibits potential capabilities enabling
researchers and practitioners to catch and analyze different data captured from every
where on the earth’s surface. This offers means to understand natural environmental
processes and human activities while examining eventual fluctuations over varying time
intervals.
A prominent exploitation of a GIS tool results in lower costs, assets rising and
service quality improvement. These benefits stem from the GIS capabilities to prevent
risks by accounting for and analysing different natural and man-made circumstances
and its power to predict the best option choice for policy making in a peculiar situation.
For instance, an apparent challenge is realized in the natural resource management
which endures a great endeavour in identifying, measuring and monitoring the
cumulative impacts of land use decisions across space and time.
The GIS is considered as one family of Information Technology (IT) products
that has gained widespread acceptance among managers in many sectors in the world.
GIS is seeing an important revolution over all its aspects that will undoubtedly have a
profound impact on how organisations (especially those using the GIS applications)
operate. This revolution is the result of other revolutions concerning mainly the IT
aspects. At the heart of this revolution are the technological advances which include the
digitalization of various types of information; text, numbers, sound, images…; the
exponential increase in computing power (materialised essentially by the processing
high speed) coupled with dramatic reductions in cost; communication satellites and
other devices with vastly increased power and accessibility.
Despite the well-established benefits of the GIS applications unanimously
recognized by specialists and customer users, they are always constrained by some
difficulties and limitations. These are inherently attached to the overall process pursued
to stand up a GIS application. Obviously, the repercussion of one limitation depicted at
one stage of a GIS settlement flow is observed by propagation to the subsequent stages
and accordingly it is likely to affect the final decisions.
Because a GIS is basically a set of operations which all of them turn around spatially
referenced data, the latter are considered as essential ingredients that necessitate a high
attention in all their handling aspects. Data must be captured, stored, transferred, shared,
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maintained, managed and analysed. The first step in the elaboration of the GIS is to
define a representation model for geographical information through the abstraction of
the reality generally by means of digital maps. This is a delicate stage since it implies
obtaining the valid data acquired by use of automatic devices (such as, aerial
photography, digital cameras…) or the digital datasets from a data supplier. Evidently,
such data acquisition endures a considerable cost. For instance, whether the acquisition
relies on digital format of aerial photography into a GIS, it is a potential source of
distortion that may be corrected using stereoscopic aerial photography [COPEMED,
2001] and which entails an increase in the costs.
This preliminary stage leads to take care of some issues like accuracy and precision.
The accuracy ensures that the data are close enough to the true values by avoiding data
error and bias. However the accuracy level is application dependant, highly accurate
data can be very difficult and costly to produce. Regarding the precision of the location,
it is merely defined as the degree of exactness which is bounded to the significant
figures used in its description. The degree of precision varies from one application to
another. For instance, demographic analyses of marketing or electoral trends do not
require a high level of precision while for the engineering projects such as road
construction, a high precision (measured to the millimeter or tenth of an inch) is a
requisite to good decisions.
Further preoccupations not less important and which have to be accounted for
are for instance, the data compatibility with the application and the oldness of the data.
Concretely, the acquired data are of different formats where some of them are ideally
well suited for immediate exploitation by the GIS application at hand and in worst case
this yields a labour task of conversion to a suitable digital format.
Since a GIS application copes with real world objects and land use, a steady following
of their states is of prime interest. A land use may fluctuate from an agricultural
exploitation to building or even land used for crop may undergo a cropping type
transformation. A GDB has to reflect all natural or artificial transformations through the
data values it stores.
Another limitation that characterizes the use of the GIS is the lack of skilled GIS
personnel. The latter is a requisite to ensure the high quality achievement of different
GIS settlement steps mainly in the analysis phase.
The choice of the appropriate GIS tool is another potential issue to address at the
first sight. Indeed, there is a wide range of GIS tools that are difficult to qualify in terms
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of strength and weakness of each. Broadly, the distinction may be based on the kind of
target decision-making processes. We find specialized or business GIS software systems
customized to fit specific needs like urban planning, transportation, environmental
resource analysis, demographic forecasting and so forth. Hence, none of them will serve
for other purpose than the one for which it was devised. For instance, a special-purpose
GIS designed for demographic modelling will not be well suited to airport planning and
maintenance.
Another category less specialized than the first one includes the GIS softwares that have
gained a wide acceptance among a large number of GIS users. This is due to the wide
range of applications they can address. Indeed, they incorporate powerful modelling
tools to allow this customarisation.
A third category is qualified as general (sometimes called office) GIS software. It offers
a set of functions like, the importation of extern data, the modification of descriptive
and spatial data and their analysis to create maps for different use. Such GIS softwares
allow performing only crude operations. So, they are not able to conduct elaborate
management of the database.
The difficulties highlighted above are not the only issues that have to be
addressed with a rigorous implication of different GIS actors. Any problem at any stage
of the GIS development that may impede the efficient use of the system deserves a
special attention.
I.4

Aspatial data versus spatial data
The geographic database (GDB) stores the data handled by GIS. These data are

commonly referred to as geographic data (called also geodata). They allow identifying
the geographical location and the characteristics of natural or man-made entities.
Geodata represent abstractions of real-world entities, such as roads, buildings, lakes,
forests, countries...They are used to describe objects, phenomena or processes at the
earth’s surface, which may refer to physical aspects of the terrain, or administrative
aspects of land use, etc.
By combining the spatial and factual features, the GIS deals with the what is and
where is issues. This can be captured via the identification of two basic types of data
commonly handled by a GIS. It deals with the aspatial and spatial data.
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Aspatial data (called also; non-spatial, descriptive, Attribute, alphanumeric,
semantic, thematic) reflect the features that are related to the description of the entity
and which are expressed using the standard data types. That is, they are frequently
either statistical or textual and increasingly include newly emerging image formats,
animations, hyperlinks, multimedia, and so on. For instance, assume that a user is
coping with data about hospitals, the attribute data could be hospital name and the
number of patients and/or deaths. In other contexts, the attribute data may be the label
of the river, the name and the population count of a country.
To each entity described by the attribute data, GIS software associates a spatial
feature that is represented by some coordinates and is thus mappable. Spatial data are
data that refer to locations. For instance, by considering the same example dealing with
hospitals, the associated spatial data may indicate the location of a hospital.
Commonly spatial data consist of one of the four types of graphic primitives, namely:
points, lines, polygons or pixels. The use of these primitives depends on the GIS data
model adopted to represent the spatial data. It deals with, the vector data model and the
raster one.
In the vector systems, the world entities are modelled using the following
graphic primitives: points, lines or polygons. With raster systems, entities are
represented using regular tessellations such as grid squares.
Vector digital data are captured as one of the above geometric elements according to the
map scale. In the vector model, information about points 1, lines 2, and polygons 3 are
encoded and stored as a collection of x, y coordinates. For example, a point location for
each hospital is stored as a coordinate pair and represented on screen using a dot or
another form of point symbol. For a river, it may be shown as a set of lines, a city could
be seen as a point or a polygon (depending upon the scale used to display this class of
entities).
The raster data model is a grid of dots (called cells, or pixels) filled with values.
A grid is a matrix of cells, organized into rows and columns. Hence, the geographic
space of interest is divided up into a series of units, each of which defined by an equal

1

In vector system, a point is represented using a single coordinate pair to model a given location.
A line (sometimes called arc or segment) is represented by grouping coordinate pairs. A line is marked
by a start and end point commonly referred as nodes.
3
Polygons (the technical term for an area or zone) are the result of a complete enclosing of an area using
one or more lines.
2
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amount of the earth’s surface. Different shapes of units are available (triangle,
hexagon...) but the most commonly used is the square. All satellite and aerial
photograph data come in raster form. Because a picture is stored in a computer in a
raster format, files of this kind can be manipulated quickly by the computer.
As a matter of fact, the vector model approximates the geographic entity by
representing with precise shapes and boundaries its features. This means that one can
draw far better maps with vector data than with raster data. Much less space is required
to store all the information, since empty space on the map can be ignored. This data
model is very widely used in fields such as computer cartography, analysis of networks,
municipal databases that contain descriptions of building footprints, streets, etc. Such
representation can be used by many devices like plotters, digitizers. The raster data are
often less detailed and may be less visually appealing than vector data files (figure I.3)
that can approximate the appearance of more traditional hand-drafted maps.

Figure I.3: Vector and raster data formats

I.5

Data organisation
As mentioned above, a GIS models the world through spatial and attribute data by

representing features that are, and where are, on the earth’s surface. The starting point
to work out this representation is to sub-divide features on the earth’s surface to form
real-world themes deemed relevant to the current study. Henceforth, the detected
themes are abstracted as layers in such a way that each theme is being represented by a
separate layer. On each layer, the associated features are modelled via a combination of
attribute data and spatial ones geo-referenced using points, lines, polygons or pixels.
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Depending on the study area, examples (figure I.4) of layers may include: roads,
railways, urban areas, coal mines, rivers, roads, buildings and so forth. This reflects a
usable subdivision of a dataset containing objects of a certain class.

Figure I.4: A sample of the world modelling in layers

Given the geodata organization in a series of layers, the full potential of GIS is
its ability to integrate data from different layers. This integration is intended to explore
the geographical relationships within the data. Concretely, this integration is performed
by laying one layer over another. Formally, this operation is the mathematical overlay.
Overlay analysis is the process of superimposing two or more layers, such that
the resultant maps contain the data from the involved maps for the selected features.
This allows matching different data layers for the same geographic area, which enables
to visualize the interactions among the different data. That is, to show the relationships
between features which occupy the same geographic space. The intersection between
two or more layers of data produce a new layer which attributes result from the merged
spatial data and attribute data from all the input layers.
One example of the exploitation of the overlay GIS facility is to compare the pattern of
roads with the location of farms to decide which farm to occupy. The criteria here
depend on which farms lie near the major roads. To reach the perfect decision, the farm
layer is overlaid with the road one to produce new layers which bring the required
information.
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In figure I.5, we show another potential use of the overlay operation where the layers
are relative to both countries and lakes. Here, the user is concerned with visualising to
what extend the water covers the land so the results could be investigated in different
living fields such as the agricultural decisions.

Figure I.5: An overlay operation

I.6

Spatial Relationships
In the GIS context, geographic objects are related through various spatial

relations [Clementini et al., 1994; Egenhofer, 1997]. The literature has revealed various
ways to classify these spatial relations. Although, they can be roughly classified in:
direction, distance, and topological relations. Depending on the application domain,
some spatial relations may be more important than others.
Direction relations describe order in space (e.g., north, northeast, and west).
These relations remain invariant under translation and scaling applied to the reference
frame. Although, they are subject to change under rotation.
The most common spatial relations are based on topology and distance. The
distance (called also metrical) spatial relationships deal with the geographical distances
among GIS objects. For example, this allows determining whether the distance of the
geographic objects is less than some value, or which geographic object is close to or far
from another. Since this relation relies on the metric concept, it is not sensitive to the
translation and rotation operation but vary under scaling.
The third major type of spatial relations is the topological relations. This class of
relations is concerned with the description of how geographic objects are connected to
each other. The literature has paid particular attention to the topological relations.
Unlike the metrical and directional relations that are seldom captured, topology is
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considered to be first-class information standing for the most useful relationships
maintained in many spatial databases.
Topology copes with qualitative properties excluding every quantitative measurement,
which captures different relationships among geographic entities. The feature shaping
such relations is that they are preserved under topological transformations such as
translation, rotation, and scaling.
Studies have intensively focused on the topological relations, but a well established set
in the GIS community was set up through the well known comprehensive formalism
proposed in [Egenhofer & Herring, 1990]. These relations are based essentially on the
empty/non empty intersections of interiors, boundaries and exteriors of the involved
objects. The proposed operators are well-defined primitive ones for topological relations
which may be used as the backbone for the definition of terms used in GIS and spatial
query languages.
The model proposed in [Egenhofer & Herring, 1990] addresses the topological relations
between two objects A and B, based on the intersection of A’s interior (A°), A’s
boundary (∂A) and A’s exterior (A-) with the B’s interior (B°), B’s boundary (∂B) and
B’s exterior (B-).
More formally, the mutual relations of two sets A and B are represented by a 3 by 3
matrix, called the 9-intersection. This matrix which we denoted F(A, B) is expressed as
follows.

⎛ A° ∩ B °
⎜
F ( A, B ) = ⎜ ∂A ∩ B °
⎜ −∩ °
B
⎝A

A° ∩ B − ⎞
⎟
∂A ∩ B − ⎟
A− ∩ ∂B A− ∩ B − ⎟⎠

A° ∩ ∂B
∂A ∩ ∂B

For instance, eight fundamental relations are defined between two area objects: disjoint,
contains, inside, equal, meet, covers, covered by and overlap. Figure I.6 shows a
schematic sketch and the corresponding matrices of these topological relations.
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Figure I.6: Topological relations and the corresponding matrices

While these relations make a consensus they are usually referenced using different
labelling. Indeed, it is more common to use the terms adjacency, connectivity,
intersection ... In other words, users have tendency to phrase these relations with less
rigorous informal terms.
In GIS, the interest of the spatial relationships is widely recognized not less than
the spatial entities themselves. This is due to the fact that geographic objects which
model the real-word entities maintain implicit spatial relationships (e.g. the beach touch
the sea) or are constrained to respect some relationships (e.g. inhabited areas have to lie
farther than x meters from a nuclear plant).
The substance of discovering and accounting for such relations is vital in many strategic
fields. Hence, in the agriculture field and for a farmer it is crucial to determine the
surroundings of a given planned plantation. So by realizing that the plantation is on
lowland adjacent to a river, this will prevent the farmer that, it is likely to assist to
flooding event. At least the farmer will be able to choose the adequate plantation that
may cope with this situation if it occurs.
The network analysis is one potential application of the topological modelling. By
exploiting the topology inherent to a GIS for emergency service dispatch, the concerned
organism may pick out in real time alternate routes needed in case of traffic congestion.
Likewise, the interest of the topological analysis may be manifested whether some
institution is coping with providing the optimal path between two candidate points.
I.7

Semantic data enrichment processes in the geographic context

Relying on the critical study of the GIS technology reported above, one can be
aware of the key role of the data. As above mentioned, the availability of the relevant
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data is closely related to three factors: (i) a consistent data acquisition process and the
resulting data cleaning, (ii) a following of the current state of the geographic entities
described in the GDB in such a way that the latter reflects a coherent image of the
reality and (iii) the specific purpose of the GIS used in the current study.
Indeed, even though devices and elaborate strategies are operated to address the
data acquisition stage and ensure a high level in terms of accuracy, precision and so on,
it is (quasi always) hard and not possible to reflect the reality at the minimal details.
In most cases, it matters to have all the characteristics of the environment where the
geographic entity is located. By revealing different activities settled within the
concerned environment and by depicting other natural and artificial entities that cohabit
there, managers could account for different interactions that may take place and
undertake the adequate decisions.
Moreover, the data that are stored in the GDB are bounded to entities which
undergo natural or artificial transformations at different transitions within their living
cycle. Such transformations have to be coped with in a timely fashion to warrant the
coherence of the GDB. Although, these situations are sometimes cumbersome since
they may undergo another topological elevation and other data acquisition aspects. This
needs the investment in human and material resources which is costly and time
consuming. By the way, finding other alternatives to pinpoint at the opportune time the
new data values is a preponderant decision.
The GIS itself is a critical factor that may have an influence on the expected
results. Hence, as stated above even though with a highly specialized GIS tools, not all
the strategic decisions can be undertaken. For instance, someone handling an
administrative GIS application can’t find social, economic or historic information of a
given geographic entity. With less specialized systems there is a loose in capabilities
needed especially at the analysis stage.
Indeed, sometimes the decision to make is a kind of summing up of various data linked
to different activities and different objects. For someone who intends to invest in a
given area, it is important to get different data describing the surrounding environment
of the site under scrutiny. Apart from the geographic position, the data to be looked for
are likely to be related to the living levels of the citizens (in terms of economic and
social criteria), the political stability (if the decision is concerned with some location in
a broad), the transportation facilities, information to determine whether the site is

34

Chapter I. Geographic Information Systems and Semantic Data Enrichment

strategic by being in vicinity to vital buildings, all these information and more may
contribute to lead to the optimal decision.
Taking in consideration all these situations that may confront the GIS user and
which may be harmful to the good decisions, other data sources are proposed as
alternative solution to the GDB. The proposed solutions are then put in use to provide
timely and worth informing data to circumvent the lack of data that may shape the
GDB. By doing so, we perform a database enrichment.
Enriching databases is then as urgent as the proliferation of the GIS applications
and the diversity of the GIS users’ requirements. The database enrichment has become a
preponderant need to make sound decisions. By database enrichment, we refer to the
process which aims to equip the initial data stored in the GDB with additional
information.
One way to reach this objective is to manage documents tackling about the geographic
entities, focus of the GIS application. To perform this and because the meaningful
information are conveyed in textual format, mechanisms have been set up to make a
bridge between the GIS systems and the text management systems. By doing so, the
users are enabled to locate the relevant documents and to extract the valuable
information of interest which complement the GDB aspatial data. Although, such
information search workflow is not a straightforward task since the majority of
documents deal with unstructured data and especially in a textual format. Hence, a
challenging key is to provide accurate and powerful means to pinpoint the relevant
information. More precisely, we look to alleviate the users from the common data
workflow which is; to read, locate and pick out the essential information. The user will
gain the time to be spent in looking for information, and will devote more time and
effort to analyse and make the adequate decisions.
Typically, the database enrichment strategies in the GIS context fall into two
classes. The first kind of the enrichment is concerned with the spatial aspect of the
GDB. One use of this data enrichment is its application within the overall generalization
process. In this context, the newly acquired information were used for instance to
provide geometrical and procedural knowledge to guide the choice of the generalization
solution [Plazanet, 1996; Neun et al., 2004].
The second enrichment category operates on the semantic data. A review of the
literature has revealed a set of works towards this kind of data enrichment, namely
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MetaCarta, GeoNode, PIV, SpatialML and Perseus. Because this dissertation is about
the semantic enrichment, in the sequel we report only the works falling in this category.
I.7.1 The existing works

I.7.1.1

GeoNODE

GeoNode (Geographic News On Demand Environment) [Hyland et al., 1999;
Clifton et al., 2001] is a system that provides end users with news-based information
related to some geographic entities. The idea that underpins the GeoNode project is to
provide end users with a mean to explore and mine real-world information sources like
broadcast news and web-hosted newspapers to search and analyze the embedded stories.
The overall processing is initiated by collecting information from different
sources as cited above. The textual contents are managed in such a way to depict
different stories discussed along through the information sources. The named entities
highlighted in each story are extracted by using the MITRE’s Alembic system [Day et
al., 1997]. The identified names refer to persons, places and organizations. For the place
names, the system attributes geospatial coordinates (latitude and longitude) via the
investigation of gazetteer information. The story datelines are also captured. All the
material already extracted namely, the named entities, the geo-referenced place names
along with the temporal indicators stand for the metadata.
Then after, GeoNode looks for the topics discussed along through the input
corpus. To achieve this target, the system considers each document as a set of named
entities. The latter are clustered [Clifton & Cooley, 1999] into topics in such a way that
the entities which co-occur commonly stand for a given topic. Hence, the co-occurrence
of the names related to organizations, persons and places many times, is considered as
the description of a certain topic.
Up to this point of the processing, the documents are ready for visualization via
a GIS. Each document within the corpus is plotted according to the geographical
locations that it mentions. In a map, the documents stories appear in terms of lightshaded circles. A scaling is automatically applied to the size of a circle to indicate how
many times the corresponding location is mentioned in the documents corpus.
Another aspect of the visualization method is related to a chronological view of some
documents that were classified under a specific topic. The documents are histogrammed
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according to date of occurrence, with each contributing news source receiving its own
histogram. A drill-down is supported by both chronological and geospatial visualization
modes. Concretely, this offers the ability to pursue information via zooming in on
specific times or places, and to access individual news articles by point-and-click
manipulation.
An example is shown in Figure I.7 dealing with a GeoNode typical session based on
ArcView GIS. By investigating a news source, the documents relative to some locations
are shown as geospatial tags on a map. For the current GeoNODE session, the source is
CNN. Two topic clusters have been nominated which describe the bombing of the US
embassies in Kenya and Tanzania, and the subsequent US cruise missile strikes on
Sudan and Afghanistan. Topic clusters are expressed as lists of named entities. The
cluster describing the embassy bombings is designated Afghanistan, Kenya, Nairobi,
Tanzania; the cluster describing the US counter strike is Afghanistan, Khartoum, Ladin,
Sudan.

Figure I.7: GeoNode geospatial search/visualization
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I.7.1.2

Perseus

The Perseus Digital Library (PDL) [Crane, 2001] is a pioneering digital resource
for the humanities which integrated several digital libraries and archives. PDL focused
on developing automatic methods for structuring large document collections ranging
over different historical periods. Initially, the PDL was essentially a digital archive on
the history and topography of London (especially managing the Bolles Collection on
London). Under continuous development, the PDL is attempting to integrate various
electronic libraries and archives from around the world.
Then, the PDL has recognized the necessity to provide means to assist end users in
sifting the historical material in a spatio-temporal fashion. This allows pursuing
document interconnections to reveal interesting events and map these in the geographic
context.
In order to achieve this objective, the PDL has leveraged its document
management system with Geographic Information System and Virtual Reality
technologies. This technological marriage has led to a gain in interaction between
different types of documents in the bulk of the archive. A GIS user can access historical
materials through chronological and spatial queries. For instance, he can use the GIS
functionalities to enquiry about the information dealing with the Tower Ward in London
before and after the Great Fire.
Indeed, the information embedded in historical documents are inherently potential
candidates to common queries applied in geospatial information retrieval. As matter of
fact, the historical material may address enquiries about periods and places such as
“what happened?”, “where?”, and “when?”.
A GIS user can choose a given location and inspect different relevant events. To
allow such association of location-event, a set of processing is applied to the input
corpus. To discover and explore all the available sources associated with a particular
place, PDL has settled a document management system exhibiting many capabilities.
PDL scans the documents to depict the major clues that shape historical
materials namely, named-entity, and date [David, 2001]. To achieve this, internal and
external knowledge have been exploited. For the former, they concern all positive
indicators that give some way towards the determination of the category of the tags at
hand (person, place…) given some rule of thumbs. Examples of these indicators are
honoforics (such as Mr., Dr.), generic toponyms (such as Rocky Mountains), or
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linguistic environment like the proximity in the text of place names to depict its right
location. The external knowledge are used to support this stage and consist essentially
in a Perseus gazetteer. The latter is the product of investigating some knowledge
sources to capture some valuable information. These sources are essentially the Getty
Thesaurus of Geographic Names or Cruchley's gazetteer of London and Dictionary of
National Biography.
Building on these works, the events [David, 2002] incarnated within the digital
library are extracted. This is performed by exploiting the co-occurrence of dates and
place names. As matter of fact, the system proceeds to a counting of the number of
sentences that contain each date or place and the number of times each date and place
occur in the same sentence. Contingency tables are then set up to register for every dateplace pair different valuable scores. The more time a date-place pair co-occurs, the more
likely they together reveal a substantial event.
A user can then select a given region and solicit the system to browse on the map the
already depicted events. Events are generally pairs of locations and dates. To stress on
the heavily documented events which are already marked as top-scoring ones at the
previous stage, the system highlights them by using brighter colour. For the lowerscoring events, they are shown with fainter colour. To have more information about the
event, the user may display text passages retrieved from the digital library. The system
organizes these passages according to the degree of phrases they share in common
within one or more sentences.
In figure I.8, we give an example informing the user about the geographic and
temporal range of a collection or a document relative to the 19c. Labelled items are
relative to the events of the battle of Waterloo, the eastern U.S. in the 1860s, and
California in 1849.
Users could further analyze event data in a temporally-aware GIS such as Time-based
Interactive Mapping (TimeMap 4). TimeMap offers facilities for managing, delivering
and interpreting essentially historical information, and museum collections.

4

http://www.timemap.net
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Figure I.8: Perseus exploitation in the geographic context (Labelled items relative to the battle of
Waterloo, the eastern U.S. in the 1860s, and California in 1849).

I.7.1.3

PIV

The Virtual Itineraries in the Pyrenees (PIV – Pyrénées Itinéraires Virtuels)
[Lesbegueries et al., 2006; Sallaberry et al., 2007; Marquesuzaà et al., 2008] focuses on
managing document collections referring to a particular geographical area. The corpora
to be managed are domain dependent. They consist of electronic versions of books,
newspapers, postcards, lithographs of the XIXth and XXth century reporting mainly
textual information relative to a territory (territorial aspects of the Pyrenees 5) and its
associated land history. Hence, the user can express his needs by formulating enquiries
that evoke directly the geographic entity (for instance, the Pau city) or indirectly with
less defined geographic area (for instance, the area between Pau and Lourdes cities).
The query results which are the documents retrieved from the solicited textual
repository are returned to the user by being displayed as icons associated to the places
they evoke (Figure I.9).
By pointing at a document icon, the user can access to the document content. Indeed, an
overview of the document is reported through displaying the paragraph that is relevant
with respect to the submitted query.

5

A mountain range in the south west of France
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To allow this information extraction, in back-office the system analyses the documents
to reveal the potential space features (SFs). This is made possible by using the
Linguastream 6 tool.
In the context of PIV, SFs fall into categories: (i) an Absolute Space Feature
(ASF) referring to a named entity like “Biarritz city” or (ii) a Relative Space Feature
(RSF) which is defined using a topological relation (like adjacency) with at least one SF
(for instance, “in the south of Laruns”).
The detected SFs are validated against the geographic gazetteers (districts, namedplaces, roads…). Then, the documents are indexed by exploiting the information
attached to the space representation and the georeferences of each validated SF.
The description of the SFs is performed in an XML format and is stored both in an
eXist 7 index database and a PostGIS 8 index database.
The same analysis is performed to the query which is considered as a textual document.
Each query is processed to depict the associated SFs. The latter are geo-localized and a
geometry is attributed to each one of them. Then, the intersection surfaces between the
space representations highlighted in the query and in the indexes of the corpus are
computed. To perform this mapping between the query and the corpus, the RSFs are
represented by Multiple Bounding Rectangles (MBRs) while ASFs are attached to more
precise geometric shapes.
The relevant documents according to the resulting surfaces are presented to the user as
described above.

6

http://www.linguastream.org
http://www.exist.sourceforge.net
8
http://www.postgis.org
7
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Figure I.9: A PIV session.

I.7.1.4

MetaCarta

MetaCarta [MetaCarta, 2005; MetaCarta, 2008] provides solutions that allow
end users to access unstructured textual documents related to some area located on a
GIS map. MetaCarta offers the geosearch technology (among other technologies) via
MetaCarta Geographic Text Search (GTS).
Using GTS, users are able to find documents that respond to their requirements. What
makes MetaCarta GTS powerful is its capacity to determine the geographical context of
a textual stream by identifying and distinguishing which geographical places, the writer
is pointing out.
To achieve this, MetaCarta GTS makes use of Geoparser and Geographic Data Module
(GDM) which together make up the Geographic Reference Engine (GRE).
Geographic Reference Engine (GRE) offers capabilities beyond standard entity
extractors. While the latter aim to identify entities such as place names, people,
organizations or even events through clues detection which are commonly tag words or
phrases, GRE provides entity meaning resolution in addition (a great variety of products
perform entity extraction but very few perform meaning resolution). This is performed
by lying upon some clues scattered along the given text stream. Hence, a standard
extractor would likely be able to distinguish that a given word is a place name or a
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person but it will scarcely determine which one. But a GRE module does this (almost all
of the times).
Once the extraction and meaning resolution are operated, the MetaCarta GRE affects to
each of the concerned entities a unique identifier which consists of information about
latitude and longitude values, along with a probability value for each candidate location.
The latter refers to the geoConfidence concept which is the likelihood that a location
affected to a text term is really the one designated by the author. For this purpose, the
GRE makes use of a combination of statistical and rules-based methods. Some natural
language processing rules rely on the existence of some surrounding text clues
preceding or following the word under test. These are considered as string positive
indicators to determine whether the candidate name is geographic or not and to which
location it refers. When such indicators are missed in the current context, the
geoConfidence score is assigned by leaning on a priori term frequency of the term under
test. Thus, the term Paris without other indications is a reference to the city in France
rather than Texas.
Really, GRE uses advanced algorithms consisting of geoparsing algorithms
incarnated into a MetaCarta GeoParser. The latter rests on the contents of the
Geographic Data Module (GDM) which make up the core of the MetaCarta Platform. A
GDM is a kind of knowledge database consisting of two basic components; linguistic
statistics and gazetteer. The first component, copes with mainly geographic name entity
extraction/meaning resolution and establishing both geoConfidence and geoRelevance.
In fact, the geoRelevance is depicted via a relevance ranking computed using several
factors like the proximity of the places mentioned in the document and geoConfidence
associated to each candidate location as a probabilistic weight that the author’s
intentions match the user’s requirements. Then, geoRelevance is a factor that
determines the degree of geographical pertinence of the documents.
Regarding the MetaCarta gazetteer component, it is a dictionary gathering a fraction of
the geographic placenames along with the associated data about them. The latter refer to
named natural or man-made entities. To quote but a few, placenames may be related to
continents, oceans, countries, states, provinces, regions, counties, towns, buildings or
road names. Besides this kind of data, a gazetteer contains some name variants (e.g. big
apple to refer to New York city) if any, latitude and longitude, container information
(e.g. country, state) and so on.
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MetaCarta GTS provides a fast text search strategy by appealing to a
Geoindexing. This is accomplished by using a text search index for geography called
CartaTrees. Indeed, the geoparsing derived elements, namely, geographic references
and location coordinates along with the full text of each document, are then indexed into
a CartaTrees allowing rapidly searchable information.
The overall GTS text analysis workflow results in retrieving documents describing the
designed location. The results are highlighted graphically on the input map in form of
icons (these symbols are called also stacks). Obviously there is a matching between the
location and the icon reference. This results in a speckled map. A user who wants to
consult the documents has to click on the icons which direct him towards the text
documents by clicking the relative hyperlink. Besides, an end user could merely place
the mouse over the stack to display a preview of the document through its first part.
In figure I.10, an ESRI ArcMap session is reported along with its extension with the
MetaCarta GTS. Yellow squares are the stacks as means relating the documents to the
current location.

Icons (squares in
yellow) on the map
represent the
geographic location
of a text reference

The documents hits

Figure I.10: Search for documents - ArcGIS Extension with MetaCarta GTS
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I.7.1.5

SpatialML

Another mean that could be exploited to enrich the existing GDB is the
SpatialML [Mani et al., 2008a, Mani et al., 2008b]. The latter is a mark-up language
developed to represent spatial expressions in natural language documents. Marking up
the spatial locations within the texts allows mapping documents to the geographic
entities handled within a GIS application.
The SpatialML is concerned with both absolute references like; Paris, “southern Kerala
district of Cudallah”, and relative references such as “thirty miles north of Boston”.
This spatial annotation scheme (figure I.11) relies mainly on the following tags:
PLACE, LINK and PATH. This syntax along with the gazetteers and other databases
are adopted to build a richer representation of the knowledge present in text.
SpatialML allows annotating and geo-coding references to places (indicated by the
PLACE tag) in natural language. SpatialML leverages ISO (ISO-3166-1 for countries
and ISO-3166-2 for provinces).
The relations among these places are captured via the LINKs tags. These relations may
be used to express for instance, containment, connection, or other topological relations
between pairwise locations. Concretely, a set of link types is offered to fill in the LINK
tags (for instance, NR <near>, PO <partial overlap>). This set is derived from the
Region Connection Calculus (RCC8) [Randell et al., 1992].
Besides, the spatial trajectories between locations are captured via the PATH tags.
These trajectories are expressed by evoking a particular direction and/or distance. One
example of the PATH expressions is the following “a building five miles east of
Fengshan”.
To carry out the annotation and the tagging, the SpatialML tool adopts the Callisto
annotation editor and the MIPLACE automatic tagger, respectively.
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Figure I.11: A SpatialML annotation

I.7.2 Our approach to the semantic data enrichment versus the
existing works

All the works reported above are roughly described as means to offer a bridge
between the GIS systems and the text management ones. By locating the geographic
entity on the map and indicating eventually some search key, end users are oriented
towards the corresponding information retrieved from a corpus of documents. The
information may be events (case of Perseus and GeoNode) or merely the whole
documents tackling the geographic entity at hand in the case of MetaCarta and more
precisely a preview of the first parts of these documents. For the PIV system, it reports
the documents along with the relevant paragraphs. Regarding SpatialML, it allows the
enrichment by making possible a mapping between the documents and the geographic
areas through the filled tags.
All of these works provide means to enrich the GDB by offering access to other
data sources and mechanisms to sift their contents in order to retrieve the information.
An access is possible back and forth to the GIS systems and the corpus of documents.
These works are beneficial since they intend to save time devoted to look for data,
which is a preponderant factor that can alter making decision at the adequate time.
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Although, they do no (or less) management of the retrieved documents. The user will be
overwhelmed with the great mountain of textual data that has to manage to extract the
gist of information.
Having the same aim of enriching semantically the GDB, we propose a new
approach to achieve this objective. The motivation underpinning this proposal is to
exploit more sophisticated and elaborate text management techniques that go beyond
merely retrieving the documents and locating or abstracting the events.
The main idea of our approach [Mahmoudi & Faïz, 2010a; Mahmoudi & Faïz, 2009a;
Mahmoudi & Faïz, 2008] is to extract valuable information from a corpus of documents
and to arrange them with respect to the automatically detected topics. Instead of
providing to the user raw texts per topic, we apply further processing to discard the
subsidiary information conveying no relevant information. By doing so, we intend to
relieve the user which is overwhelmed by the mountain of documents of the standard
handling executed in such cases. Commonly, the user reads texts, locates the text
excerpts of interest and then retains the main ideas either by writing some notes or by
mental memorization. Indeed, the latter stage can be mimicked by an automatic
abridging of the text to maintain only the gist of the textual material.
The overall semantic data enrichment process we proposed is sketched in figure
I.12. The latter, reports the coarse stages which may take place whenever a user has
already solicited the GDB and he is not satisfied by the query results. In such a case, we
manage the textual documents relative to the geographic entity under test to extract the
gist of information. To do so, we have followed the common and natural reasoning in
front to a textual stream. Hence, we first delimit the text passages that are thematically
homogenous, then we gather the passages tackling the same topic and finally we extract
the textual elements that convey the essential information and we throw away all the
subsidiary material. By referring to the literature to look for the techniques that are best
tailored to these deliberated objectives and that allow to put in use this workflow, we
find the text management techniques. More precisely, we have been inspired from the
text segmentation, the thematic identification and the text condensation, namely the
multi-document summarization techniques.
Because the information we look for are inherently distributed among a set of
documents, we propose a distributed modelling of our semantic data enrichment
approach according to the multi-agent framework.
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It deals with an Interface agent, Task agents and Geographic agents. The latter
are involved in the data enrichment process once the user is dealing with a set of
geographic entities (a zone). To distribute the load of work equitably among the system
agents, a delegation is undertaken.
Although the grounded reasoning we pursue to reach the target information, the user
may feel yet unsatisfied. To cope with such a situation, we propose a refinement of the
results by exploiting the spatial relations maintained among the geographic entity and
the other ones. We do so, to best locate the entity and by the way to increase the chance
to reach the required information by retrieving the most relevant documents relative to
the entity under test.
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Figure I.12: Workflow of our data enrichment approach
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I.8

Conclusion

Geographic Information System (GIS) is a decision support system involving the
integration of spatially referenced data in a problem-solving environment. GIS is
undergoing a continuous growth, whereas the persistent feature of such a system is its
heavy requirement in data availability. With a large set of relevant data, the decision
makers are able to carry out consistent and accurate analysis to reach the adequate
decisions. With the proliferation of the data sources and the mechanisms that allow their
mining, the GIS systems can profit from these facilities to support the decision makers.
In this chapter, a special emphasis was put on the marriage of the two
technologies, namely, GIS and text management to enrich the descriptive aspect of the
GDB. By proceeding in such a way, the needed data that are not provided by the GDB
are easily and timely accessed. In this context, many systems were proposed to enrich
the aspatial data by merely retrieving the relevant documents without (or with slight)
content processing. In front to this situation, we have proposed a new way to enrich the
GDB by allowing an extensive processing of the textual material to pinpoint the gist of
information.
The rest of this dissertation is dedicated to detail our semantic data enrichment
approach. This study is triggered by exposing a survey of the techniques which have
been our inspiration to devise our data enrichment approach. Hence, the chapter 2 is
concerned with the text management techniques studied to set up the main stages of our
approach.
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Chapter II

Text processing

II.1

Introduction

Today, the text processing techniques are in vogue. This is due essentially to the
proliferation of data since the documents are exchanged in an extremely high speed in
different formats and to the revolution in computational technologies. Indeed, the most
valuable material contained in documents is the unstructured textual data. This is
commonly the support of communication among human beings which conveys the
majority of meaningful information. With the panorama of search engines, these data
are becoming easy in access, while the associated management issues are not yet
thoroughly resolved. Being overwhelmed with a bulk of textual data with a bounded
time, the researchers have devoted much of endeavours to attack the problem of text
explosion and the inherent management issues.
In this chapter, we dedicate the second section to introduce the text processing.
The subsequent sections are concerned with some techniques issued from this research
area and which have been our inspiration for devising our data enrichment approach. In
section 3, we expose the text segmentation techniques. In section 4, we describe the
theme identification field. In section 5, we present the discourse analysis techniques.
Finally, in section 6 we highlight the multi-document summarization field.
II.2

Text processing

Today, a huge amount of electronic information is mainly encapsulated in text
documents, such as emails, memos, customer correspondence, reports, web documents,
etc. This is due to the fact that, the most natural form of storing and exchanging
information is the written texts. Unlike structured databases which are well designed to
be processed automatically, the texts exhibit no structure to allow such a processing in a
straightforward fashion.
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Hence, with the increasing electronic information overload and especially in its
textual format, the researchers are striving to develop robust methods to meet a variety
of user needs. Sophisticated text processing techniques have been emerged and
deployed to respond to these requirements. We put under the umbrella of text
processing a wide range of technologies issued from a variety of disciplines [Tan, 1999;
Weiss et al., 1999; Chibelushi & Thelwall, 2009]. These include especially the
computational linguistics (also known as natural language processing) and the Text
Mining.
Without worrying about the concerned discipline, by text processing techniques we
cover the techniques that manage textual streams of data to discover new pieces of
knowledge and those that merely find overall trends in textual data. Examples of such
techniques are: text clustering, automatic summarization, extraction of topics from texts,
information extraction, text segmentation, discourse analysis, text stemming, part-ofspeech tagging, text parsing, etc…
In our issue and to perform the semantic data enrichment, we are interested to
the following text processing techniques; text segmentation, theme identification and
condensation through discourse analysis. These techniques are studied in the rest of the
chapter
II.3

Text Segmentation

With the proliferation of digital textual information, the interest of delimiting the
full text to text excerpts has continued to grow. The end user which few years ago has
been forced to cope with large masses of text, can localize and access in a direct fashion
to the textual portions which satisfy his requirements. Hence, the text segmentation
technique designed to split texts into passages has became of primary interest.
Text segmentation is a technique defined as the automatic identification of
boundaries between distinct textual units (segments) in a textual document. The
substantial evidence behind this processing is that texts are naturally composed of units
(generally sentences) which are in turn arranged in such a way to form units of higher
granularity level referred to as text passages, segments or fragments.
Almost all the text research fields could be fertile areas for the text
segmentation. For instance, by handling individually text excerpts instead of the full

52

Chapter II. Text Processing

text as a whole, one can improve the effectiveness of the information retrieval task. In
other words, retrieving relevant text passages in answer to user queries tends to be more
efficient than large texts. Another example is the text summarization. The segmentation
may support the summarization process by providing different text segments
thematically related. Henceforth, condensing each fragment apart makes the
condensation of the whole text a straightforward task.
In the sequel, we survey some well known text segmentation algorithms and we
report some concluding remarks.
II.3.1 A survey of text segmentation algorithms

The segmentation algorithms [Utiyama & Isahara, 2001; Olivier, 2002; Rehurek,
2007] can be roughly classified into supervised and unsupervised categories. The
former rely on a priori information on boundaries and rules acquired during the learning
stage to infer real text boundaries. By opposition, the unsupervised methods make no
use (or too less) of prior information.
Despite the different segmentation strategies they propose, most text
segmentation approaches are unsupervised. Besides, they typically rely on words
distribution in a given text to provide clues for the segmentation.
In the following we report some segmentation algorithms issued from the two
categories.
II.3.1.1

The TextTiling algorithm

The TextTiling algorithm [Hearst, 1994; Hearst, 1997] is known to be the most
famous system for text segmentation. It rests on the fact that a certain set of words will
be used during the discussion of a certain topic. The text segment boundaries are posited
by looking for parts of a text where the vocabulary shifts from one topic to another.
To achieve the segmentation, TextTiling first subdivides the text into blocks of a
fixed size sliding along the text. Each gap separating two adjacent blocks is assigned a
cosine similarity value computed with a sliding window mechanism. This computation
is relative to the lexical cohesion among blocks revealing how many items two adjacent
blocks have in common.
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The resulting similarity scores are then plotted against the sequence of gaps. The
produced plot is analyzed for peaks and valleys. At each gap, the depth score is
computed. The deeper gaps are considered as potential candidates to stand for
segmentation points. The gaps with the highest depth scores are chosen as text
boundaries. In other words, at places where similarity scores change noticeably, text
boundaries are located.
II.3.1.2

The Dotplotting algorithm

The segmentation technique proposed by Reynar [Reynar, 1998] is based on a
graphical method called “dotplotting” or “dotplot”. The latter provides a visual view of
a matrix data. According to the dotplotting method, a matrix is generated using the
terms depicted from the text. A matrix reflects the word repetition within the text. A cell
(x, y) of the matrix is set to 1 whenever the word number x and the word number y are
the same or have the same root. Hence, if the same word appears at word positions x
and y in a text (where x≠y), we set the values in four cells to 1, namely (x, x), (x, y), (y,
x) and (y, y). Then, the points (x,x), (x,y), (y,x) and (y,y) are plotted on a graph. By
doplotting such matrix values, we generate a dense concentration of dots around the
area which corresponds to sentences x and y (figure II.1). For instance, whenever the
word w appears in the sentences 5 and 15. These word positions are dotplotted as (5, 5),
(5, 15), (15, 5), (15, 15). A dense concentration of dots around the area corresponding to
sentences 5 and 15 is produced.
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Figure II.1: An example of text dotplot

Visually and from the doplot, the boundaries can be identified as the regions
along the diagonal that are darker than other regions. The darkness reflects the density
level. More formally, the algorithm identifies the segments by measuring density.
Concretely, there are two possible ways to distinguish segment boundaries; either by
maximizing the density within segments that lie along the diagonal of the dotplot, or by
minimizing the similarity between different segments. A density is computed by
dividing the number of points in a region by the area of that region. For instance, with a
dotplot having a 4 words by 4 words region and containing 2 points, its density is set
equal to : 2/(4*4)=0.125.
The general process of delimiting the segments is carried out according to the
following steps: (i) Posit a boundary at one location, (ii) Compute the density of regions
off (on, in the case of maximization) the diagonal with this boundary and any previously
depicted boundaries and (iii) Record the computed density and the location of the
hypothesized boundary.
These steps are repeated for all the putative boundaries. Finally, each boundary
resulting in the lowest (highest in the case of maximization) density is selected.
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II.3.1.3

The C99 algorithm

The C99 algorithm [Choi, 2000; Choi et al., 2001] considers the real sentences
as basic units for identifying text boundaries. Among these units the cosine similarity is
computed. Being sensitive to the length of the sentences, the similarity absolute values
are no longer used for the rest of the processing.
Instead, C99 generates similarity matrix for which it applies a ranking scheme.
Behind this, the observation of Choi who claims that for short text segments, the
absolute value of similarity is unreliable. Hence, the similarity matrix is processed in
such a way to replace each initial value by its rank. The latter refers to the number of
neighbouring elements with similarity values lower than the value at hand. Finally, to
delimit the text boundaries, C99 adopts the Reynar’s maximisation algorithm [Reynar,
1998]. Then, the segment boundaries are selected to maximize a measure of internal
segment cohesion.
II.3.1.4

The Segmenter algorithm

The Segmenter algorithm [Kan et al., 1998] is based upon the lexical chain
concept. The latter is a kind of link maintained among all the occurrences of a term
inside the text. For each term occurrence, a chain traverses all the sentences where it
appears. Such a link is to be broken once we reach a certain distance. This occurs if the
number of sentences or words between 2 occurrences of the word is significantly too
high. This breaking is controlled by a threshold which value depends on the syntactical
category of the given term. For instance, a proper noun is often referenced by its
pronoun along through the text. Hence, there can be a lot of sentences containing this
noun with or without mentioning it, so the threshold for this kind of terms must be
higher than the others.
By extracting all the chains, these are weighted depending on the syntactical
category of the linked term, and on their length. By the way, according to the weight of
the links embodied in it, each paragraph receives a score. Besides, the beginning or the
ending of the concerned paragraph is identified. It is referred to as the history of the
links. Splitting the text at hand corresponds to assigning boundaries at the beginning of
the highest scored paragraphs.
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II.3.1.5

Beeferman et al. algorithm

Underlying this segmentation algorithm [Beeferman et al., 1999] the authors
claim which may be stated as follows: “learn how to place breaks in unannotated text by
observing a set of labelled examples”.
The idea of this algorithm is to devise a model to estimate for each position in a
textual stream the probability that a boundary belongs at that position. The algorithm is
governed by a pair of models: a short- and long-range model of language. For the shortrange language model (it is also referred to as “static”) and using a learning corpus, the
trigram models

p ( wi w− 2 , w−1 )

are trained. It deals with determining the identity of the i-

th word in a sequence, given the identifiers of the two previous words.
The long-range language model deals with likelihoods of words occurring within
a moving 500 words length window along the text. It is also called adaptive because as
the content of the window change, the probabilities are computed and updated. To deal
with such a model, the approach starts with a trigram model considered as a priori or a
default distribution, then tacks onto the model a set of features. The latter are “trigger
words” defining words whose occurrence is triggered by the existence of another. To
each trigger pair denoted (s,t) and by analysing text corpus, the approach attributes a
real-valued parameter

λ s,t

. This announces that the probability of the word t is boosted

by a factor of approximately e

λs , t

for N (500) words following the occurrence of s.

By using these two models, the algorithm relies on the comparison of cooccurrence probabilities in short- and long-range contexts. It compares the probabilities
of two words occurring together in a narrow co-text (a trigram, or 3-word interval) to
their probability of occurring in a wide adaptive co-text (a 500-word interval of text).
This comparison results on a boundary set up. This takes place whenever the
results of the comparison are as follows: the words appearing near each other in
trigrams cannot be found in the same sentence or in neighbouring sentences. This
reveals a certain discrepancy among the static and adaptive model probabilities.
According to the authors, this discrepancy indicates the existence of a boundary.
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II.3.1.6

Brants et al. algorithm

This segmentation algorithm [Brants et al., 2002] is based on the combination of
the use of the probabilistic latent semantic analysis (PLSA) model with the similaritybased method among pairs of adjacent blocks.
The first stage in this method is a document pre-processing. Given a training
corpus, such a stage results essentially in decomposing a given document into blocks
which are sequences of consecutive elementary blocks (i.e., sentences). A term vector
f(w|b) is associated to each block b representing the frequency of terms w in b. The set
of positions between every pair of adjacent blocks stands for the segmentation
candidates. During the training stage, the collection of documents are used in estimating
the parameters of the PLSA model using the EM algorithm [Jelinek et al., 1980], where
the number of clusters Z (latent classes) is preset. Such parameters concern P(w|z) and
P(z|d) where w, d and z represent the set of words, the set of documents and a latent
variable loosely thought of as a class or topic, respectively. In PLSA, the modelling of
the conditional probability between documents d and words w is carried out through the
latent variable z.
To segment a document, the approach proceeds by computing the estimated
distribution of words for each block b; P(w|b) and this for all words w for which P(w|z)
are already estimated at the training stage. For the adjacent blocks, the distribution of
words is compared to pick out the segment boundaries and this by relying on a
similarity computation metric. The resulting dips which are local minima are considered
for a depth computation. The difference of the peak at the left and the right serves to
determine the depth of a dip. Then, the relative size of a dip which is the size of a dip
(average of the depth of the dip relative to the peak situated at the both sides) divided by
the similarity value at the dip, is computed.
In case of known number of segments in advance, the dips with the largest
relative dip size are considered as the text boundaries. Otherwise (unknown number), a
threshold is used so the dips which relative dip size is bellow the threshold are ignored.
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II.3.1.7

Li et al. algorithm

The segmentation approach proposed in [Li & Yamanishi, 2000] relies on
detecting significant differences between STMs (Stochastic Topic Model). The latter
denoted P(w) (the probability of word w in the set of words W), is a linear combination
of the word probability distributions P(w|k) with the topic distribution P(k). Here the
term k denotes a topic picked out from a set of topics (clusters).
These clusters are produced before conducting the segmentation by creating
word clusters using a large data corpus. This is achieved by considering each word in
the corpus as a seed word, for which a word collection is performed. This collection
concerns the frequently co-occurring words with the seed one. A cluster is then formed
of a seed and its words collection already depicted. The clusters (topics) selected for the
rest of processing, are those whose seed word are included among the selected
keywords. The latter are selected during a topic spotting pre-processing step. During
this step, a computation of the Shannon information (usually denoted I(w)) is performed
for each word text, revealing the amount of information represented by it. By ordering
the I(w) scores, keywords are selected as being the l top words.
The segmentation starts by identifying the candidates for the segmentation
points of a given text. For each candidate we consider two pseudo-texts of h sentence
length on its left and its right side. Then, an estimation of the STM parameters is carried
out using an EM algorithm and this for each of the two pseudo texts from the two sides.
Based on the STM of the two pseudo-texts proceeding (denoted PL(w)) and following
(denoted PR(w)) the candidate, a similarity score is computed. This serves to plot a
graph related to the similarity per candidate. The low similarity values represented by
the graph valleys are potential segmentation points. The retained segmentation points
are the valleys whose similarity values are lower than a predefined threshold.
II.3.2 Concluding remarks for text segmentation

To ensure an accurate segmentation of our textual documents we have conducted
an analysis of the existing segmentation algorithms and mainly the exposed ones.
As pointed out above, the existing works on text segmentation fall into two
categories the supervised and unsupervised ones. From the start, the supervised category
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has been discarded. This category needs a priori information to guide the segmentation
process. This is not usually possible unless we take texts with specific features. In our
case, we manage different documents available on-line consequently no unique feature
prevails for all of them.
For the surveyed unsupervised algorithms, the literature reports many evaluation
results along with different assessment schemes. One of the famous assessment works is
the comparison conducted by Choi [Choi, 2000] among the TextTiling, Doplot,
Segmenter, and C99. Choi’s results show that C99 is more accurate than the others.
Whereas, TextTiling has the best performance (linear, whereas the rest are polynomial
time algorithms). Later, other works [Caracciolo & Rijke, 2006] have reported other
comparison results that go against the Choi confirmation. C99 was the worst.
In fact, independently of the computerized evaluation strategy, one can reveal
the following observations concerning the supervised algorithms. The TextTiling is the
most used and referenced algorithm and by the way many recent works like [Rehurek,
2007] build on it. This algorithm operates well on long texts rather than on short ones.
In fact, it is sensitive to the block size which has to be small enough to catch relatively
short discussion.
Underlying Dotplotting and C99 is a graphic representation. This allows picking
out the delimited zones even visually. The Dotplotting major default is the dependency
between the already set up boundary and the new one. C99 was criticized regarding the
ranking scheme to carry for each generated similarity matrix which can slow down the
segmentation process. Although, it is acknowledged that C99 is one of the best
supervised segmenters.
For the segmenter algorithm, the derivation of lexical chains can be expensive in
time and text long sensitive. Thus, this assumes a considerable effort to build such
chains.
To sum up, we can say that all of the surveyed well established text
segmentation approaches operate to find the most prominent text boundaries. While this
target is reached in an approximate fashion by all of the existing works, some of them
are deemed more performant than others. From a comparative study, we conclude that
C99 and TextTiling are the best known algorithms in this research area seen the good
results they offer. Hence, in the dedicated chapter we will show how to adapt them to
carry out the segmentation of our textual documents.
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II.4

Topic Identification

The growing amount of electronic textual data, has led the researchers to devise
ways allowing people to keep track and locate in an efficient way the interesting
information according to their profile. Revealing the main idea or topic of a text flow is
one approach that may contribute to achieve this aim. By topic we designate a particular
subject that we write about and discuss along through a textual stream.
Building a robust automatic topic identification (TID) tool is not a trivial task,
seen the unstructured nature of text. Whereas the settlement of such robust systems
remains an issue, providing means to foreseen a text topic could be beneficial to many
text processing tasks.
Generally, the topic identification is not studied as a standalone field.
Nevertheless, it is considered as a central step for many automatic text processing tasks,
such as information retrieval, text categorisation, text segmentation, text summarization,
information extraction techniques and so forth. Revealing the “aboutness” of a text may
guide and assist us to conduct other text processing stages making them more
straightforward. Some authors have even pointed out that TID is comparable to the
summarization technique. This is due to the fact that the two research tasks strive to
provide a compact view of the text content.
In the forthcoming sections we present some works related to the TID field and some
concluding remarks.
II.4.1 A survey of TID works

As stated before, many text research fields could benefit from the outcome of a
TID process. For instance, the document categorization task is closely related to TID.
The categorization is defined as the process of assigning a document to a given category
referenced by a topic label. Then, the aim is to depict the main topic of a document to
be able to affect it to the relative category.
In fact, the native efforts in the TID field have focused on the word occurrence
frequency, word position and other text indicators. Only the word frequency counting
has been adapted as a robust mean across different domains.
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Disregarding the application field, in what follows we present some well known
TID approaches.
II.4.1.1

The topic unigram language model

This method [McDonough & Ng, 1994; Schwartz et al., 1997; Bigi & Smaïli,
2002] is known to be the most classical and standard TID method. It is based on a
simple idea which consists in counting the number of words’ occurrences for each topic.
The aim here is to estimate p(T j W1N ) which refers the likelihood attributed to

each topic given the vocabulary W1N . According to Bayes rule, this probability is
expressed as follows:
p (T j W1 ) =
N

P (T j ) P(W1N T j )

∑

j
k =1

P(Tk ) P(W1N Tk )

Where W1N (N words of the document) is a words sequence W1N = {w1 , w2 ,..., wn } ,
P(Tj) is a priori probability of topic Tj. P (W1N T j ) = ∏ P ( wt T j ) is the probability of
t =1
N

W1N given a topic Tj. The matter is then to estimate P(w|Tj), the probability of a word w
within a theme Tj and this for every word taken from the Tj vocabulary is as follows:
⎧ γ f ( w T j ) if ( w ∈ V j )
p( w T j ) = ⎨ j
else
⎩ε
Where,

∑

wi ∈V j

γ j f ( w T j ) + ε = 1 , f(wTj) is the word w frequency within Tj taken

from the Tj corpus, and γ j is a normalisation factor used to ensure a sum of probabilities
equal to 1. The words encountered during the test stage and not in the training corpus,
are assigned the probability ε and are defined as UNK words for unknown words.
II.4.1.2

The TFIDF Classifier

The TFIDF [Salton, 1991] classifier relies upon a vector representation of texts.
A topic j and a document i are mapped to the vectors Dj and Di, respectively. These
vectors are considered for a similarity computation. The topic corresponding to the
highest similarity will be considered as the topic of the document under test. The
computation is performed using the cosine distance shown below:
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∑

sim ( D j , Di ) =

n
k =1

w jk wik
2

2

∑ (w jk ) ∑ (wik )
n

n

k =1

k =1

Where Dj=(wj1, wj2, ..., wjn) with n being the number of words of the topic j and wjk the
word k weight. The weight wjk is expressed as follows : wjk =nfjk.idfk, where nfjk is the
term frequency reporting the occurrence of word wk within the topic j. idfk =log(

D
) , it
dfk

is known as the inverse document frequency, with dfk is the number of documents in
which word w appears and |D| the number of documents. This weighting scheme allows
distinguishing the words which appear frequently in one topic and in a limited number
of topics from those appearing in many topics or rare. For the former (frequent words),
the function assigns high values to these words referred as topic-specific ones.
Conversely, the latter are assigned low weights.
II.4.1.3

The cache model

The Cache model [Bigi et al., 2000] rests on the topic keywords concept. The
latter is nothing but a set of keywords picked out automatically and which are relative to
a given topic. Associated to this set a statistical distribution generated from the training
corpora. A cache probability is expressed as follows:
⎧ N ( w)
if w ∈ C
⎪β
Pc ( w) = ⎨ Nc
⎪⎩ αPg ( w) if w ∉ C

With N(w) and Nc are; the occurring number of word w in the cache C and the total
number

of

words

in

the

cache,

respectively. α and β are

normalization

coefficients. Pg(w) is a probability attributed to all words not in the cache.
The content of the cache is compared to the topic word probability. The latter is given
by:
⎧⎪γ P( w T j )ifw ∈ V (Tj )
Pj ( w) = ⎨ j
⎪⎩ αPg ( w)ifw ∉ V (Tj )
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With, Pg(w) is the probability referred in the previous equation which is assigned to nonkeywords of Tj, V(Tj) denotes the Tj topic keywords vocabulary, P(w|Tj) the unigram
probability of w in Tj, and finally γ j is a coefficient of normalization depending on Tj.
Given Pj (w) and Pc (w) , the Kullback-Leibler distance [Kullback & Leibler, 1951] is
computed between the two probability distributions and this for each topic Tj at each
time t. Formally, this corresponds to the formula below:
Pc(wi) ⎞
d j(t)=∑(Pc(wi)−Pj(wi))log⎛⎜
⎟
P
⎝ j(wi) ⎠
i∈V

Where V={w|w∈ (Tj∪C)}. By normalizing dj(t) by its value on an empty cache we get:

d *j (t ) =

d j (t )
d j (0)

The topic assigned to the text is the one having the lowest distance expressed by d *j (t ) .
II.4.1.4

The weighted model

Like the cache model, the weighted model [Brun et al., 2000] relies upon the
computation of distances among the text and the topics. To each topic, are associated a
unigram and word weights. The latter is inversely proportional to the number of topicvocabularies in which this word is depicted. Hence, a word present in three topic-

1
vocabularies receives as weight. An unknown word receives a weight set to 1 , j being
j
3
the number of topics.
The words which number of occurrences is beyond a predefined threshold are
considered as topic candidates. To assign a topic, probabilities estimation is performed.
Following the weighted model, the retained topic is the one corresponding to the highest
probability value ( Tj( W1N ) ). Formally, this is expressed for a text W1N and for each
topic j as follows:
N

T j (W1 ) = β j
N

∑ LP(w
k =1

k

T j )η ( wk )

N
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With wk is the kth word within W1N , LP ( wk T j ) is the log probability of wk in topic j and

η(wk ) the wk weight. The weight β j associated to topic j is expressed as follows:

βj =

αj

∑

j
k =1

αk

Where, α j = ∑k =1 j η ( w k ) , N(Vj) reflects the words number within the jth topic
N (V )

vocabulary.
II.4.1.5

The stochastic topic model

This approach [Li & Yamanishi, 2000] relies upon the idea that a topic is
defined by the cluster of words that are closely related to it and that this topic is a seed
word of this cluster. The overall process begins by estimating the STM (Stochastic
Topic Model) for the text at hand using an EM algorithm. The chosen topics (clusters)
are those having the highest probability values. STM is employed to represent a
distribution within a text. This is expressed as follows:
P ( w) = ∑ P ( k ) P ( w k )
k∈K

Where, w Є W (the set of text words), K is the set of topics and k one item of this set.
Before constructing the STMs, the text is pre-processed by performing a word
clustering and a topic selection. From a large data corpus, each word is considered as
seed word for which we look to find the frequently co-occurring words with it. Then, a
cluster is formed of a seed and its word collection already depicted.
The second kind of pre-processing consists in computing the Shannon information for
each word of the text as follows:
I ( w) = − N ( w) log P( w)
With N(w) is the frequency of word w within the text and P(w) the occurrence
probability of w as estimated during the training. Informally I(w) refers to the amount of
information conveyed by w. This pre-processing serves to choose text keywords which
are text words marked as the top l words sorted in descending order of I( ).
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Given the results of word clustering, any cluster (topic) whose seed word belongs to the
selected keywords, is chosen. Then, a merging takes place among any two clusters if
one of the seed words belongs to both of them.
II.4.1.6

Knowledge-based automatic identification

The approach proposed in [Lin, 1997] identifies topics by counting concepts
instead of using the word frequency counting. Apart from the literal words found in the
text, the author looks for the concepts that lead to a certain level of generalisation. The
system begins by considering a concept hierarchy for every text word using the Wordnet
thesaurus [Fellbaum, 1998] and other knowledge sources by deriving the parent
concepts for each one of them. To pick out the text topic, the algorithm uses the concept
frequency ratio. The latter denoted R, is expressed for each concept C as follows:
R=

MAX ( weight of all the direct children of C)
SUM ( weight of all the direct children of C)

To use such a ratio, a branch ratio threshold (Rt) has to be defined. It serves as a
cut-off point for determining the degree of generalization. By the way whether a
concept’s ratio R is less than Rt, it is considered as an interesting concept. For instance,
we consider a simplified hierarchy having as a root computer company and two children
Toshiba and Apple. The latter are literal words appearing in the text with 1 and 7 their
frequencies, respectively. Accordingly, the concept computer company weight is 8 (the
sum of the weights of its children). Then, R is set equal to 0,85 (7/8). Whether the Rt is
set to 0.68, then Apple is chosen as the text topic. Indeed, eighty five percent of the
weight of concept computer company comes from its immediate child concept, Apple.
In fact, other parameters govern the TID process such as the starting depth. This
is used to control the depth level that we have to not exceed in a concept hierarchy. All
the algorithm parameters are fixed empirically.
II.4.2 Concluding remarks for TID

At first glance, one can notice that almost all the TID approaches are supervised.
That is, they rely on training corpora. This assumes that we handle a given set of
documents all of them have the same features as those exhibited by the documents used
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during the training. Besides, almost all the existing TID approaches are tackled in the
context of categorization where the topics are fixed a priori. The aim is then, to reveal
the topic of the new document to join it to the category.
Regarding the knowledge-based method reported here, it overcomes the
limitation of the other approaches by going beyond simply counting the literal words
picked out from the text to consider concepts. Although, it doesn’t operate a valuable
semantic investigation since it is limited only to the hypernymy relationship between
the literal words and doesn’t account for other semantic relations.
Given this analysis, we will devise our own unsupervised algorithm to the theme
identification. We do so because we manage a variety of textual documents and fixing a
priori information to guide the TID process is prohibitively unfeasible. Inspired from
the existing works, we propose a solution that merges the literal frequency counting and
the knowledge use that exploits different semantic relations.
II.5

Discourse Analysis

A discourse is more than a juxtaposition of adjacent sentences but it obeys to a
certain organisation. By analysing the discourse structure, one can reveal much
knowledge that is worth interesting for different text management tasks.
Discourse analysis [Danlos, 2007; Jackiewicz & Minel, 2003; Boch et al., 2003;
Amblard et al., 2008], investigates the automatic derivation of the discourse structure of
a text. This allows going beyond processing the individual elements to relate them in the
larger whole. In other words, this analysis focuses on the interpretation of a text which
involves and leads to understand how its sentences and clauses are semantically related
to each other to give rise to a highly elaborate structure.
Although automatically deriving the discourse structure of a text is a difficult
problem, being able to achieve this task has a significant impact on solving a variety of
problems in natural language generation, machine translation, summarization, question
answering and so forth.
In what follows, we outline the main discourse analysis theories.
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II.5.1 A survey of discourse analysis works

To make the automatic discourse analysis feasible, several theories have been
proposed. Some of which are well known and grounded like Rhetorical Structure
Theory (RST), Discourse Representation Theory (DRT), Segmented Discourse
Representation Theory (SDRT) and Discourse Lexicalised Tree Adjoining Grammar
(DLTAG). These theories are to be described in the forthcoming subsections.
II.5.1.1

Rhetorical Structure Theory (RST)

Originally proposed by William Mann and Sandra Thompson [Mann &
Thompson, 1987; Mann & Thompson, 1988], the Rhetorical Structure Theory (RST), is
one way to derive the text structure. In this framework the central and crucial constructs
are rhetorical relations. The principle that underpins the RST is that the majority of texts
(except some unusual texts like legal ones) can be analysed in terms of rhetorical
relations. The latter hold among textual units. The minimal unit of text organization in
the spirit of RST is the clause.
This theory relies upon the concept of nuclearity which announces that some
units are more interesting than others. The unit belonging to the former class stands for
the text nucleus and the unit belonging to the latter class is called a satellite. Hence, if
we consider a sentence of the form: “A because B”, then A will be considered as a
nucleus. B is just a subordinator of A which is a more central clause. Then, B stands for
the satellite. A justification relation is maintained among A and B.
A text structure in the RST framework can be represented as a rhetorical tree
whose leaves are minimal text units and the internal nodes are the contiguous units.
Each unit represented in the tree is attributed a nuclearity status, either a nucleus or a
satellite. Besides, a rhetorical relation is mentioned highlighting the kind of the
rhetorical link maintained between the two nodes.
II.5.1.2

Discourse Representation Theory (DRT)

Discourse Representation Theory (DRT) is one discourse structure theory
proposed in the early 1980’s [Kamp & Reyle, 1993]. It is considered as a theory of
natural language semantics which aims to associate sentences with expressions in a
68

Chapter II. Text Processing

logical language representing their meaning. DRT, allows the sentences translation into
a logico/graphic representation. Derived from this processing, the Discourse
Representation Structure known as DRS. a DRS is:
♦ A set of referents: the entities which have been introduced into the discourse.
These are commonly known as discourse universe (variables like; x, y, z…).
♦ A set of conditions: predicates which are known to hold for each of these entities
(referents).
More formally, a DRS is a pair <U, Con>, where U is the discourse universe,
and Con is a set of conditions. Let’s x1,…,xn be the discourse referents and C1,…, Cm are
DRS-conditions. The graphic representation of the syntax of a DRS can be illustrated by
figure II.2.
x1,…,xn
C1,…,Cm
Figure II.2: A DRS graphic representation

The conditions may be atoms, links, or complex conditions. By atom we refer to
a predicate name applied to a number of discourse referents, like: eat(x, y), dog(w). A
link condition holds between two discourse referents expressed as follows: t=r, where t
and r are the referents. For the complex condition, it has the following form R ⇒ R’ with
R and R’ are two DRSs.
For the sake of clarity, we consider the following text portion for which we look to
apply the DRT to represent it in terms of DRSs: (1) “A woman walks. She smokes.”
The DRS for text 1 is the following box-like structure shown in figure II.3 (a):
x, y
Woman(x)
Walk(x)
Y=x
Smoke(y)

y
x
Woman(x) ⇒ Walk(x)
y= ?
smoke(y)

(a)

(b)

Figure II.3: A DRS representation of the text 1 (a) and text 2 (b)
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In this case we have two discourse referents (x and y), denoting ``a woman'' and ``she'',
respectively. In fact, these are the text entities. These referents are situated at the top
part of the box. The conditions holding among the referents are located at the lower part
of the box. These conditions are atomic formulae in predicate logic: Woman(x), Walk(x)
and Smoke(y). Another condition expresses an anaphoric link has been established
between ``she'' and ``a woman'' by virtue of the condition y=x.
Intuitively, this DRS view describes in some way a situation where two entities
referring to the same object are involved. The latter has the properties of being a
woman, walking, and smoking.
If we consider the following discourse fragment (2) “Every woman walks. She
smokes.” A DRS representation is show in figure II.3 (b). In this situation and due to the
existence of the universal quantifier “every”, we have to use two DRSs which are
conjoined by the ⇒ operator. This is one form of a subordination entailing a relation
between DRSs. Using the DRT theory, we can define subordination between DRSs
which can be announced as follows: a DRS subordinates another DRS if the first
encapsulates the second.
Besides, another condition is introduced by the pronoun: y=? (? shows that the
corresponding antecedent is unknown). In DRT, anaphoric pronouns are only allowed to
refer to discourse referents that are accessible. “Every woman” is not accessible from
the viewpoint of discourse referent y, introduced by the pronoun “She”, because it is
declared at one level deeper than the discourse referent of the pronoun.
In the last example, the referent x (denoting “Every woman”) is not accessible to y
(associated to the pronoun “She”) because of the use of “Every”. The latter is one of
the expressions which block discourse referents from being antecedents in the DRT
theory.
II.5.1.3

Segmented Discourse Representation Theory (SDRT)

The SDRT (standing for Segmented Discourse Representation Theory) [Asher &
Lascarides, 2003], is another representation framework for discourse structure. It is an
extension of DRT incorporating an account of discourse structure and the rhetorical
links. That is, SDRT builds a structured discourse representation governed by rhetorical
relations.
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In this theory, a discourse structure is represented using the Segmented DRS (SDRS).
Defined in a simpler fashion, a discourse structure is a set of DRSs linked together by
rhetorical relations like result, background, evidence, etc.
In SDRT, a text is represented by SDRS, which is a pair of sets containing DRSs or
SDRSs representing respectively sentences or text segments, and discourse relations
between them.
A SDRS is a couple <U, C> with U being the set of labels and C the conditions set. A
condition is a formula like π : Kπ or like R(π1, π2), where π, π1 and π2 are labels
belonging to U used to identify the content of clauses or of text spans, Kπ is a discourse
elementary constituent; a DRS representing a proposition, or a complex constituent (a
SDRS), and R is a discourse relation. For each π Є U, C contains one and only one
formula π : Kπ.
For the sake of clarity, we take the following text derived from [Sporleder &
Lascarides, 2006]:
a. The high-speed Great Western train hit a car on an unmanned level crossing
yesterday.

[π1]

b. It derailed.

[π2]

c. Transport Police are investigating the incident. [π3]
Three labels π1, π2 and π3 are depicted corresponding to the content of clauses (a), (b)
and (c), respectively. A mapping of these labels to logical forms has given Kπ1, Kπ2, Kπ3.
Besides, we get two additional logical forms consisting of rhetorical relations linking
the clauses contents so taking the labels as arguments:
π1: Kπ1
π2: Kπ2
π3: Kπ3
π0: continuation (π, π3)
π : result (π1, π2)
The semantic interpretation of these conditions is that Kπ2 (i.e., the train derailing)
results in Kπ1 (i.e., the train hitting a car). The contents of the text span (a-b) and the
sentence (c) referenced by the proposition labels π and π3 are about the same topic; the
train accident, so they are related by a continuation link.
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The SDRT divides the rhetorical relations into subordination and coordination ones.
The coordination reveals relations among units having the same importance, in
opposition to subordination which bears the dependence relations.
II.5.1.4

Discourse Lexicalised Tree Adjoining Grammar (D-LTAG)

Discourse Lexicalised Tree Adjoining Grammar shortened as D-LTAG [Forbes
et al., 2001; Webber, 2004], is a discourse analysis approach regarded as an extension
of the Lexicalised Tree Adjoining Grammar (LTAG).
LTAG lies on trees as the fundamental building blocks. LTAG posits two kinds of
elementary trees: initial trees and auxiliary trees used to provide syntactic analysis of a
sentence. These trees are combined through substitution or adjunction operations to
generate more extended derived trees. At least one leaf node of an elementary tree is
labelled with a terminal symbol (i.e., word) called an anchor which is marked with ◊.
An initial tree is a tree of which the interior nodes are all labelled with non-terminal
symbols. The nodes on the frontier (leaves) of this tree are either labelled with terminal
symbols or non-terminal symbols marked with the substitution marker (↓) designing a
substitution site.
An auxiliary tree is defined as an initial tree, except that exactly one of its leaf nodes
must be marked as foot node (`*'). The latter must be labelled with a non-terminal
symbol and it is identical to the root node label.
Substitution replaces a leaf node by another tree which top node has the same
label. Adjunction inserts an auxiliary tree into the center of another tree. The root/foot
label of the auxiliary tree must match the label of the node at which it adjoins.
An example derived from [Yoshinaga N. & Miyao Y., 2005] is shown in figure III.4.
Note that the history of trees combination is represented by a derivation tree.
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α1

S

NP↓

substitution
α2 NP

VP

adjunction
VP

V

V

can ◊

run ◊

N

β1

VP*

derived tree

derivation tree

S
NP
N
we ◊

α1
VP

V

α2

β1

VP*

V

can ◊

we ◊

run ◊

Figure II.4: An example of LTAG with an application of the corresponding operations

LTAG formalism was extended to analyse the structure and semantics of lowlevel discourse which has given rise to another approach known as Discourse
Lexicalised Tree Adjoining Grammar (D-LTAG). This new formalism uses the initial
trees as encoding predicate-argument dependencies and auxiliary trees which allow to
modify and/or elaborate elementary trees. More concretely, clauses connected by
subordinate conjunctions form an initial tree with the subordinate conjunctions being
the predicates and the arguments are the clauses. Auxiliary trees which may be
anchored by adverbials, by conjunctions provide further information through
adjunction.
D-LTAG defines a set of structures (tree family) associated with or anchored by
predicate connectives. A tree family is shown in figure II.5 (DC stands for discourse
clause), anchored by connectives like because.
DC

DC

↓

DC

DC

because ◊

↓

because ◊

DC

s↓

DC

s↓

Figure II.5: A tree family anchored by a subordinate conjunction: because

For the illustration of the use of D-LTAG, we give the following text portion:
“You shouldn’t trust John because he never returns what he borrows”. Figure II.6
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reports the different trees involved in the analysis of the text structure in a D-LTAG
fashion.
Here we are concerned with two clauses; let’s say A preceding the subordinate
connective because and the clause denoted B following the connective. For each of
these clauses is associated one LTAG parse tree. This example involves the initial tree
anchored by because. The resulting derived tree is governed by the same operations as
the LTAG. In this example a substitution is performed using A at the left hand and B at
the right one. By virtue of the tree semantics, the derived tree announces that the
interpretation of B’s situation causes the A.
DC

DC

DC

↓

because ◊

↓

A

Δ

because ◊

B

Δ

Figure II.6: The derivation of the example

II.5.2 Concluding remarks for the discourse analysis

The various accounts of discourse analysis reported in this chapter exhibit merits
and limitations. First of all, RST is the most widely applied discourse theory, it has
found its application in many research areas [Marcu, 1999; Marcu, 2000; Marcu &
Echihabi, 2002]. This is at least because the claim behind the RST is concisely stated,
easy to understand and apply, and intuitive appealing. Despite its popularity, the
original RST statement lacks a formal specification governing the rhetorical structure
tree building.
For the DRT, while it is a well grounded account in a logico/graphic
representation of the discourse, it fails to capture the relations that hold among the
textual spans. Hence, to remedy to this shortcoming the SDRT was proposed. SDRT has
enriched the DRT logical forms to include rhetorical relations along with semantic
assignments. Concretely, SDRT is inspired from the RST by proposing roughly the
same discrimination of the relation (coordination/subordination). Although, SDRT is
known as being more formally precise and linguistically grounded theory of discourse
interpretation, contrarily to the RST which is a descriptive theory without any formal
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background. Besides SDRT allows more than one relation to hold among two spans,
which is not the case with RST. Being more restrictive, in this latter formalism only one
relation is permitted.
Finally, the D-LTAG theory which relies upon discourse connectives uses
lexical tree fragments. This offers a way to overcome the decoupling of discourse
semantics from discourse syntax. Although, the deficiency of such reasoning is, the
impractical possibility to map a whole discourse into lexicalised trees. This assumes the
existence of a family set of the discourse connective along with the lexical trees
associated with the text spans involved.
Despite the formal accounts bearing on the SDRT and D-LTAG formalisms
there is no clear algorithmic view guiding the derivation of a text discourse structure.
However, for the RST and because of the associated clear statement, such an
algorithmic solution is achievable. This was the objective of the work in [Marcu, 2000].
The latter has proven that with no syntactic pre-processing, it is possible to set up a
clear procedure to derive a text structure.
Based on this fact, we will adopt the RST during the filtering stage performed
along our semantic data enrichment approach.
II.6

Multi-document Summarization

With the continuing rapid expansion of online information, it has become
increasingly important to provide improved mechanisms to find and present textual
information effectively. Conventional information retrieval systems including modern
search engines find and rank documents based on maximizing relevance to the user
query, yet these systems still require users to read the documents to extract the gist of
information. To manage this great amount of textual data, text summarization has been
proposed as a process of identifying the most salient information in a document or a set
of related documents and conveying it in less space than the original texts. An
additional problem entailed by the explosion of online information is the existence of
multiple documents covering similar information. Multi-document summarization has
been developed to summarize the documents and relieve the searcher of reading all of
them.
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Independently of its type, summarization is a mixture of many text management
techniques such as clustering, discourse analysis, information extraction and so on. The
former works have focused only on a single document. Nowadays, with the explosion of
electronic data streams, much effort is devoted to build multi-document summarization
(MDS) systems. While the two kinds of summarization systems have the same purpose,
MDS poses interesting challenges beyond summarizing a single document. In fact,
MDS has to cope with some particular issues, essentially the coverage and the
redundancy minimization. The coverage, concerns dealing with all the information
conveyed in the whole document collection. For the redundancy issue, one has to
summarize the collection of documents while not retrieving portions of text that report
the same information already included in the summary. In fact, this area is still being
fleshed out because most past efforts have focused on single document summarization.
MDS process seems to be a quite simple task, but when generating summaries
many issues ought to be considered. By the way, taxonomically one can distinguish
many types of summaries. First of all, one has to make a choice between two
alternatives; abstract or extract like. The latter, refers to the extraction of pieces of text
units. These may be sentences and even text passages. Although, the second alternative
is a hard task and consists of novel phrasing. This requires text generation using robust
natural language processing approaches, not needed for extracts. In fact, almost all the
approaches are extractive ones, due to time consuming relative to those relying on text
generation which is not justified by the results achieved.
The second issue is to choose between indicative, informative and evaluative
summaries. A summary can be indicative, used as a mean to indicate whether the
sources might be worth reading. The user can be alerted by merely generating a list of
keywords indicating text topics. A summary can be informative, used to convey the
content of the sources in a shortened version. It can be also evaluative, providing a
critique of the source, as in a book review. Finally, the audience is another factor that
leads to various summarizations. The summary may be a generic or a customized one to
the users’ interests.
II.6.1 A survey of MDS works

A variety of MDS [Farzindar et al., 2005; Conroy et al, 2006; Judith et al., 2008]
approaches inspired from different disciplines have been intensively studied. Some
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approaches adopt statistic methods, others use natural language processing. A third class
of approaches exploits information extraction techniques. Finally, a combination of all
these techniques has been proposed too.
In what follows, we outline some well known MDS approaches.
II.6.1.1

Gees et al. approach

Gees et al. [Gees et al., 2000] describe a MDS approach, consisting mainly of
three steps. The process begins by generating a summary for each document in the
corpus. The single summary generation is based on a summarizer dedicated to deal with
one document. These single-document summaries are then clustered according to the
similarity of their topics. This is based on a similarity measure: Dice’s coefficient to
compare each new summary to the longest summary in the cluster. In case of similarity
(with respect to a threshold) the new summary is added to the cluster.
Finally, a representative summary is to be selected from each cluster. The aim at
this level is to decide which single summary will contribute to stand for the final
summary. In the case of a query-based summary, the representative summary is the one
having the most similarity with the concerned topic. For the generic summary, the
representative will be the one having the most occurrences of the common terms within
a cluster. The retained texts are then organized by placing the similar ones together. For
those depending on a query, the ones that are most similar to the query are placed on
top.
II.6.1.2

Mani and Bloedorn approach

Mani and Bloedorn [Mani & Bloedorn, 1999] elaborated a three stage multidocument summarization system. Given a pair of documents, a graph representation is
associated with each document (the system is limited to a corpus of only two
documents). Text items such as words and proper names are extracted from the
documents and are mapped as the nodes of the graphs.
The connection between different nodes represent specific relations between the
words. For instance, a node can have adjacency links (ADJ) to textually adjacent nodes,
SAME links to other instances of the same word (like single/plural forms of the same
concept) and other semantic links. The next step is the spreading activation. It exploits
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relationships between term instances to determine what is salient. The salience reflects
the relation of a node to a given topic. In fact, the nodes that are identical to the words
in the topic description are determined. Then, these nodes are taken as the next input
and the activation is propagated to the connected output nodes. This is done iteratively
till all the nodes in each graph are reached. The final step is the information fusion. In
effect, two sets of nodes are created and are relative to the common nodes and to
different ones between the two graphs. From these sets, the similarities and the
differences are detected. From these two groups, the scores are computed to pick out the
best common sentences and different ones between the two documents. The selected
sentence stands for the summary.
II.6.1.3

MMR-MD approach

Maximal Marginal Relevance Multi-Document (MMR-MD) [Goldstein et al.,
2000] uses passage clustering to choose passages with large coverage and to reduce

redundancy. MMR-MD takes as input a user query and the passages (these may be
phrases, sentences, n-sentence chunks, or paragraphs) retrieved from a set of
documents. The retained passages are those that are relevant to the user query according
to the cosine similarity measure and given a fixed cut-off. This multi-document
summarization system is based on the relevant novelty metric. The main idea of the
latter is that a text passage has high marginal relevance if it is both relevant to the query
and useful for a summary, while having minimal similarity to previously selected
passages. This metric is to be maximized (that’s why it is called Maximal Marginal
Relevance). This metric is computed for the passages so, only a subset of them is added
to the summary.
II.6.1.4

MEAD approach

The MEAD summarizer [Radev et al., 2000] takes as input a clustered
documents corpus. The clustering is performed using centroid-based clustering
techniques [Allan et al., 1998]. This system is an extractive multi-document summarizer
which chooses a subset of sentences from the original documents. While selecting
sentences from the already formed clusters, MEAD has to optimize two criteria;
namely, the Cluster-Based Sentence Utility (CBSU) and Cross-Sentence Informational
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Subsumption (CSIS). The CBSU criterion refers to the degree of relevance of a
particular sentence to the general topic of the entire cluster. For the CSIS criterion, it
reflects that sentences repeat some of the information present in other sentences and
may be omitted during summarization. According to the CBSU criterion, the degree of
relevance ranging from 0 to 10 is associated with the text sentences. A 0 value stands
for irrelevant sentence to a given cluster while a 10 marks an essential sentence. The
CSIS is used to filter the set of retained sentences in order to discard those that convey
almost the same thing. Hence, MEAD should ideally maximize CBSU and minimize
CSIS at the same time. Sentences are ranked by score and added to the summary until
the desired length is reached.
II.6.1.5

Mckeown et al. approach

Given a corpus of documents, the approach proposed by Mckeown et al.
[Mckeown et al., 1999] first groups the documents into clusters. This is achieved by using

the SimFinder clustering algorithm [Kathleen et al., 2001]. This algorithm forms
clusters of the sentences retrieved from the documents. The sentences are first runt
through a statistical phrase parser to identify the functional roles like subject or object.
Then, this information is passed on to a rule-based component, which constructs a
dependency grammar tree. These grammar representations are compared with each
other and if the intersection of two (sub) trees yields a full phrase, it is proposed for the
summary. This means that phrases that occur more than once are considered to bear
important information.
Finally, the FUF/SURGE [Elhadad & Robin, 1996] language generation component is
used to transform the phrases previously selected into sentences. These sentences are
the summary of the documents corpus.
II.6.1.6

GISTEXTER approach

The GISTEXTER approach described in [Harabagiu & Finley, 2002] takes as
input a collection of documents sharing the same topic. This summarization approach is
an application of Information Extraction (IE) since it uses information extracted from
the documents to generate a summary. In fact, GISTEXTER relies on the output of the
CICERO IE system. Indeed, the topic of the documents set may be already implemented
79

Chapter II. Text Processing

in the CICERO IE system or completely new. In the first case, given a template
representation, the slots composing the templates are filled using the CICERO IE. When
extracting the templates from the collection, the system maintains mappings from the
template slots to the text snippets containing information that fills the slots. These
snippets are to be introduced into the summary content. Whenever the topic is not
previously encoded in the CICERO IE system, GISTEXTER proceeds in a different
manner. It consists of generating in an ad-hoc fashion, first, a set of templates and
second, a set of extraction patterns which are rules that guide the CICERO IE system to
detect the relevant information. Once these two objectives are achieved, the system
behaves in the same way as with a known set of topics.

II.6.1.7

NEATS approach

NEATS multi-document summarization system [Lin & Hovy, 2002b] is
considered as a mixture of many techniques proved effective in single document
summarization such as: term frequency, sentence position, stigma words, and a
simplified version of MMR to select and filter the content. The input of the system is a
set of topic groups. First, the key concepts are identified in the collection of documents.
This is done by using likelihood ratio to compute unigram, bigram, and trigram
signatures [Kraaij et al., 2002]. The resulting signature is saved in a tree fashion and this
after removing words or phrases under a given threshold. A ranking of the sentences is
performed on the basis of the key concept structures. During the content filtering stage,
the top ten sentences are retained and the scores of the sentences containing stigma
words (time expressions; day names; sentences starting with conjunctions: but,
although) are reduced. An introductory sentence to each selected one is also added to
enforce cohesion and coherence. According to the simplified MMR criteria, a sentence
is added to the final summary if its content has β percent overlap with the already built
summary. Finally, and to ensure the chronological coherence, the time expressions are
mentioned explicitly in the text by indicating the effective dates.
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II.6.2 Concluding remarks for MDS

A thorough insight and inspection of the automatic MDS systems reveals that
this kind of text management is a hard and not straightforward task. This is due from
one hand to the fact that such field relies on the results of other text management
techniques. From another hand, this is due to the difficulty to define accurately the
objectives to reach behind standing for such systems. This stems from the multiple
criteria that a MDS system has to respect and which are inherently user dependent.
Indeed, the MDS approaches aim to obtain a trade-off between the prescribed set of
objectives with respect to the user requirements. Hence, one MDS may outperform the
others in reaching one target but not the others fixed objectives.
This investigation of MDS field was conducted because the semantic data
enrichment process we proposed can be assimilated to an MDS. Since, it takes as input
a set of documents related to the geographic entities under scrutiny and provides at one
of its stages a condensed view of the texts relative to each of the themes tackling the
entities. This is mainly achieved by relying on the analysis of the discourse structure
which allows to distinguish the importance of textual constructs and to decide which
units to keep and which ones to throw.
II.7

Conclusion

Given the exponential growth of online information, one of the primary
difficulty facing users is the information overload. Text management techniques strive
to provide users and managers with prominent solutions needed for text workflow
analysis. In this context, text segmentation, theme identification, discourse analysis and
multi-document summarization techniques among others have supported the researchers
and practitioners in different fields to maximize their profits by saving time and money
devoted to manage the increasing amount of information. Moreover, it is common to
combine these different techniques in the same workflow.
Based on the current study of different text management techniques, we will
show in the chapter 5 how to profit from the facilities they offer to develop our semantic
data enrichment approach.
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As already mentioned, the textual data to be managed are distributed among
different documents of the corpus. So, a distributed processing complying with the
multi-agent paradigm will be the best tailored to deal with the semantic data
enrichment. The essential principles of this paradigm are exposed in chapter 3.
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Chapter III

Multi-Agent Systems

III.1

Introduction

Artificial Intelligence (AI) is defined as intelligence exhibited by an artificial
entity by mitigating the human beings. In other words, it is the branch of computer
science concerned with making computers behave rationally like humans. Distributed
Artificial Intelligence (DAI) has existed as one subfield of AI that copes with division
of labour and interactions that emerge within a group of intelligent entities in a peculiar
domain. With the maturity of DAI new subfields have been emerged, one of which is
the Multi-Agent Systems (MAS). Such a DAI subfield deals with behaviour
management in collections of several agents.
In what follows, section 2 highlights the origins of MAS. The concept of agent is
discussed in section 3. Different agent architectures are exposed in section 4. Section 5
presents the multi-agent systems. The major MAS issues regarding mainly, the
organization models, the interaction and the communication are reported in section 6, 7
and 8, respectively.
III.2

From Artificial Intelligence to Multi-Agent Systems

Motivated by the need of increasing the computer systems capabilities, a large
number of researchers have long time ago worked towards injecting to computers some
kind of intelligence. Thus, much of endeavour was devoted to devise theories and
techniques which mimic the human being in his way of resolving rationally the
problems. So, systems were developed to cope with computational requirements for
tasks like perception, reasoning, and learning. The branch of computer science
addressing all these issues is the Artificial intelligence (AI) [Stone & Veloso, 1997].
AI had made significant progress, by the middle of 1970’s, in diverse fields
pursuing a spectrum of scientific goals. One illustration that evidences the AI benefits is
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a self-steering car for more than 95% of the way across the United States using the
ALVINN system [Stone & Veloso, 1997].
With the maturity of this research field, AI has gone beyond understanding and
studying the intelligent reasoning and behaviours of a single entity, to focus on how a
group of entities exhibiting such features can cohabit in the same system. This line of
research has led to the emergence of a subfield of AI which is the Distributed Artificial
Intelligence (DAI). The latter was boosted essentially by the distributed computing
enabling more than one processor to work on a computing problem.
Given the same example above were each car is considered individually, the DAI is
concerned with the situation were a group of cars is observed. Hence, it is important for
instance to manage a situation where this group meet on the highway to know how the
cars’ behaviours interact.
With extensive advances in the DAI field, many subfields have emerged to
address many preoccupations that emulate the human societies in the way they are
structured and ruled to ensure a living state. Specially, DAI researchers have paid
attention to the behaviour management. This has given rise to the multi-agent systems
(MAS) as one subfield of DAI [Vlassis, 2007]. Merely defined, MAS is the label
commonly used to refer to the behaviour coordination or behaviour management among
interacting autonomous agents. Figure III.1 adapted from [Stone & Veloso, 1997] is an
illustration of the overlapping between computer science branches described above.
Distributed
Computing (DC)

DAI

Artificial
Intelligence (AI)

Distributed
Artificial
Intelligence
One subfield
Multi-Agent systems (MAS)
Figure III.1: The MAS origins
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Obviously, the fundamental concept in MAS is the agent. In what follows, we
put the emphasis on this concept.
III.3

The agent concept

Emerged many years ago, the agent concept has never made a consensus
amongst the AI researchers community. This is attributed mainly to the widespread and
diversity of the disciplines and fields where this concept is considered useful.
Several researchers have proposed definitions for agents, we retain the following
[Ferber, 1997] : “An agent is an abstract or physical autonomous entity which performs
a given task using information gleaned from its environment to act in a suitable manner
so as to complete the task successfully. The agent should be able to adapt itself based on
changes occurring in its environment, so that a change in circumstances will still yield
the intended result”.
It stems from this definition that every entity which perceives by relying on
sensors and acts upon its environment through effectors can be called an agent (figure
III.2). Besides, it is common to call an agent an intelligent agent [Russell, 1995] since
this concept is issued from the AI field and it is expected to behave rationally to resolve
the problems. To do so, an agent has to learn through perception to evolve its
knowledge and accordingly its problem solving skills. One example is a robotic agent
using camera as sensors and various motors as effectors. Obviously, at the top level we
find the human being which uses all the natural sensors to intercept every thing in it
environment while he uses his brain and other body parts as effectors. Indeed,
depending on the degree of link between the perceptions and the actions, different
architectures of agents have been defined (see the forthcoming section).
An agent may be characterized by all or some of the following properties:
♦ Autonomy: refers to self-starting behaviour. That is, agents operate without the
direct intervention of humans or others, and have some kind of control over their
actions and their internal states.
♦ Social ability: refers to the collaborative behaviour. This is reached through the
ability to work with other agents to achieve a common goal. In other words, agents
interact or communicate with each other.
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♦ Reactivity: refers to the ability to sense and act. Agents perceive their environment
(which may be the physical world, a collection of other agents, Internet, or
perhaps all of these combined…), and respond in a timely fashion to changes that
occur in it.
♦ Pro-activity: refers to the goal-directed behaviour exhibited by the agents. Agents
do not simply act in response to their environment; they are able to take the
initiative. This pro-activeness makes the agent able for example to decide as to
how such a task is best split up into smaller sub-tasks and in which order and way
the sub-tasks are best performed.
♦ Temporal continuity: refers to the persistence of identity and state over long
periods of time.
♦ Mobility: refers to the ability to migrate in a self-directed way from one host
platform to another, retaining its current state.
♦ Adaptivity: refers to the ability to learn and improve with experience.

Environnent
Perceptions

Actions

Agent

Sensors

Effectors
-Knowledge
-Goals
:

:
Figure III.2: An illustration of the agent concept in MAS

III.4

Agent architectures

Roughly, the architectures of intelligent agents [Sallantin, 1997; Weiss, 1999;
Russell, 1995] fall into two categories: the reactive agents and the cognitive ones. A
combination of reactive and cognitive behaviour stands for the hybrid architectures.
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III.4.1 Reactive agents

The reactive agents are simple processing units that act by stimulus-response to
the current state of the environment. A reactive agent general behaviour consists in
merely acquiring perceptions and reacting in response by applying a predefined set of
rules. Such agents do not have a clear representation of the world and do not use
complex reasoning. So no deliberation, no planning is accomplished which ensure a fast
reacting. Systems adopting this kind of agents may emulate a considerable number of
human being behaviours. It is not scarce for a human to react spontaneously without
reflecting. For instance, a reaction of a human who has put his hand on an extremely
hot-plate consists in taking back his hand without any thinking effort.
The advocates of reactive agent systems claim that intelligence is entailed from
the interaction among different entities and their environment. Then, complex patterns
of behaviour stem from the distribution and cooperative behaviour rather than being
exhibited as a property of a unique entity.
The simplest design of the reactive agents is the one which consists in a set of ifthen rules governing the reactive agent’s behaviour. One illustration of such a rule is: if
a ditch on the road then escape it, encoding the perception of a ditch on the road and the
reaction of escaping to be performed.
An agent exhibiting such architecture is commonly called simple reflex agent.
Standing for such architecture, stipulates that each situation that may occur has to be
accounted for in advance in terms of reactions to undertake. As matter of fact, a robust
system has to predict all the situations and the corresponding reactions. This ensures a
fast behaviour through reflex reactions.
Nevertheless, some constraints feature such class of agents. This is observed
basically during the rules encoding which is a tedious labour, costly and concretely not
possible to foresee all the situations especially in complex environments. Missing some
rules that can potentially deal with some happening events may entail dramatic damage.
By the way, a long-term reasoning is not privileged by such non flexible agents, as the
situations may be altered from the encoding time.
A more elaborate reactive agent design would account for the past by keeping
track of its anterior events perceptions. For the sake of illustration, we consider the
same example above where a bit time after the agent has detected the ditch, a car has
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hidden it. By adopting the simple reasoning above the agent will wrongly deduce that
there is no such a ditch since at the time of perception he captured nothing. This leads to
claim that the same perceptual input may refer to significantly different realities. To
cope with similar situations, the reactive agents have to maintain internal information
state regarding the real world state. By doing so, the agent will be able to distinguish the
case where there is no ditch and a hidden one even though they are associated to the
same perception.
Obviously, such internal states are not worth informing without a following of
an eventual evolvement. This needs some auxiliary information concerning how the
world evolves independently of the agent, and how agent’s own actions affect its
environment. By referring to the same example and for the world evolvement matter it
is crucial for the agent to know that when raining it is likely that the ditch will be filled
with water catching the level of the road as if it doesn’t exist. In what concerns the
agent behaviour, the agent has to realise that the positions relative to all its surrounding
things are relative to its position (for instance being at the extreme left side of the street
for a ditch lying on the right side of the road will alter the ditch features).
Figure III.3 is an illustration adapted from [Russell, 1995] for the simple reflex
agents and the ones that keep track of the world. In the illustration the different aspects
highlighted by the dotted square are only observed in reactive architecture keeping track
of the world.
Sensors
State

Environment

How the world evolves

What the world is
like now

What my actions do

Condition-action rules

Agent

What action I should
do now

Effectors

Figure III.3: A sketch of reactive agents
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III.4.2 Cognitive agents

Unlike the reactive agents which perform their actions by referring to some
rules, the cognitive ones announce a deliberation towards the action to choose. This can
be materialised by resting on some target to reach or an utility function score.
The agents described in the last section execute actions which are the results of
their knowledge of the current state of their environments. Generally, this is not enough.
In many situations the actions to execute are closely tied to both the sate of the
environment and the goal to pursue. Then, a cognitive agent has to take into account the
repercussion of its actions and its objectives to determine the adequate action. This is
straightforward whether only one action may lead to the announced objective. A
complicated situation would be characterized by a complex sequence of actions. Then,
planification techniques have to be devoted to track the actions sequence to perform in
order to reach the deliberated objective.
It is clear that these cognitive agents would take more time in action since they
rely on some reasoning contrarily to the reactive agents. The reasoning may be
expressed by a set of evaluations like what would happen when I perform this action?
Would I be satisfied whether this happens?.
A more concrete and cumbersome situation is to choose one way from many
alternatives which all of them make the agent achieve the fixed goal. Nevertheless, each
alternative entails different side effects. For the sake of clarity, if we consider the
famous travelling salesman problem where the intended objective is to get to some
place. The salesman is faced with many ways that are potential candidates, whereas
each one results in different distance value. The salesman will undoubtly select the
shortest way.
To be able to choose the adequate action to perform, a mapping is established
between each potential action and a value reflecting the endured profit or cost. By doing
so, the agent may perform some ordering of the actions and make a preference to one of
them accordingly.
This reasoning is perfect whether the pursued goal is unique. This never holds
once many conflicting goals are to be achieved. Then, the utility function will operate
some trade-off between the fixed goals so the agent chooses the scenario that maximise
the utility value. By referring to the example of travelling salesman problem, the
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salesman while choosing the appropriate path, may take into account two factors: the
distance and the safety. Hence, a weigh will be attributed to each one of these criteria to
make the rational decision.
The general structure of both utility-based and goal-based agent is the same as
the reactive architecture keeping track of the world but which is augmented by an utility
function or just goals.
Another class of cognitive agents which has been extensively highlighted, is the
one commonly designated under the acronym BDI. BDI stands for Belief-desireintention agents. Beliefs are the information maintained by the agent about the current
state of its environment. Desires represent what the agent would like to see achieved.
Intentions represent the goals; the agent is committed to do. The BDI addresses all the
issues relative to representation, updating, and processing of the agent beliefs, desires,
and intentions.
III.4.3 Hybrid architecture

In the two sections above, we have highlighted the reactive and cognitive agents
which stem from a strict discrimination of the agents actions. In real world, no such
boundary exists among the two architectures. For instance, the behaviour of a human
being can neither be emulated by an absolute reactive architecture nor an absolute
cognitive one. When acting, the human exhibits according to the situation, a reflexive
reaction or a cognitive one resulting from reflexion.
Then, the hybrid architecture was imposed as a solution to conciliate the reactive
and the cognitive aspects. This is materialized by a set of software layers which are
arranged either horizontally or vertically [Weiss, 1999].
In horizontal configuration (figure III.4 (a)), each layer is bounded to sensory
input and action output. Then, each layer acts like an agent. Although it is attracting by
the conceptual simplicity, the horizontally layered architecture implies control
mechanisms to decide which action to take at a given time. That is, to decide about the
layer that has the control of the agent.
A vertically layered architecture was proposed to bypass the layers activation
matter. Really, there are two instances of such architecture: the one pass architecture
(figure III.4 (c)) and the two pass architecture (figure III.4 (b)).
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With the one pass, the information flows from the bottom layer to the top one
which generates the output system. A more elaborate vertical architecture is the two
pass where each layer is to be connected to both sensory input and action output.
Independently of its type, the vertically layered architecture is flexible since the
decision is based on a multi-layer control. However, it is not fault tolerant because one
layer damage will have serious impact on the agent performance.
Regardless of the layer arrangement, the most commonly used structure is the
hybrid three layers architecture. In this context, each layer deals with information
captured from the environment with different abstraction levels. Generally, at the lower
level there exists a purely reactive layer implementing a reactive behaviour based on
raw data captured from the current world state. The layer in the middle goes beyond the
environmental perceptions to add some cognitive aspects. The higher layer considers
the social aspect of the environment. Thus, at this level information about other agents
are considered and which concern mainly their goals, beliefs. Agent behaviour emerges
from the interaction of the different aspects reported by the three layers.

Figure III.4: The hybrid architectures

III.5

Multi-agent systems

Multi-agent system (MAS) [Briot & Demazeau, 2001; Durfee, 1994] has
emerged as one of the most important research area and development in information
technology in the 1990’s. A MAS is a system composed of a population of autonomous
agents behaving as problem-solver entities. These entities interact with each other to
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reach common objectives, while simultaneously each agent pursues individual
objectives.
In MAS context, the problems to be resolved are beyond the individual
capabilities or knowledge of each entity. Thus, several agents inhabit a world with no
global control or globally consistent knowledge. Generally, the world of resources
standing for the environment, the agents perceive, is a dynamic, unpredictable and open
environment [Keil & Goldin, 2005]. The term environment is hereby used in a very
broad sense and may cover physical environments for robotic agents as well as runtime
environments for software agents and so on.
Multi-agent systems are gaining more and more ground on the development of
complex applications (i.e., large, distributed, open, heterogeneous, and dynamic). MAS
applications cover a variety of domains, including, aircraft maintenance, military
logistics planning, financial portfolio management and so forth.
Even though appealing, multi-agent systems have to be used with certain
awareness about the vantage they offer over other alternatives. This leads to address the
question: When should multi-agent systems be used?.
A multi-agent approach is an attempt to solve problems that are inherently
distributed either physically (geographically) or logically [Costea et al., 2007; Bonnefoy
et al., 2007] where independent processes can be clearly distinguished. It is the best
tailored modelling solution for integrating and coordinating heterogeneous systems
within a distributed environment. Furthermore, MAS approaches are perceived as
solutions for complex problems requiring the services of multiple agents with diverse
capabilities and needs. That is, solving problems that are too large for centralized single
agent, due to resource limitations or the sheer risk of having a centralized system.
MAS can be used to solve complex problems, where different agents are
working with each other within heterogeneous environments. The issue is then to
address the coordination among the different problem solvers to provide increasing
system reliability. Industrial environments are promising fields to MAS technology. The
latter offers for instance a support to manufacturers who participate in the production of
one product. Each manufacturer produces one part that when combined with the other
parts produced by another manufacturer give rise to the final product. To reap the
benefits from this collaboration, a single system has to be built up to insure a high
cooperation level while preserving the companies’ autonomy and dependency. Hence,
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each manufacturer has to set up his agents with a clear representation of their goals.
Combined together, these agents will simultaneously carry out the production which
increases the productivity and ensure an amendment of the efficiency since each agent
is specialized in a peculiar activity.
Another potential application of MAS is found in the fields or problems where a
set of entities (machines, humans, activities…) share resources (material or immaterial)
within the same environment. The deliberated objective is to increase the outcome of
each entity meanwhile to work towards a global increase of the overall system profit.
One illustration of this aspect is the scheduling problem [Rzevski & Skobelev, 2007]
where many entities are competing to shared limited resources.
Furthermore, the decentralisation promotes a MAS problem solving.
Decentralisation refers to a situation where information, resources and agent capacities
are distributed among the agents of the system. Hence, an agent cannot perform alone
all the system tasks. One vital MAS application is the congestion control problem. In
such a context, the aim is to control different aspects of traffic entry into a network
either in the telecommunications, urban, air traffic and so on. Regardless of the
concerned field, the networks are distributed geographically fostering a decentralized
modelling. Without this distribution the system will loose in scalability and reliability.
One modelling of such a problem consists of using a set of agents controlling different
network nodes (switch). These agents through their sensors perceive the current state of
their environment (network) which allows a time-full reaction. The system agents
communicate to exchange valuable information they know about the traffic flow. The
cumulative amount of knowledge makes the agent able to take strategic decisions that
may affect the overall system efficiency.
Even though no aspect of distribution is observed, there may be many rational
reasons behind the choice of a MAS modelling. Problem exhibiting fast-growing
complexity needs to be broken down into components which in turn will be assigned to
different agents to satisfy the overall system requirements. This is advantageous since it
allows a parallel computation leading to a system speed up. This is a preponderant
solution if a time constraint is imposed. A MAS modelling is also beneficial to avoid
the crash of the entire system which inevitably to occur if a centralized design is
adopted.
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As a matter of fact, independently of the real world problem, MAS is an
appropriate choice seen the benefits it reports even from a programmer’s perspective.
Compiling with the MAS framework principles while modelling a given problem may
results at least in the following benefits:
♦ A modularity ensuring an ease system implementation. This allows a more
straightforward reusability and maintenance in such systems more than in
monolithic ones.
♦ A speedup and efficiency due essentially to the parallel and asynchronous
computation. Indeed, many agents are involved in resolving the problem
simultaneously and interacting generally in asynchronous fashion.
♦ A robustness, observed essentially when some agents are damaged. A MAS
tolerates deficiency of some agents which never disturb the entire system as in
centralized architecture.
♦ A flexibility which is based on the ability to respond to dynamic situations that
may take place within the environment. The adaptation process to the changing
environment is much more flexible in such systems.
♦ A low cost entailed essentially from the abovementioned features, that a MAS
modelling exhibits.
The proliferation of potential candidate fields to a MAS modelling has rised
many challenging issues that are capital to setup a reliable system using this framework.
Then, the designer of a MAS model needs to make various choices dealing with:
problem decomposition, task agent assignment, protocol for resource sharing and
conflict resolution, knowledge representation and so on. In what follows, we present
some issues concerning mainly; how the community of agents is organized, how the
agents interact and communicate with each other.
III.6

Multi-agent systems organizations

Before dealing with different MAS organizations frameworks, we define the
term organization. We report the definition of Sycara [Sycara, 1998] which is stated as
follows: “An organization provides a framework for agent interactions through the
definition of roles, behaviour expectations and authority relations”.
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The literature has revealed many organization models ranging the simple to the
highly elaborate ones. In what follows we expose the more elaborated organization
models.
The hierarchical organisation refers to a situation where the authority is
maintained by a single problem solver in a master/slave fashion. A centralization of the
decisions and the control is situated at the level of the master. Decisions concern mainly
the task affectation to slaves. Then, the communication flows vertically from the master
down to the slaves.
One way to decentralize this hierarchy is to replicate it at different levels. Each level is a
division presenting a minimized society of one master and its associated slaves. This
organization model is well tailored to closed systems and cooperative ones.
The market organisation materializes a decentralized organization. It is best
tailored to open systems. It promotes certain level of competition amongst selfish agents
for tasks and resources. One illustration of such a model is a set of producers and buyers
competing to, produce and to buy what is produced, respectively. A mutual adjustment
of prices would be a conciliation solution to the competitive aspect. This organization
entails a high communication overhead.
The experts community organization refers to a situation where the agents are
specialized and exhibit certain autonomy towards problem solving. System coherence is
reachable by mutual adjustment of different expert solutions.
The scientific community organization models a group of problem solvers
cohabiting in a community. Then, each group suggests a problem solution. This solution
is then after communicated to other solvers for eventual refinement.
III.7

Interaction

Interaction [Kok & Wee, 1998] is one of the most important features of an agent.
In multi-agent systems, agents interact recurrently to share information and to perform
tasks to achieve their goals. The interactions are achieved by means of coordination.
Coordination is essential to enable groups of agents to solve problems effectively.
Coordination is also required due to the constraints of bounded resources and time. In a
multi-agent system, agents have their own plans, intentions and knowledge, and are
willing to solve their own local goals. Whereas, for the global goal of the system they
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need coordination mechanisms to solve the conflicts that may arise due to limited
resources or to the opposite intentions, the agents might have. Hence, coordination is a
process by which the agents engage in order to ensure that the multi-agent system acts
in a coherent manner.
III.7.1 Coordination

Coordination [Doran et al., 1997] is what fills the gap between autonomously
acting agents and the problems they are collectively solving. Two manifestations of
coordination play important roles in distributed computing: competition and
cooperation. Coordination may imply cooperation, so the agents work towards common
goals to be achieved. It may imply competition, where the agents have divergent or
even antagonistic goals. Coordination allows agents to tune their actions and
interactions to those of other agents, increasing the overall problem solving capability of
a multi-agent system.
In what follows, the different forms of coordination are discussed.
III.7.1.1

Cooperation

Cooperation is the coordination among non-antagonistic agents. In a cooperative
environment, the goals of agents are compatible and the chances of one of the agents
surviving are enhanced by the other agents. In a cooperative community, agents have
usually individual capabilities which, combined, will lead to solving the entire problem.
Cooperation is necessary due to complementary abilities, to the interdependency
that exists among agent actions and to the necessity to satisfy some global restrictions or
criteria of success. That is, in a cooperative environment, the agents are collectively
motivated or collectively interested; therefore they are working to achieve a common
goal.
Cooperation is commonly achieved though planning. With the multi-agent
planning approach to coordination, agents usually form a plan which specifies all their
future actions and interactions with respect to achieving a particular objective.
Cooperation through planning allows then, to work together under tight rules to solve
problems that are beyond their individual capabilities.
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III.7.1.2

Competition

Competition is coordination among competitive or self-interested agents. When
coordinating activities in a competitive environment, conflicts may arise and one basic
way to solve these conflicts is the negotiation. In fact, to coordinate their activities, self
motivated agents may have to negotiate in order to reach mutually acceptable
agreements in order to resolve conflicts. Conflicts may arise due to limited resources or
to the opposite intentions that agents might have. Generally, while negotiating, an agent
makes a proposal that will be commented (refined, criticized or refuted) by other agents.
Several negotiation approaches have been proposed, but the most famous one is the
Contract Net Protocol (CNP) [Yang et al, 1998]. In such a model, a central agent
(known as a manager) decomposes the problem into sub-problems, announces the subproblems to the other agents (called contractors) of the system, requests bids from
agents that could perform any of these tasks and finally collects their propositions to
solve the sub-problems. The term contract in CNP refers to a set of tasks to be
accomplished. The contracts are awarded by evaluating the bids.
III.8

Communication

Agents communicate to achieve better their goals or the ones of the society in
which they exist. Interaction among agents in MAS is mainly realized by means of
communication. Communication may vary from simple forms to sophisticated ones, as
the one based on speech act theory. Broadly we distinguish the following forms of
communications: message passing, speech act theory, and blackboard.
III.8.1 Message Passing

In message passing approach, agents communicate and share data by sending
messages back and forth. This is a form of communication that is restricted to simple
signals, with fixed interpretations. That is, if interaction among agents is performed by
means of message passing, each agent must be able to deduce the intention of the sender
regarding the sent message. This kind of communication may be accomplished in a
direct of indirect fashion.

97

Chapter III. Multi-Agent Systems

One form of direct communication is point-to-point message passing (called also
peer-to-peer communication). The agents know where the message is being sent to.
Another form of direct communication is the broadcast message passing. The messages
are diffused to all the agents without worrying about the identifiers of the receivers.
For the indirect communication, the main idea is to organize agents into groups.
This is known as multi-cast message passing or federated systems. In this approach,
agents do not communicate directly with each other but instead talks to a facilitator
assigned to each group.
III.8.2 Speech act theory

When people communicate, they perform more than just exchanging messages
with a specified syntax and a given protocol. Therefore, a more elaborate type of
communication was proposed. It is based on the speech act theory which considers
communication as action. In this approach, interactions among agents take place at least
at two levels: one corresponding to the informational content of the message and the
other corresponding to the intention of the communicated message. In a speech act,
there is a distinction between the locutionary act (refers to uttering of words and
sentences with a meaning), the illocutionary act (relative to the utterance intent, e.g.,
request, inform, order, etc.), and the prelocutionary act (refers to the utterance desired
result, e.g., convince, insult, make do, etc.). One of the best known examples of
interaction language based on speech act theory is the KQML (Knowledge Query and
Manipulation Language) [Finin et al., 1994].
III.8.3 Blackboard

In the blackboard approach, all the communication occurs through a global
shared memory structure called the blackboard. Agents use available information
without knowing their origins and produce information without worrying about its
destination. A blackboard is a shared resource, usually divided into several areas,
according to different types of knowledge or different levels of abstraction in the
problem solving. Agents post into that data space any data that might be of interest to
the other agents or the external world. Hence, the system agents may read or write
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relevant information for their actions. While accessing to the blackboard, many conflicts
may arise, hence a control mechanism is established to cope with such situations.
III.9

Conclusion

In these last years, multi-agent systems have been the major focus of research in
DAI. This is due especially to the fact that organizations and society in general can be
considered as examples of multi-agent systems. Indeed, multi-agent systems form a
vital branch of computer science dealing with intelligent behaviour.
While greatest advances have occurred in the MAS field by being increasingly
used in several domains, currently, no computer system exhibits full artificial
intelligence by being able to simulate accurately human behaviour.
By coming across different aspects of the multi-agent systems, this chapter
clinches the first part relative to the review of the literature. This study will be followed
by a new part dedicated to the presentation of our approach conceived to enrich
semantically the GDB.
Based on all the concepts exhibited along through this chapter, we have
proposed a multi-agent modelling of our data enrichment approach. The latter is a
potential candidate to the distributed processing since the information we are managing
are inherently distributed among different documents related to the geographic entity
under scrutiny. The distributed modelling of our approach is detailed in the chapter 4.
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IV.1

Introduction

As we are aware of the added value of the geo-referenced data, geographic
information systems (GIS) are becoming increasingly used in the last few decades. As a
support decision system, a GIS and more precisely its analytical component depends
heavily on the availability, the relevancy and the scope of the data stored in its
geographic database (GDB). Indeed, such a GDB is like any conventional database as it
stores abstraction of real world entities features in terms of data type (integer, string,
spatial…) observed at a given time. Besides, these data reflect one side of the handled
situation or one aspect of the entity or the activity under study.
Nevertheless, a wide range of problems involve a stream of combined
heterogeneous dataset. Besides, they do not require only data abstraction but more
expressive information conveyed by meaningful texts about the current situation. To
cope with this matter, data enrichment processes have been elaborated to complement
the data stored in the GDB. In this context, and in order to propose complementary data
sources empowering the informational and the decisional GIS capabilities, we propose a
semantic data enrichment process. The latter, operates on textual documents to extract
the relevant information to enrich the semantic aspect of the GDB.
This chapter is organized as follows. The second section states the problem to be
tackled, namely, the semantic data enrichment. Section 3, exhibits the system
architecture we propose to deal with the semantic data enrichment. A multi-agent
modelling is presented in section 4. We report mainly the agent architecture, the
organization to adopt for the whole society of agents, the interaction mechanisms, and
finally the retained agent structure. Section 5 is dedicated to the agents’ dynamics.
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Hence, in the associated subsections we deal with the behaviour of each class of agent
in turn.
IV.2

Problem statement

A GIS application is basically built around a GDB. A GDB content has then a
strong impact on the overall GIS capabilities. Mainly, the soundness of the decisions to
make depends closely upon the data stored into the GDB. Besides, as already argued 9:
"The application of GIS is limited only by the imagination of those who use it".
Indeed, a GDB is like any conventional database in the way it stores the entities’
features (natural or man-made objects, phenomena, activities…) in abstracted fashion.
The abstraction is materialized by a set of attributes of different data types (statistical,
textual, spatial…). Moreover, the stored data are generally restricted to one side of the
entity subject of the study.
A GDB can also exhibit other deficiencies that are commonly shared with other
databases. It can suffer from the completeness matter, which is generally a sign of the
non-existence of some information. The data modelling is another crucial factor that can
influence the informational richness of the GDB: The GDB schema can be marked by
some missing fields which are relative to some features of the geographic entity useful
to the decision-making. Another case not less important is the datation: The database
consistency can be affected either because the information stored in the GDB are
obsolete or even the geographic entity itself has undergone some alterations which are
not reflected by the current data state.
Apart from these weaknesses that can shape a GDB and that may be harmful to
good decisions, many situations or applications may require data beyond the stored
data.
For instance, for a GIS application dealing with a geo-referenced disease to keep
track of its wide spread, a non trivial set of data has to be stored and managed.
Essentially, it deals with different information about the surrounding environment of the
localized places where the disease has been depicted. These information may be related
to the kind of the land use (inhabited, manufacturing zone…), the social situation of the
citizens (e.g. poverty level), the cultural level as a crucial indicator of the awareness
degree towards such situations, for the rural zones it may be worth informing to know
9

By Jack Dangermond, a President of a private GIS software company.
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how the inhabitants behave with the animals; what kind of food habits, the water
sources and pollution state and so on. All these data and more have to be taken into
account and a great part of them is no way to describe accurately without meaningful
textual data to best describe the living situation. Evidently, all these data have to be upto-date to reflect any change or alteration of the entities features.
For a historian interested to historical events related to some locations, the GDB
would be unsatisfactory. Indeed, he can’t find all the events and the associated
information, which have occurred at a given location. A GDB is not able to cope with
the huge amount of data concerning events over last decades or centuries. This needs
other data sources like electronic libraries.
Another potential illustration of the informational requirement in the context of
GIS, is a company looking to site a new business while taking advantage of a previously
underserved market. To make the optimal decision, the manager needs a panoply of
information concerning social (living style, advertisement habits...) and economic
information, public transportation about the neighbourhood of the designed business
site, and so on.
To name but a few, all these scenarios which are likely to occur, have urged
researchers to find and elaborate new means to acquire complementary data to be added
and to enrich what is already stored in the GDB. Bearing on the enriched data, one can
reach the already missed data, not predicted data and updated ones. Enriching databases
is then as urgent as the proliferation of the GIS applications and the diversity of the GIS
user requirements.
A data enrichment system will mine other sources to acquire new information to
support decision makers. With the proliferation of electronic textual documents and the
maturity of text management techniques, it is now possible to access to valuable, timely
information and exhaustively dealing with different facets of the entities under scrutiny.
In this context, we propose a semantic data enrichment approach to satisfy the
user requirements by operating a marriage between the GIS and the text management
systems.
IV.3

The architecture of our semantic data enrichment approach

In the context of data enrichment, the approach [Mahmoudi & Faïz, 2006c; Faïz
& Mahmoudi, 2005b] we propose relies basically on information harvested from
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electronic textual documents. To be able to cope with these large collections of
unstructured documents, we propose a pipelined system which incorporates a set of text
management stages to pick out the essential of information. The motivation
underpinning this reasoning is the fact that just supplying the retrieved amount of
documents or even text extracts in their raw state will make the user overwhelmed with
the embedded material.
The backbone of our proposal is a distributed text processing providing the GIS
users with additional condensed information retrieved from textual documents. Our data
enrichment system is basically a four stage process. It relies on the following essential
modules ranging from text segmentation, thematic identification, delegation10 to text
filtering. These mandatory steps are likely to be followed by an eventual refinement of
the data enrichment results.
In fact, our data enrichment process is triggered by a GIS user who has already
solicited the GDB about some geographic entities and who fails to obtain information
satisfying his requirements. By launching our data enrichment system, a corpus of
textual documents relative to the geographic entity (ies) under test is fed into it.
Obviously, these documents could be retrieved in an on-line or off-line fashion. At this
level, the user is in front of a flow of unstructured data that he has to manage in such a
way to locate the response to his enquiry. To reach this target, the user has to sift all the
documents of the corpus. This is prohibitively an infeasible task in a reasonable time.
To circumvent this difficulty, we propose means that can locate the essence of
information in a timely fashion and with less human commitments. The essence of our
proposal is to first locate text fragments from the documents which stand for the same
thematic and second to extract the gist of each thematic apart. The user who was at first
sight urged to read and then to infer what respond to his enquiry, using our process he
will be oriented directly to the main corpus fragments subordinated with a concise
representation of each of them. Henceforth, the task of the user is merely to access to
the results and to maintain what he judges to be satisfactory.
Concretely, the corpus of documents is first passed through a segmentation
module. A segmentation process takes as input a text and returns the different passages
encompassing it. These passages are discriminated in terms of thematic homogeneity.
An accurate segmentation is expected to fragment the text into thematically dissimilar
10

While the delegation is one of the basic stages, its description is deferred latter on in the chapter
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spans. The motivation behind this processing is that the user naturally begins by
locating the text fragments then he copes with their contents.
By delimiting these text boundaries, the system scans the resulting fragments for
a thematic identification. The aim is to attribute to each fragment already located a
label; the associated topic. We do so, because the fragments dealing with similar topics
are scattered amongst different documents of the corpus. Hence, we look to gather them
to have all kinds of information relative to a given topic. Stemming from this topic
annotation the creation of what we call generated documents. By opposition to the
native document obtained from a retrieval session, a generated document results from
the gathering of different text fragments which are relative to the same topic. By the
way, the subsequent text management stages will be operated on these generated
documents instead of the original ones.
As mentioned above, in order to alleviate the user from mental efforts, we
proceed to the condensation of each generated document. This allows the user to catch
rapidly the main information conveyed by the documents. Indeed, we extract the most
representative text spans conveying the main ideas of the whole generated document
while we discard all subsidiary text excerpts that do not contain any relevant
information.
In fact, while the reasoning underlying our semantic data enrichment approach is
consistently grounded there is no warranty to reach the relevant information regarding
the user query. Indeed, our system operates on unstructured data so no deterministic
procedure leading to an exact solution exists. Thus, once a user judges that the resulting
data enrichment results are not satisfactory enough he can proceed to a refinement step
[Mahmoudi & Faïz, 2006b]. The aim is to best locate the geographic entity at hand to
describe it in an accurate way to enhance the chance to reach the valuable information.
By locating accurately the geographic entity under scrutiny, the user can launch again
the data enrichment system.
The final output of this overall staged data enrichment process is then a set of
topics to which we associate the corresponding abridged texts issued from the mining of
the documents relative to the geographic entity (ies) subject of the user query.
The overall architecture of our approach is sketched in figure IV.1. The latter,
reports all the stages in a numbered fashion. The overall processing flows from a user
inquiry (1) soliciting the GDB content (2) and who feels unsatisfied by receiving the
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response (3) to triggering the semantic data enrichment process over all its basic stages
(from 4 to 9). Besides these basic stages, a further step (10) may be performed, it deals
with the results refinement.
By observing the main issues of our pipelined architecture that is the system
input and output, we notice that our proposal can be assimilated to a multi-document
summarization system. We recall that such a system aims to produce a concise
representation of a corpus of documents. Although our system and the multi-document
summarization systems share the same objective, ours can’t be classified neither as a
generic nor a query based system. It is in between, it provides a general representation
of the main ideas discussed along through the documents corpus, which are arranged in
terms of automatically generated topics.
In the sequel, we pursue the representation of our system by putting the
emphasis on the modelling issue relative to our data enrichment processing. This
modelling complies with the multi-agent framework.
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Figure IV.1: The architecture of our data enrichment approach

IV.4

The proposed multi-agent model

As abovementioned, our approach aims to broaden the amount of semantic
information provided by a GIS system. This is achieved through the extraction of an
abridged view of the information relative to the topics tackled within a set of documents
describing the geographic entities under scrutiny. The input of the system is then a

107

Chapter IV. Our semantic data enrichment approach: From the modelling perspective

corpus of documents related to the geographic entity or to the zone under test. Handling
this huge amount of data in a centralized fashion is burdensome and a time wasting task.
As stipulated in chapter III, the problem solving in a distributed fashion is the best
tailored alternative when the system at hand exhibits some kind of distribution. In our
context, the information we are looking for are distributed among different documents.
To cope with this distribution we propose a multi-agent modelling [Mahmoudi
& Faïz, 2009b; Faïz & Mahmoudi, 2005a]. From this point of view, the problem is
considered as inherently distributed whenever we assume that each document is an
agent, working towards its own satisfaction meanwhile contributing to reach a global
satisfaction state.
The self oriented goal is materialized by the generation of a concise
representation of the texts relative to the topics under the jurisdiction of the agent. These
topics are hopefully the topics tackled within the document, the agent is representing.
Nevertheless, we adopt a more flexible reasoning, where the agent may deal with other
topics that it doesn’t discuss in its document.
For the system satisfaction, it is reached once all the agents have already
reached a self satisfaction. In other words, by holding all the abridged texts relative to
all the topics depicted from the corpus of documents, the overall data enrichment
process is over.
The society of agents we adopt, shelters three classes of agents: an Interface
agent (Iag), Geographic agents (Gag) and Task agents (Tag).
Before proceeding to a detailed description of these agents’ classes, we have to
decide upon the main issues addressed usually by adopting a multi-agent problem
modelling. These issues are mainly the following: the agent architecture, the MAS
organization, and the system interaction and communication design.
IV.4.1 Agent architecture

To set up our distributed data enrichment system, we make use of reactive
agents. The general behaviour of such agents obeys to a stimulus-response fashion.
Such behaviour is a matching of a set of conditions with a set of pre-established
reactions in the form of algorithmic processes. The pairwise condition-reactions stand
for the set of rules governing the agent behaviour.
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Indeed, the fulfilment of some conditions is a stimulus towards triggering some
reactions in response. Concretely, a stimulus could take one of the following forms:
♦ A message received from the other agents as a solicitation to provide a service
needed to accomplish a given treatment.
♦ The fulfilment of certain conditions which could be merely the current
processing accomplishment.
♦ The reception of some data from the other agents or even the GIS user.
Concerning the reactions, they correspond to a set of processing to be executed
in response to a stimulus. These reactions are closely tied to the class of agent (Tag
agent, Iag agent, or Gag agent) and to the current stage within the data enrichment
workflow. In a coarse-grained way, a reaction is one of the main processing stages: text
segmentation, thematic identification, delegation, and text filtering. In a fine-grained
way, a reaction could be merely any elementary processing that serves to carry out a
basic processing. This may be a text exchange among the agents, the sending of the
solicited data to other agents, and so on.
The description above is related to the agent as a stand-alone. Further aspects
that matter by adopting a multi-agent modelling concern the society of agents as a
whole. Essentially, it deals with how to organise and to ensure interaction and
communication within the society of agents.
IV.4.2 The adopted MAS organization

Lying on the standard MAS organizations reported in the literature, the
organization we adopted is derived from them. A derivation because it doesn’t comply
with any of the existing models in an absolute way.
Broadly, our MAS organization complies with the hierarchical model. We use an
agent playing the role of a master that we call a supervisor. It is responsible of the
division of the semantic data enrichment tasks amongst the other agents and of taking
strategic decisions mainly when these agents compete to the shared resources.
Indeed, at the high level of the hierarchy we find the Interface agent which is the
middleware between the society of agents and the GIS user. Besides, it is the supervisor
of the system agents. The latter are the Task agents which play the role of slaves in the
spirit of a typical hierarchical model.

109

Chapter IV. Our semantic data enrichment approach: From the modelling perspective

Nevertheless, in some situations when the GIS user is looking for more than one
geographic entity (a zone), the Geographic agents are involved in the data enrichment
process. In such situation, we resort to a distributed hierarchy. Hence, the basic
hierarchy model is to be replicated at different levels. Each level is a division presenting
a minimized society of one supervisor (one Gag agent) and its associated slaves (Tag
agents). All these divisions are directed and governed by a unique system supervisor;
the Iag agent.
Through a more thorough inspection of our organization, we can say that our Tag
agents are not slave in the strict sense. They exhibit a certain level of autonomy by
taking the initiative of performing some tasks without referring to the supervisor. Then,
the communication doesn’t flow uniquely vertically (this is the case of a typical
hierarchy) from the master down to the slaves. Our system is a set of cooperative agents
each of which participates according to the role attributed to it to reach a global system
satisfaction.
The organization model we adopted is shown in figure IV.2. At the top level we
find the system supervisor which is the Iag agent. Whether the Gag agents are involved
(figure IV.2 (b)), one level below we find the Gag supervisors that are responsible of a
subset of the system Tag agents. Each subset is responsible of managing documents
related to the same geographic entity lying within the zone.
Obviously, a simplified model would be composed of an Iag agent as a supervisor
and a set of Tag agents (figure IV.2 (a)).
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Figure IV.2: Our MAS Organization in case of one geographic entity (a) and in case of a Zone (b)

IV.4.3 Agents interaction

Within our society of agents, the interaction is achieved by means of
coordination and communication. The coordination is manifested through the
cooperation. Indeed, the agents are pursuing individual goals which are compatible.
That is, individual agents’ capabilities when combined lead the system to converge to
the same final state.
The agents exhibit complementary abilities varying according to the purpose for
which they were initially designed. Hence, each Tag agent provides an abridged
representation of the documents related to the set of topics under its jurisdiction.
Regarding the supervisor, (either the Iag agent or each Gag agent) it contributes and
supports the Tag agents by alleviating them especially from the resources sharing issues.
This is manifested especially at the delegation stage (see later).
Although the agents are basically cooperative, they compete to some resources
(in our case the text topics) at some data enrichment stage. To avoid and resolve any
conflict that may arise, the supervisor deals with the resource sharing matter. Hence,
lying on some cost function, it distributes the resources (topics) among the Tag agents in
such a way to minimize the resulting costs.
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Regarding the communication, it is achieved by means of message passing. It
deals with a peer-to-peer communication. A communication is really a solicitation to
perform some tasks, some message revealing some results and so on. To allow a
straightforward management of the messages, an agent possesses a mailbox for storing
the received messages that it will process later on.
The syntax used to describe an agent message is: MessageLabel (idS, idR, messageparameter). MessageLabel is the type of message sent by idS (identifier of the sender)
to idR (identifier of the receiver). The eventual values of idS or idR are Iag, Tag, and Gag.
Message-parameter means what is sent by the sender idS to the receiver idR.
IV.4.4 The adopted agent structure

Based on all the above managed issues, the agent general structure can be
illustrated by the figure IV.3. Independently of its class (Iag, Tag or Gag), each agent
enjoys a simple structure: the acquaintances (the agents it knows), a local memory
gathering its knowledge, a mailbox for storing the received messages that it will process
later on.
The agent knowledge are essentially the algorithmic processing to follow to
resolve a given task corresponding to each stage of the data enrichment problem.
Consequently, the local memory contains different data structures to codify each
processing suitable for each stage. Moreover, it stores information about the agent state
at a given time. All of these data are updated in real time as long as the semantic data
enrichment process progresses.
At each time an agent has a state. We manage two states, a satisfaction and an
unsatisfaction state. The agent is said satisfied once it achieves all the work devoted to
it. Otherwise, it is unsatisfied and it carries on the rest of the affected labour. It is
obvious that at the beginning all the agents’ statuses are set to unsatisfied and that at the
end of the processing the agents’ statuses have to become satisfied elsewhere the system
never takes over.
In the rest of the chapter we deal with the agents dynamics by describing each
class of agents in turn.
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Figure IV.3: The agent structure

IV.5

Agents dynamics

By soliciting the GDB, a GIS user could be dissatisfied with the resulting data.
Then, he could launch our data enrichment system as an attempt to mine other data
sources which are likely to guide him towards the desired information. The first step to
undertake is a retrieval session to bring the documents relative to the geographic entity
(ies). Then after, the system generates a set of agents that will cooperate to provide a
final output. The desired output is a set of condensed text extracts associated to the
topics automatically depicted from the document corpus. Depending on the case, either
the Iag agent and a set of Tag agents (once one geographic entity is enquired) are implied
in the semantic data enrichment process or some Gag agents are joined to the society of
agents (case of a set geographic entities standing for a zone).
Generally describing, a Tag agent stands for a class of agents which undergoes
the main text processing stages, namely, the segmentation, the thematic delimitation and
the text filtering. Regarding the Iag agent and the eventual Gag agents, they are involved
essentially during the delegation stage. These supervisors intervene during all the
semantic data enrichment stages to support the Tag agents.
In what follows, we focus on the dynamics of each class of agents.
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IV.5.1 The Interface agent (Iag)

The Interface agent (Iag) interacts with the GIS user on one hand, by receiving
the corpus of documents responding to the information requirement submitted by the
user enquiry and on the other hand, by dispatching the data enrichment results back to
the user.
This class of agent contains only one instance. Its acquaintances are the Tag and the Gag
agents if any. The Iag local memory maintains essentially the list of the corpus topics,
their members (the potential Tag agents), their corresponding delegates and the
condensed text extracts associated to the topics. Besides, the Iag agent knows the state of
the other agents (Tag and eventually Gag agents); satisfied or not.
The Iag agent is created in real time once a data enrichment session is triggered
by the GIS user. It receives the documents already retrieved. Whether the user is
handling a zone, the Iag agent attributes each corpus relative to a given geographic entity
to one Gag agent. However, if the user is interested to one geographic entity, the Iag
agent distributed the documents of the corpus among the Tag agents.
While at first glance the Iag agent is considered as a mediator amongst the user and the
system from one side and different classes of agents from another side, concretely, it
intervenes during the semantic data enrichment process, mainly during the delegation
stage.
The delegation stage is performed once the segmentation and the thematic identification
are over. By receiving the topics of the depicted segments, the Iag agent instructs the Tag
agents to update their acquaintances’ lists. Henceforth, each Tag agent recognizes the
other Tag agents which deal with the same topics. Because the topics and their
associated segments already detected are maintained by different Tag agents, the Iag
agent has to intervene to make all thematically similar text fragments put together side
by side. To allow this processing, the Iag agent affects one Tag agent which is hopefully
one of the potential Tag agents as responsible of managing all the segments relative to
one topic. This delegation decision depends upon some cost (see the next chapter). The
delegate Tag agent receives a notification about the delegation decision via the
message: Delegation (Iag, Tag, Topic-set). It is clear from this notification that the
delegate agent may be affected as a responsible of more than one topic.
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During the data enrichment process, every time the Iag agent is idle it stays inactive
waiting the response of the concerned agents. By receiving the target results from the
Tag (or the Gag) agents, the Iag agent dispatches them to the GIS user. The expected
results are the condensed relevant information extracted from the documents relative to
the geographic entity (ies) at hand. Once this global satisfaction state is reached, the Iag
agent is automatically killed. Obviously it is the last agent to be killed.
The Iag agent general behaviour is illustrated by the activity diagram shown in figure
IV.4.
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Documents Corpus
Distribut e document s
among Gag agents

[Zone]

[Geograp hic ent ity ]
Distribute documents
among Tag agents

Wait
[Reception of one Tag
agent theme list]

[Recepion of one
Gag agent response]

Arrange the themes and the
associated Tag identifier

Arrange the Gag
agent response

[Else]
[ Reception of all the depicted
themes from all the Tag
agents]

[Else]

Delegat e
[ Reception of one
Delegate agent results]

Arrange the delegate agent
response

[Else]

[Reception of all the results
fom all Delegate agents]

[Recepion of all the results
from all Gag agents]

Dispatch the results to the
GIS user

Figure IV.4 : Iag Activity Diagram

IV.5.2

The Task agent (Tag)

For the Tag agent class, the number of instances is equal to the number of the
documents to be processed. The Tag agent knowledge concern mainly the text at hand,
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the segments and their corresponding themes, the agent state (delegate or no). The
acquaintances of a Tag agent are; the supervisor (either the Iag or the Gag agent) and the
Tag agents dealing with the same topics under its jurisdiction.
The agents belonging to this class have the highest granularity since they undergo
almost all the essential data enrichment stages.
Each Tag agent is assigned a document relative to the geographic entity. It is its own
responsibility to process the document content by first delimiting the different text
passages that encompass the whole text and then labelling the output passages with their
associated main topics.
The list of detected topics discussed through the Tag agent segments are sent to the
direct supervisor via the message: ListTopics (Tag, Iag/Gag, Topic-set). The notation
Iag/Gag means that this information is to be sent to the Iag agent or to the corresponding
Gag agent, and this according to the class of the current direct supervisor
As mentioned before, these topics are to be affected to some Tag agents via a delegation
undertaken by the current supervisor. Henceforth, each Tag agent nominated as a
delegate of some topics, proceeds by gathering the text fragments relative to each topic
and which are scattered among the different Tag agents. Indeed, the delegate agent
solicited its acquaintances (Tag agents tackling the same themes under its jurisdiction) to
send the segments dealing with the same themes. This solicitation is materialized by
sending: SegmentRequest(Delegate, Tag, Theme-set) message. The segments are sent
through the message; TextTheme(Tag, Delegate, Segment-set).
As a matter of fact, a Tag agent affected as a delegate of some topics that it
doesn't tackle in its document has to identify the Tag agents dealing with these themes.
This delegate ignores the latter because they do not pertain to its acquaintances list.
Then, it has to communicate with its direct supervisor; the Iag agent or the Gag agent
(which knows all the Tag agents relative to the geographic entity at hand) via the
message; Members(Delegate, Iag/Gag, Theme-set). The supervisor sends the response via
the message: Member-list(Iag/Gag, Delegate, Members) to the delegate agent. By
collecting the segments, each delegate possesses a set of generated documents; one
generated document per theme under its jurisdiction. A generated document is the result
of gathering the passages related to the same topic and which are issued from different
Tag agents. The delegate agent starts filtering each generated document once it receives
all the TextTheme messages from the Tag agents dealing with the corresponding theme.
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This last step results in a set of topics and the corresponding text spans in a
condensate form. The messages EssenceText(Delegate, Iag/Gag, AbridgedExtract)
convey the results to be sent to the supervisor.
The Tag agent that has provided all the abbreviated information associated with the
topics under its jurisdiction is no more maintained within the system.
The activity diagram associated to each Tag agent is depicted below (figure IV.5).

Reception of a document
from the
supervisor
Text
Segmentation
Theme
Identification
Wait

[Delegation decision]
[Delegate of all of its
document themes]

[Sollicitation]

[Not a delegate]
[Delegate of s ome of
its document themes]

[Else]

Collect segments relative
to the themes
[Sollicitation]
Create generated
documents

Send the segments to
the Delegate agent

Filter generated
documents

[Else]

[All generated
documents filtered]
Send results to the
supervisor

[No more sollicitation]

Figure IV.5: Tag Activity Diagram
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IV.5.3 The Geographic agent (Gag)

In front of a map, the GIS user may be interested to know data about one
geographic entity or a set of geographic entities that we call zone. In the last case and to
distribute enough the semantic data enrichment process, we involve a third class of
agents; the Geographic agents (Gag).
Each Gag agent is designated by the Iag agent to deal with one geographic entity
belonging to the handled zone. Henceforth, each Gag agent will play the role of the
supervisor for a subset of Tag agents. The latter will receive only the documents relative
to the geographic entity under the responsibility of their associated Gag agent supervisor.
The acquaintances of a Gag agent are its supervisor (the Iag agent) and the Tag agents
dealing with the documents relative to its geographic entity. A Gag agent knowledge are
the same as those maintained by the Iag agent but they are limited only to the geographic
entity it supervises.
When dealing with a zone, each Tag agent interacts directly with the corresponding Gag
agent instead of the Iag agent. All the processing ranging from attributing a document to
a Tag agent till the reception of the condensed extracts issued from the generated
documents are accomplished without the intervention of the Iag agent. By the way, the
same messages exchanged among a Tag agent and the Iag agent in the case of one
geographic entity handling, are exchanged between a Tag agent and the associated Gag
agent.
By receiving all the results generated by the Tag agents, each Gag agent sends these
results to its supervisor; the Iag agent. The latter, by receiving the results relative to the
whole zone from all the involved Gag agents, dispatches the results to the GIS user.
Each Gag agent which has provided all the material corresponding to the condensed text
extracts received from all the Tag agents it supervises is killed.
The activity diagram of a Gag agent is described in figure IV.6.
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Figure IV.6: Gag Activity Diagram

IV.6

Conclusion

Along through this chapter, we have presented our semantic data enrichment
approach especially from the modelling perspective. Our proposal copes with the
situation where a GIS user is unsatisfied by the GDB results and he looks for other data
sources to reach the target information.
In this context, we propose a staged approach ranging from text segmentation,
theme identification, delegation, text filtering and eventually a results refinement. Our

120

Chapter IV. Our semantic data enrichment approach: From the modelling perspective

intention is to offer means to manage the textual data sources to provide the essence of
information with less human commitment.
We devised a distributed data enrichment process that can be equated to a multidocument summarization system. Our distribution complies with the multi-agent
principles. We involved three classes of agents: one Interface agent, some Task agent,
and probably some Geographic agents. These agents interact to extract the gist of
information from the textual documents in an abridged fashion.
In this chapter, we have focused only on the modelling aspect of our semantic
data enrichment approach. Chapter 5 will be dedicated to detail the processing carried
out during the different stages outlined above.
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Chapter V

Our semantic data enrichment approach: From
the processing perspective

V.1

Introduction

The major concern of our data enrichment approach is to provide
complementary textual information to enrich the already stored semantic GDB data. The
approach we propose is mainly a four stage process consisting of: text boundary
delimitation (segmentation), thematic identification (TID), delegation and text filtering.
This staged data enrichment process is triggered by virtue of lack of data responding to
the GIS user requirements. Nevertheless, this enrichment effort may be insufficient or
misleading due to many reasons. Hence, as additional stage we provide to the end users
means to refine the retrieved results. This stage exploits the spatial relationships which
characterize the geodata in order to best locate the geographic entity at hand.
This chapter is structured as follows. Section 2 outlines our overall semantic data
enrichment process. Section 3 is devoted to the segmentation process. The thematic
identification is detailed in section 4. Section 5 reports the delegation stage. The textual
filtering is described in section 6. Ultimately, in section 7 we present the eventual
refinement of the data enrichment results.
V.2

An outline of our staged data enrichment process

The process we propose to the semantic data enrichment [Mahmoudi & Faïz,
2009a; Mahmoudi & Faïz, 2006c] operates on textual documents. We intervene to
provide GIS users with means to make them free from many cumbersome tasks which
are mandatory to manage any text stream. Commonly, when a human is dealing with a
document, he picks up the ideas conveyed through the text and the associated text
portions and then he catches the textual elements that best represent the detected ideas
from the corresponding portions.
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The motivation underlying our automatic text processing proposal is to mimic
this pipelined walk. The system we devised is essentially a four stage process consisting
of: text segmentation, thematic identification, delegation and text filtering.
From the modelling point of view, the data enrichment is performed in a
distributed fashion which complies with the multi-agent framework as detailed in the
previous chapter. We recall that we use three agents: an Interface agent (Iag), Task
agents (Tag), and eventually Geographic agents (Gag). The Iag agent and the Gag agents
are mainly supervisors controlling the agents’ interactions. For the Tag agents, they are
more laborious and exhibit a high granularity since they undertake the essential of the
data enrichment processing tasks.
Indeed, a Tag agent to which a supervisor has assigned a document has first to
delimit all the textual fragments within its document. This is performed by applying a
segmentation technique which generates a set of homogeneous segments encompassing
the whole text. Then, the Tag agent passes each derived segment to a thematic
identification module to annotate it with the main topic discussed within its text. The
WordNet thesaurus is exploited at this level. The depicted topic identifiers will serve at
the subsequent step to collect different text parts associated to the same topic. This is
made possible through a delegation carried out by the direct supervisor, either the Iag or
the Gag agent (depending on the number of geographic entities at hand). This results in
the assignment of some Tag agents as delegates responsible of some topics. Each
assigned Tag agent will carry on the rest of the text processing by filtering the texts
corresponding to the topics it governs. This filtering relies upon the RST formalism and
more precisely on the RST binary trees representing the texts structures.
Figure V.1 illustrates the different substantial data enrichment stages. All this
processing is provided to the GIS user in an attempt to satisfy his requirement towards
data that are missed from the GDB. Once again the user is the judge who is able to
assess the relevancy of the results returned by our system. To deal with an
unsatisfaction situation, we propose a supplementary stage; the refinement of the data
enrichment results. This is performed by trying to locate with accuracy the geographic
entity at hand in an attempt to increase the chance to reach the desired information. This
is achieved by exploiting the spatial relationships exhibited by the geographic entities.
In the sequel, we present each of the data enrichment stages in turn.
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Figure V.1: Main stages of the data enrichment process
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V.3

Stage 1: Text segmentation

A user interested to some geographic entities and who has recourse to our
semantic data enrichment process, receives a large corpus of documents. Managing
these documents in the common fashion by reading in a linear way to retain the essence
of information is prohibitively a fastidious task. Hence, a set of text processing is to be
operated upon this resulting corpus to alleviate the user from the common text
management tasks. To achieve this objective, we propose to exploit the text
segmentation technique as a first stage in this processing. This is one way to locate and
to bind the text passages deemed thematically homogenous. In fact, each Tag agent has
to segment the document to which it was designated as a responsible by the supervisor
(either the Iag agent or the Gag agent).
In this context, we study two well known segmentation algorithms namely, the
TextTiling and the C99. Then, we reveal the merits and the limitations of the two
segmentation techniques. By combining the two algorithms to profit from their
associated merits, we propose a new way to segment accurately the retrieved
documents.
In what follows, we first describe the TextTiling and the C99 algorithms. Then,
we detail the segmentation strategy we propose and which rests heavily on the main
steps of the exposed algorithms.
V.3.1

The TextTiling algorithm

The TextTiling algorithm [Hearst, 1994; Hearst, 1997] is the best known of all
approaches to segmentation. The basic idea underlying the TextTiling is to find
breakpoints revealing vocabulary changes. That is, locations where the degree of term
repetition is relatively low.
The starting point of the algorithm is a stemmed text which is already checked against a
list of stop-words. The latter contains non content words (prepositions, articles…). The
stemming aims to gather different morphological forms of a word under the same root.
TextTiling first subdivided the text into pseudo-sentences of a fixed length (pre-defined
size w: w tokens per token-sequence) rather than syntactically determined sentences.
These approximate sentences in such a way that comparisons are done between sets of
words of uniform length. These groupings of tokens will be referred to as token-
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sequences. The token-sequences are gathered into blocks of size k. Real paragraphs are
not considered because of their variability in length which leads to unbalanced
comparisons.
Between each pair of blocks is a gap that is potentially one of the natural breakpoints
that we are looking for. At each gap we compute the cohesion score which measures the
amount of topic continuity or cohesion, i.e., the amount of evidence that the same is
prevalent on both sides of the gap. Intuitively, we want to consider gaps with low
cohesion as possible segmentation points. In fact, we look to infer the breaking points
from the distribution of the words in the text i.e. when there is a change of topic,
previous words seem to disappear from the rest of the text.
In order to calculate the cohesion scores, TextTiling uses the cosine similarity measure
where the weights of the words are the frequency in the text. Similarity values are
computed for each gap. Hence, a score is assigned to gap i corresponding to how similar
the block on one side with the block on the other side. If the similarity is low, then may
be we have a breakpoint.
Formally, let i be a gap, bl be the block of k token-sequences to the left of the gap, and
br be the block of k token-sequences to the right of the gap. Let T be the set of nonstoplist tokens that occur in one or both of bl and br. For t∈T, let ft,biЄ{l,

r}

be the

frequency (weight) of t in block b. Then, the similarity sim(i) of the blocks at gap i is
given by :
sim(i ) =

∑f
t∈T

t ,bl

× f t ,br

∑f ∑f
t∈T

2
t ,bl

t∈T

2
t ,br

This formula yields a score between 0 and 1, inclusive.
The similarity scores are to be plotted against the sequence of gaps (see figure V.3). The
computed cohesion scores serve to compute the depth scores. A depth score can be seen
as the sum of the differences between the top of the peaks immediately to the left and
right of a valley. Hence, we compute the depth of each valley by adding together the
length of each of its sides:
depth(i) =( sim(i-1) - sim(i) ) + ( sim(i+ 1)-sim(i) )
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To compute the depth for the first and the last gaps, the following definitions are set up:
sim(0) = sim(1) and sim(g+1) =sim(g), with g being the number of gaps.
For instance, in figure V.2 [Hearst, 1997] and for text 1, the gap depth score is
computed by summing the heights of the two sides of the located valley:
depth(g2) = (sim1-sim2) + (sim3-sim2)
In fact, before using the similarity scores to compute the depth scores we need to
smooth cohesion scores to address some situations. The smoothing is a process for
removing smaller and erratic variations. The similarity scores are smoothed with a
simple median smoothing algorithm with a window of size 3, to eliminate small local
minima. The smoothed similarity values are then plotted against the sequence of gaps
(figure V.3). By performing a smoothing, the cohesion score si for gi is replaced by (si-1
+ si+ si+1)/3. For instance, we need to smooth cohesion scores to address situations like
those in text 2 (figure V.2). Intuitively, the difference (sim1 - sim2) should contribute to
the depth score of g4. This is achieved by smoothing the score sim2 which becomes;
sim2 = (sim1 + sim2 + sim3)/3.

Figure V.2: Some TextTiling plots

The last step of the segmentation process is the boundary identification. Effectively, the
boundary selector is the module that looks at the depth scores and selects the gaps that
are the best segmentation points. The module estimates the average μ and the standard
deviation δ of the depth scores and selects all gaps as boundaries that have a depth score
higher than μ - (c x δ) where c is some constant.
In figure V.3, we show three plots. One relative to the gap scores (labelled gap in the
graph). A plot resulting form the smoothing application (noted smooth). A third one, is
the result of the boundary delimitation process and which is marked final in the graph.
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Final

Figure V.3: TextTiling graphs resulting from the three processing executed
on the initial similarity scores

V.3.2

The C99 algorithm

The C99 [Choi, 2000; Choi et al., 2001] is a well known algorithm in the text
segmentation field which is recognized to be the most convenient for the short texts.
This algorithm takes as input a set of minimal units which are sentences resulting from a
pre-processing (non content word elimination and stemming). Between each pair of
adjacent units, a similarity measure is computed using the cosine method.
To perform this similarity computation we have first to determine for each word j within
the sentence i its frequency denoted by fij. Hence, the similarity between each pair of
sentences x and y is computed as follows:

sim( x, y ) =

∑
∑

j

f x, j × f y, j

j

f x2, j ∑ j f y2, j

From the resulting similarity measures, a similarity matrix is generated reporting
the similarities among all the sentences pairs. All the diagonal values are set to 1,
because the similarity among sentence x and sentence x is equal to 1 since they are the
same. Besides, the matrix is symmetric because the similarity between the sentence x
and the sentence y is the same as the one between the sentence y and the sentence x.
In fact, Choi argues that in short texts the absolute value of similarity: sim(x, y),
is unreliable, that is statistically insignificant. He pointed out that for a text which is 100
words long, we can only use the absolute similarity scores to estimate the similarity
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order among the sentences. For instance, we can deduce whether the sentence a is more
similar to b than to c.
By resting on this idea, C99 applies a “local ranking”. Instead of using the similarity
matrix, a rank matrix is established. So every value in the matrix is replaced by its rank
within its local context.
The rank of sentence x and y is the portion of neighbour sentence pairs having a
similarity value small than the one between themselves (sim(x,y)).
More formally, a ranking is done, determining for each pair of sentences, the rank of its
similarity measure compared to its n×m-1 neighbours, n×m being the chosen ranking
mask with n and m being number of sentences. The rank is the number of neighbouring
elements with a lower similarity value.
For the similarities situated at the matrix border, and because there is less examined
neighbours, the output rank is expressed as a ratio r as follows:

r=

calculated rank
number of neighbors in the mask

For the sake of illustration, we show in figure V.4 [Choi, 2000] an example of
similarity matrix and the process of computing the corresponding rank matrix by using a
mask 3*3. For instance, for the similarity score 8 highlighted in yellow (step1) is
replaced by the rank score 7 in the rank matrix. This is computed as follows, we
consider at first a mask 3*3 that is, a frame of 9 adjacent squares (shown in green in the
figure V.4). Then we compute the rank at this point by applying the rank definition
described above. Informally there is 7 neighbours in the frame with similarity scores (14-4-5-6-7-7) lower than 8.
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Figure V.4: From the similarity scores to rank values

The last stage of the algorithm is the extraction of textual zones. This boundaries
delimitation is performed in a similar way as the doplotting algorithm [Reynar, 1998].
More precisely, it relies upon the Reynar’s maximisation algorithm which determines
the segmentation maximising the internal segments density.
Each time, one delimitation is posed at a point. The segments are represented by squares
along the rank matrix diagonal. More concretely, a segment is defined by the sentences
i, j (inclusive). For such a segment we depict its area denoted ak and its weight sk. The
former is defined as ak = (j-i+1)2 and the latter is the sum of the rank values in the
segment.
In fact, we dispose of B={b1, …, bm}, the list of m segments. At the beginning the whole
document is seen as one segment. Then at each time the segment is split in two. The
split point is a potential location which maximizes the density D. D is the inside density
of B defined as follows:

∑
D=
∑

m

s

k =1 k
m
k =1

ak

Where, k is segment number picked out from the list B containing m (automatically
determined) segments.
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D(n) is defined as the inside density of n segments and the gradient denoted δD(n) is set
equal to D(n) - D(n-1). The sharp drop of the gradient value is an indicator that the optimal
clustering has been reached.
V.3.3

The proposed segmentation algorithm

Till now we have fixed the way to explore by studying the two segmentation
algorithms that are well established in the literature through the high performance they
exhibit. It remains to decide which one to investigate in order to adapt or to adopt
during the segmentation stage. The decision was to undertake the TextTiling as the
backbone of our segmentation stage. This is based on many confirmations and empirical
observations.
First of all, applying the C99 to texts yields to minimal delimitation. Even for long texts,
only few segments are detected. This ascertainment is reported also by other
researchers. For instance in [Farzindar et al. 2005], the authors asserted that the
algorithm cuts the text in only two or three thematic segments, even for long texts of
about 1500 words. This is considered as a drawback since in our data enrichment
context, the segmentation is intended to bound enough the textual extend of each
thematic idea.
Besides, while trying the TextTiling and the C99 algorithms, the former was faster than
the latter. This was confirmed by [Hovy et al. 2001].
Moreover, later other works like the one in [Caracciolo & Rijke, 2006] has shown that
the TextTiling algorithm outperforms the C99, which goes against the confirmation of
Choi.
Although the TextTiling has been chosen as the text segmentation platform, it is
not exempt of drawbacks. This is evidently not limited to the TextTiling algorithm. It is
the feature of all the segmentation algorithms seen their non deterministic nature since
they operate on unstructured textual data. All of them try to approximate the text
boundaries as accurate as possible.
Concerning the TextTiling, we have observed a shortcoming exhibited during the first
stage: the block building. We recall that this step concerns the grouping of the tokensequences into blocks. This block creation is not guided heuristically; a fixed number of
adjacent pseudo-sentences is just taken. By the way, it is not scarce to put in the same
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block pseudo-sentences that are thematically heterogeneous. This can be depicted
schematically as follows.
Assume that the TextTiling algorithm fragments the text into two blocks; block 1 and
block 2 (figure V.5 (a)). For the illustration needs, the contents of the blocks are marked
as (xx.....xxx yyy…yyy) and (yyyy…yyyy ssss…sss) for block 1 and block 2, respectively.
Obviously, a more thorough block fragmentation would be the one illustrated by figure
V.5 (b).

Block 1

Block 2

xxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxx
yyyyyyyyyyyyyyyyyyyyyyyyyyyy
yyyyyyyyyyyyyyyyyyyyyyyyyyyy

yyyyyyyyyyyyyyyyyyyyyyyyyyyy
yyyyyyyyyyyyyyyyyyyyyyyyyyy
ssssssssssssssssssssssssssssssss
ssssssssssssssssssssssssssssssss

Block 1

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
Block 2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
yyyyyyyyyyyyyyyyyyyyyyyyyyyyy

Block 3

ssssssssssssssssssssssssssssssssss
ssssssssssssssssssssssssssssssssss

(a)

(b)

Figure V.5: The TextTiling deficiency illustration

In figure V.5 (a), the block building strategy adopted by the TextTiling algorithm has
caused an artificial fragmentation distortion in such a way that the passage revealing
data thematically related to y was broken; one portion has been arbitrary reported by
block 1, and the other side of the passage was merged with the text of block 2.
Obviously, this is an undesirable situation. Ideally, we would like to reach the situation
sketched by figure V.5 (b). In such a case, we get three homogenous blocks by
gathering the two sides related to y to form a third block.
Moreover, the deficiency located at the block building step may alter the performance of
the overall TextTiling algorithm because of the resulting side effects that would arise in
the subsequent segmentation steps. Whether we presume this block decomposition
(figure V.5 (a)), during the similarity computation we obtain high coherence scores.
This is due to the amount of topic continuity or cohesion, reflected by the high degree of
term repetition. Then, these two adjacent blocks (figure V.5 (a)) will be incorporated in
the same segment since at the gap separating them the similarity score is high enough.
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All these undesired situations would result in low performance of the TextTiling
algorithm.
Nevertheless, the situation highlighted in figure V.5 (b) and which is ideally to occur,
would never entail putting these heterogeneous blocks side by side in the same segment.
Once the problem is located, we propose [Mahmoudi & Faïz, 2010b] to
intervene during the block building stage in order to discard the intruders
(heterogeneous pseudo-sentences) from each block. The idea is to merge the TextTiling
and the C99 algorithms by exploiting the advantages of each of them.
By taking the TextTiling as our basic segmentation algorithm, we execute the tokensequence decomposition step, then we carry on the subsequent stage; the block building.
At this level which we have already identified as being the localisation of the eventual
deficiency of the algorithm, we intervene to adjust the block decomposition.
The main idea underlying our segmentation proposal, is an intra-block homogeneity
checking. To do so, the TextTiling blocks are fed to C99 as short texts. We rest on the
fact that C99 is the segmentation algorithm that is best tailored to short texts.
By doing so, either the block homogeneity is confirmed, or an heterogeneity is depicted.
Concretely, we look to further decomposition if necessary.
Then, at each pass, the output of C99 could be the whole block under the homogeneity
test. This means that the block is preserved as it since it is already homogenous. In
contrast, by executing the C99 algorithm to a block that looks like the one shown in
figure V.5 (a), the output would be more than one sub-block encompassing the whole
block at hand.
In figure V.6 we report the pseudo-code describing the main steps of the solution we
propose. In the algorithm, we denoted biraf the refined block bi which is the output
delivered by C99 once applied to the bi TextTiling block.
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Figure V.6: The skeleton of the main steps of our enhanced version of the TextTiling algorithm

In the illustrative sketch shown in figure V.7, b3 and b4 are two blocks which
have been judged also by the C99 segmenter to be well formed. Whereas, the blocks b1
and b2 will undergo an additional thematic breaking (step 2) into sub-blocks (b1
subdivided into b11 and b12, while b2 is decomposed in three sub-blocks b21, b22 and b23).
Consequently, the text that is initially fragmented into (b1, b2, b3, b4) is now
decomposed to a more refined blocks in terms of thematic homogeneity (b11, b12, b21,
b22, b23, b3, b4). These blocks will be used to undertake the rest of the TextTiling
processing.
The TextTiling standard subsequent step is to compute the inter-block similarity to be
able to infer which blocks will together stand for a text segment. Although this step is
maintained, we introduce some alteration to account for the block refinement results.
Formally, given a block bi, the C99 output (biraf) sub-blocks may be split into two
classes:
1. a sub-set of sub-blocks definitively classified as text segments
2. a sub-set of sub-blocks to be checked for a similarity computation to infer the
TextTiling segments
The sub-blocks falling in the second class are those found at the frontiers of the original
TextTiling blocks. These frontier sub-blocks are considered for a similarity computation
for an eventual merging with other sub-blocks to form the final segments.
Referring to the results of step 2 in figure V.7 and for b2 which is fragmented into three
sub-blocks, only b21 and b23 are to be considered in the TextTiling subsequent steps.
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These are situated at the block frontier; b21 at the bottom of b1 and b23 at the top of b2.
Whereas, the sub-blocks located far from the frontiers are classified definitively as
segments and will not undergo the rest of the segmentation steps. This is the case with
the non-frontier sub-block b22 issued from b2.

Step 1: Block
building

Step 3 : Similarity
computing at each
Step 2 : Intra- gap separating 2
block breaking sub-blocks in
frontiers
b11

b1

b3

C99

b2

b12
b21
b22
b23
b3

b4
b4

b11
sim

sim

b12

Step 5 : Gap depth
evaluated to depict
the deeper valleys that
Step 4 : Similarity marks the segments
plot

b21
b22
b23
b3

sim
b4

Figure V.7: An illustration of our enhanced version of TextTiling

V.4

Stage 2: Theme Identification

By segmenting a given original document, each Tag agent holds a set of text
passages encompassing the whole text. The subsequent step is now to sift all the
passages to bring the gist of text. To make this possible and because the segments
related to the same topic are scattered among different documents maintained by
different Tag agents, we have to collect them in one physical container. We call the latter
a generated document by opposition to the native document issued from the information
retrieval session. Creating such a new document presumes some criteria to collect
together some text passages. Because we manage textual data, the natural criterion is the
topic similarity. The topic identification is then a crucial step in our reasoning flow to
carry on the rest of the data enrichment processing.
The theme identification is performed by every Tag agent by labelling each
segment derived from the document under its jurisdiction. The label refers to the topic
talked through out the segment under scrutiny. The objective is then to know how to
guess a topic.
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Our topic identification process [Mahmoudi & Faïz, 2010b] merges the use of the word
count frequency and knowledge base investigation. Underlying the word frequency
counting is the assumption that more occurrences of a word in a text is a sign of the
more importance attributed to it. Therefore, the highest frequency is a requisite to affect
the corresponding word as the text topic.
Nevertheless, sometimes the authors tend to use different terms in such a way
that no word exhibits a significant frequency when compared to the rest of the text
words. To address this situation, we appeal to a knowledge database to reveal the
semantic relatedness amongst the text words. More precisely, we use the WordNet
thesaurus [Fellbaum, 1998]. The word maintaining semantic relations with the largest
set of text words, stands for the topic.
In what follows, we describe the WordNet thesaurus and we explain the process
we propose to accomplish the thematic identification.
V.4.1

WordNet thesaurus

The WordNet [Miller, 1990] is an electronic lexical database created at
Princeton University in 1990. Due to its increasing scope and free availability, WordNet
has become a popular resource for identifying taxonomic and networked relationships
among concepts.
The basic organizational unit in WordNet is the synonym set (shortened to synset). Each
synset represents a concept or word sense. A word sense is a particular meaning of a
word. A synset is then a set of words describing the meaning of the word in a specific
context and that can be used interchangeably. Each synset is annotated with a gloss
(definition) associated with it. For example: {car, auto, automobile, machine,
motorcar} is a synset that represents one sense of “car” defined by the gloss: “a motor
vehicle with four wheels; usually propelled by an internal combustion engine”. Many
glosses have examples of usages associated with them, for the word “car” the following
example is given: “he needs a car to get to work”.
The synsets in WordNet are divided into four distinct categories, each corresponding to
one of the four parts of speech: nouns, verbs, adjectives and adverbs. Unlike most
dictionaries, WordNet contains only open-class words (nouns, verbs, adjectives, and
adverbs). WordNet does not contain closed-class words such as pronouns, conjunctions,
and prepositions.
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Synsets are connected to each other through explicit semantic relations that are defined
in WordNet thesaurus. These relations connect only word senses that are used in the
same part of speech.
WordNet defines relations between synsets and relations between word senses. A
relation between synsets is a semantic relation (meaning to meaning e.g. hyponymy,
holonymy, meronymy), and a relation between word senses is a lexical relation (e.g.
synonymy and antonymy).
In what follows, we present the noun relationships:
♦ Synonymy: two concepts have a similar meaning. That is synsets with similar
meaning. It is considered as WordNet’s basic relation, which is expressed by
grouping word/sense pairs into synonym sets or synsets.
♦ Hypernymy/Hyponymy (is-a): Y is a hypernym of X ; X is-a-kind-of Y. X is a
more specific concept (hyponym) and Y is a more generic concept (hypernym).
Hence, a hypernym is defined as the generic term used to designate a whole
class of specific instances. A hyponym refers to a specific term as a member of a
class.
♦ Meronymy/Holonymy (part-whole): Y is a holonym of X, if X is a part of Y. X is
a concept that represents a part (meronym) of a whole concept Y (holonym). In
other words, holonym is the name of the whole of which the meronym names a
part.
♦ Coordinate terms: Y is a coordinate term of X if X and Y share a hypernym
V.4.2

The thematic identification process

To perform the thematic identification, each Tag agent takes as input a segment
and pre-processes it to produce the valuable words. This pre-processing is triggered by a
stop words discarding. The stop words convey no content. Then, the Tag agent runs the
text through a part of speech tagger 11. The tagger attaches a part of speech tag at the end
of each word. The major known part of speech categories are nouns, verbs, adjectives
and adverbs. From all these we maintain only the noun tag category which is usually
deemed to be the more valuable and worth informing category. Concretely, we account
implicitly for different categories. We apply a stemming 12 to the text under scrutiny.

11
12

http://web.media.mit.edu/~hugo/montytagger/
http://www.tartarus.org/~martin/PorterStemmer/
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Then, we gather different part of speech categories which fall under the same root and
we replace them by the corresponding tag noun. We do so, to increase the number of
times we find the noun by considering different words invoking the action or the
concept it mentions.
By achieving these preliminary steps, the Tag agent associates with each noun its
frequency. The latter, stands for the number of occurrences of a given word within the
text at hand.
To perform the topic identification, the Tag agent relies upon two heuristic rules. The
choice of the appropriate heuristic to operate at a given time is tied to the results of
frequency

computation.

The

word

frequencies

could

be

homogenously

or

heterogeneously distributed.
The heuristics driving the topic identification process are stated below.
Heuristic 1: Select the text word with the highest frequency score. The recurrence of

the word is an indicator that the word is a potential candidate to the text topic.
This rule is to be applied once the resulting word frequencies are heterogeneously
distributed. This occurs whenever the frequencies values are distinct enough. Yet,
there is a large difference among the word frequencies signalling that some words
are more mentioned than others. This is the feature of texts whose authors put the
emphasis on the subject through repetition of certain words.
Hence, the word which repetition rate is beyond a fixed threshold is assigned as the
topic of the text.
Heuristic 2: Select the word signalling the highest degree of relatedness with the rest of

the text words.
Although, the assumption underlying the first heuristic is valid, it can be misleading
since a non negligible number of authors intend to avoid term repetition. In such
case, the writers may use different words that express strictly (case of synonymy)
the same concept or use a set of distinct terms which together contribute to develop
a subject. In other words, the text terms exhibit certain semantic relatedness.
Indeed, such texts are characterized by a set of terms that are homogeneously
distributed and none of them is remarkably reproduced. The term standing for the
text topic is then the one which is most referenced via thematic relations it maintains
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with the other terms. To pick out the term which fulfils this condition we explore the
semantic network WordNet.
By resting on these rules and given the term frequencies already computed, the
Tag agent operates the appropriate heuristic. The major steps followed during the theme
identification are shown by the skeleton in figure V.8. Whether heuristic one prevails,
the topic is the term with the highest frequency. We assume that the term that
characterizes a text topic is usually stressed in by having the highest frequency among
all the terms. Obviously we have to set the appropriate cut-off to control the frequency
level. We define the repetition rate denoted reprate which is computed for the most
frequent word w (freq(w) is the frequency of w) out of n words in the text stream as
follows:

reprate ( w) =

freq( w)
n

∑ feq(w )
i =1

i

Then, if reprate(w)>threshold, the Tag agent infers that w is the text topic. Although, if
there is more than one term with the same reprate exceeding the fixed threshold, the Tag
agent undertakes a WordNet investigation. By doing so, it can reveal eventual relations
that the most frequent text words maintain among each others and deduce the
convenient topic. In figure V.8, this investigation is materialized by a call of the
function related( ) which is highlighted in figure V.10.

Figure V.8: Pseudo-code reporting the main theme identification steps
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Whenever the heuristic 2 is the more appropriate to apply to the text at hand, the
concerned Tag agent builds a semantic network for the text. The network describes the
semantic relations between all the text words. From this network, the Tag agent adjusts
the basic frequencies by accounting for the number of links each noun maintains with
the others. Hence, the most referenced word via semantic relations will be assigned as
the text topic.
However, such semantic relatedness detection is not a straightforward task. Really, there
exits many text instances to which the heuristic two is the convenient rule.
Figure V.9 provides a graphical illustration of different text instances which can be
described as follows.
Case 1: Ideally the text words are related semantically in such a way that each of which

contributes to develop a central idea. The latter is literally mentioned by one of the
text words. Hence, almost the totality of the text words is directly linked through
some semantic relations to the literal word conveying the main idea (figure V. 9
case 1).
Case 2: It is not scarce to have a text which words convey no direct relation. That is no

link among the literal words. Nevertheless, a thorough insight to the text context
reveals an indirect relation among the words. This is materialized via a conceptual
reference. Hence, almost all the text words have a path towards a one and a unique
concept. The latter is picked out as the text topic (figure V. 9 case 2).
Case 3: An extreme and absurd case is to have neither direct nor indirect links amongst

any paired text words. Likely, the text is just a set of words that convey no sense. By
convention, the topic is set to nothing (figure V.9 case 3).
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Case 1 The word1 is the appropriate topic since Case 3 The text is a bag of words in bulk
it is the most directly and semantically
with neither direct nor indirect
referenced
links.
concept1
concept2
…….

concept3

conceptn

Word 8
Word2

Word 5 Word 9

Word 10

Word 4

Word 1

Word n

Case 2 No link at the literal level but in a deeper one; conceptual level
(indirect links). Concept1 is likely the potential candidate for the text
topic
Figure V.9: An illustration of different kinds of the text word relatedness

Figure V.10: Skeleton of the related function
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Indeed, a text for which the heuristic two is the best tailored, is checked against
one of the standard three situations shown in figure V.9. Whatever the case, the Tag
agent first accesses to the WordNet thesaurus and determines the sysnsets relative to the
words and the semantic relations established by each word and the others. For each
possible reference in each synset standing for one possible meaning of the word at hand,
the Tag agent memorizes the number of links established with the rest of the text words.
Figure V.10 outlines the basic steps of this processing. Once this processing is over,
some words that are found to be linked to none of the text words are deemed dummy
words since they are really dead end points. That is, following any path issued from a
dummy word where the intention is to get to one of the text words is no way achievable.
Such words are not closely linked to the text topic rather they are marginal words that
contribute to stand for the text.
At this level, two situations may take place. One situation refers only to a few
non dummy words. That is, only a small subset of words maintains links with each
others. Then, all the text words (dummy and non dummy) are probably linked via a
concept at a high level. Another situation that may occur is to have a large number of
non dummy words. In other words, almost all the text words exhibit some direct
relations with each others. As a matter of fact, a cut-off is fixed from the start to
distinguish which reasoning prevails according to the number of dummy words.
In case of a large number of non dummy words, for each non dummy word, we
adjust the frequencies (henceforth called freqUpdat) as follows:

freqUpdat (w) = freq(w) + number − links(w)
Where freq(w) is the initial frequency already computed. number-links(w) is the
number of semantic links maintained with the word w and the rest of non dummy text
words.
To infer the text topic, we rely on the relatedness score attributed to the non

dummy word with the highest frequency (freqUpdat). Such a word is likely to reveal the
main idea of the text at hand. This is stated as follows:
R ( w) =

freqUpdat ( w)

∑ freq(w )

wi ∈non − dummy −terms

i
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R(w) refers to the relatedness degree of a word w defined as the ratio between its
freqUpdat score and the sum of the basic frequencies of the non dummy words. If such a
score exceeds a fixed threshold it is set as the text topic. Whether, more than one word
have the same R score, then we choose the one having the maximum number of links.
With equal R and equal number of links, we check the hypernym linking the maximum
of words with respect to a threshold.
We recall that all this processing holds if there is a large number of non dummy
words with respect to a cut-off. Otherwise, we look for the conceptual relation, namely
the hypernymy. Indeed, we reconsider the whole text words even the dummy words.
Then, the topic identification is performed by following the hypernym links. The
hypernym attached to the maximum number of words is set as the text topic.
As ultimate case, one could be in front to a text corresponding to the sketch
shown in figure V.9 (case 3), where the topic is set conveniently to nothing.
It is worth noting that many words have more than one sense which is
materialized by the presence of the word in more than one synset. Hence, we have to
distinguish which sense we are concerned with in the current text. Naturally, the sense is
revealed by recognizing the context where the word is used. A word context is nothing
than the text words present in its vicinity. Accordingly, in our work a word sense is
determined implicitly (at the same time we look for the potential topic) through the links
revealed among the words. Then, for each word having more than one sense, its current
sense adopted in the text at hand is the reference which maintains the maximum of
direct link with the others. In the case where only indirect links are revealed, the true
words’ senses are those that contribute to stand for the concept via the hypernymy
relation.
V.4.3

Illustration

To illustrate the thematic identification process, we give the following piece of
text for which we look to affect a topic.
"The state run Tunisian Radio and Television Establishment operates two national TV

channels and several radio networks. Until 2003, the state had a monopoly on radio
broadcasting".
For the shake of simplicity, we show only the part of speech tagging stage and we mark
only the noun tags. The resulting tagged file is as follows:

143

Chapter V. Our semantic data enrichment approach: From the processing perspective

The state/Noun run Tunisian Radio/Noun and Television/Noun Establishment/Noun
(ERTT/Noun) operates two national TV/Noun channels/Noun and several radio/Noun
networks/Noun. Until November 2003 the state/Noun had a monopoly/Noun on
radio/Noun broadcasting/Noun.
We compute the frequency to each word already tagged as a noun. The resulting scores
are:

State (1), Radio (3), Television (1), Establishment (1), ERTT (1), TV (1), channel (1),
network (1), monopoly (1), broadcasting (1).
It is clear that the text words are homogenously distributed. Hence, the concerned Tag
agent applies the second heuristic to depict the main topic. The first step to undertake is
to determine the synsets of each word. Then, for each of them, the semantic relations are
looked for (figure V.11).
For the sake of clarity, we give a sample of one WordNet file (figure V.12). The first
line corresponds mainly to different references to the word broadcasting. Without
detailing all the information which are beyond the scope of this work, this line indicates
that broadcasting is involved in two synsets as mentioned by the underlined references.
The subsequent lines report the details of the two synsets which are highlighted in the
first line. Essentially each line relative to one synset reference line indicates the possible
links with other nouns. The following symbols: @, ~... are used to stand for the links:
hypernymy, hymogony, etc.
For instance, the notation ~ 06194610 (underlined in line 3 figure V.12) mentions that
the word sense referenced by this number is linked to the one broadcasting sense
referenced as 06194172 via a hyponymy (~) link. 06194610, refers to one sense of the
word radio. Explicitly, the link announces that the word radio is a kind of broadcasting.
By proceeding in such a way the Tag agent memorizes for each word reference
(representing one word sense) the number of links towards any reference of the text
words.
By scanning the results reported by figure V.11 we can infer for example, that the word

TV maintains 2 links with the other text words and this via its sense referenced as
06194755. In the same way we depict 3 links among broadcasting and some text words
through its reference 06194172.
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state n 8 7 @ ~ #m %m %p = ; 8 8 08065574 08533584 08056156 00023591 08027194
08426193 13802433 14286931
0806557 08533584 08056156 00023591 0802719 0842619 13802433
14286931
4
4
3
0
0
0
0
0
0
0
0
radio n 3 6 @ ~ #p %p + - 3 3 06194610 03998442 03996253
03998442
03996253
06194610
0
0
1
television n 3 7 @ ~ #p %p + ; - 3 3 06194755 04353865 04352389
04353865
04352389
06194755
0
0
2
establishment n 7 7 @ ~ #p %m %p + ; 7 5 00233278 07943952 08052497 03262760 07965860
13302779 05753490
00233278 07943952
08052497 03262760
07965860 13302779 05753490
0
0
0
0
0
0
0

TV n 2 6 @ ~ #p %p ; - 2 2 06194755 04353865
04353865
06194755
0
2
channel n 8 5 @ ~ %p + ; 8 2 06177977 02976499 13708905 09108600 06178200 05188091
02976792 01098861
0617797 02976499
13708905
0910860 06178200
0518809 02976792
01098
7
0
1
861
0
0
0
0
0
0
0

network n 5 5 @ ~ %p + ; 5 3 08319824 03777829 03776950 03778305 03778083
08319824
03777829
03778305
03778083
03776950
0

0

1

0

0

monopoly n 3 4 @ ~ + ; 3 2 14252576 14252364 00500087
14252576
14252364
00500087
0

0

0

broadcasting n 2 3 @ ~ - 2 1 06181993 06194172
0618199306181993
06194172
0

3

Figure V.11: The WordNet investigation for the text above

broadcasting n 2 3 @ ~ - 2 1 06181993 06194172
06181993 10 n 02 broadcast_medium 0 broadcasting 1 006 @ 06179647 n 0000 -c 00963347 v
0000 -c 00963821 v 0000 -c 00964019 v 0000 -c 00964179 v 0000 -c 00964322 v 0000 | a
medium that disseminates via telecommunications
06194172 10 n 01 broadcasting 0 007 @ 06189253 n 0000 -c 00380531 n 0000 -c 03777829 n
0000 ~ 06194377 n 0000 ~ 06194610 n 0000 ~ 06194755 n 0000 ~ 06198307 n 0000 | taking
part in a radio or tv program
Figure V.12: Sample of one WordNet file

By investigating the final results we can draw the following conclusions. Some words
fall in the dummy list since they maintain no direct link with any literal text term. It
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deals with: {state, establishment, channel, monopoly}. Hence, the dummy words are
discarded and are no longer considered during the text topic detection.
For the remaining words which are expected to have at least one link with any non

dummy word, we update their initial frequencies by accounting for the number of links.
Thus, we get the following freqUpdat scores: Radio (4), Television (3), TV (3), network
(2), broadcasting (5).
Then, we look for the terms which fulfil one of the conditions cited above and this by
computing the relatedness score for the word having the maximum freqUpdat value:
R(broadcasting) = 5/7=0.71. By setting the threshold to 0.55 (determined empirically)
and according to the algorithm described above, we draw the conclusion that the topic is

broadcasting.
To sketch the semantic relatedness of the text words we provide the following graph.
State

Establishment

Broadcasting
Hypernymy/ Hypernymy

ERTT

Topic-domain

TV
Hypernymy/ Hypernymy
Synonym

Network
Monopoly

Television

Channel

Radio

Figure V.13: The semantic network associated to the text. The yellow dots are the dummy points

V.5

Stage 3: Delegation

Reaching this stage of the data enrichment process, each Tag agent maintains a
set of segments each of which labelled with its topic it tackles within its associated
segment. In order to manage these text segments we intend to process each topic apart.
Indeed, to each topic already retrieved, it corresponds a subset of textual segments
maintained by different Tag agents. Hence, we decided to gather the segments
thematically similar to get all the details relative to each topic. This, leads to a
straightforward processing of the text segments.
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Thereafter, it remains to choose one Tag agent to be responsible of managing the
segments relative to the same topic. The management ranges from the segments
collection to performing the rest of data enrichment stages.
By the way, a delegation process is operated by the supervisor which may be the Iag
agent (case of one geographic entity) or the concerned Gag agent (whether a zone is
handled).
As a matter of fact, by receiving the topics depicted by the Tag agents, the supervisor
forms pools of themes each of which is composed of the potential Tag agents’
identifiers. To each resulting pool, the supervisor looks to affect a delegate to be
responsible of managing the texts relative to the associated topic. The delegate is a Tag
agent and hopefully one of the potential Tag agents of the topic under scrutiny.
The delegation process is sketched by the skeleton algorithm shown in figure
V.14. The delegation process takes the list of theme pools as entry to the algorithm.
Then, the supervisor agent computes the cardinality of each theme pool. This reflects
the number of potential Tag agents relative to each topic. The delegation process begins
by considering the theme pools with minimum cardinality. For instance, the supervisor
agent considers at first the pools having just one potential Tag agent that is the pools
having as cardinality value equal to one.
By assigning these unique candidates to their corresponding themes, each Tag
agent already affected is discarded from all the pools where it participates. We do so, to
bring the chance to all the Tag agents to participate in the rest of text processing. Our
prime intention is to attribute one theme per Tag agent, which is not usually achievable.
This process is reiterated till either all the themes are affected to some Tag agents or it
remains some themes not yet affected meanwhile all the theme pools are already empty
(all the Tag agents are already affected).
In the last case, the supervisor agent starts from scratch by considering for each theme
not yet affected the whole set of Tag agents. In other words, even the Tag agents that do
not deal with a specific theme are considered as potential candidates. We do so, to
distribute equitability the rest of semantic data enrichment tasks.
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Figure V.14: A pseudo-code reporting the main steps of the delegation process

To affect the remaining themes to the Tag agents, the supervisor agent computes the cost
of each possible affectation. The cost is computed according to two criteria; the load of
work and the communication overhead. By workload we mean the text portions to be
managed by a given Tag agent. This is measured by the text length determined through
the words’ counting. We proceed in such a way because of the unbalanced size of the
segments.
The communication overhead is assessed in terms of messages to be sent to the delegate
acquaintances. Concretely, once a Tag agent is nominated as a delegate of a topic, it has
to collect all the text segments tackling this topic and which are distributed amongst the
other Tag agents. To achieve this, it will send as many messages as the number of its
acquaintances corresponding to a given topic.
Formally, the cost function is expressed as follows:

f (s ) = α workload + δ communication
Where, s is a given allocation, α and δ, are the weight coefficients determined
experimentally. The workload is defined as follows:

workload = ∑ ∑ segment − size ij
i

j
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Where; i ranges over the set of topics already affected to Tag agent, j ranges over the
identifiers of the set of all Tag agents tackling topic i and segment-sizeij, is the size of a
segment retrieved from the text of the Tag agent j and dealing with topic i.
For the communication, it is defined as below:

communication =∑β

With β =1 and j ∈ acquaintances of the affected Tag agent

j

This communication is set to zero whenever a Tag agent is assigned to a topic that it
tackles in its document. For a Tag agent assigned as a responsible to some themes that it
doesn't discuss in its document, the communication cost is increased. The latter is set
equal to the number of agents dealing with the same theme under its responsibility (its
acquaintances).
We do so to penalize every assignment of a theme to a Tag agent that it doesn't tackle in
its document and to promote its affectation to one of its potential Tag agents
To affect the Tag agents to the themes, the supervisor agent has to minimise the cost
entailed by the function f. This is achieved by operating a trade-off between the
workload in such a way to distribute with equity the text processing between all the Tag
agents and the communication overhead by trying to affect each Tag agent to the topics
that it tackles along its document.
Once the delegation process is over, we have a set of delegate agents each of
which is responsible of a subset of topics. Each delegate agent has to undertake the rest
of the processing of the text segments corresponding to the topics under its jurisdiction.
To do so, each delegate agent proceeds to the collection of the segments scattered
among the Tag agents and which are relative to all the themes under its responsibility.
Then, it maintains one generated document per topic it governs. The rest of the text
processing, the delegate agent is expected to do will be performed on these resulting

generated documents.
V.5.1

Illustration

Given:

♦ The society of Tag agents :{ A1, A2, A3, A4, A5}
♦ The topics per Tag agents : A1<tx, ty, ta, tz>; A2<tb, tc, ta>; A3<tb, td, ta>; A4<tx, ty,

ta, td >; A5<tw>
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The Delegation process can be detailed as follows.
The supervisor agent generates the following theme pools referenced by the theme
labels: ta<A1, A2, A3, A4>; tb<A2,A3>; tc<A2>; td<A3,A4>; tx<A1, A4>; ty<A1,A4>; tw<A5>;

tz<A1>.
The supervisor agent determines the cardinality of each theme pool and attributes
accordingly a delegation priority : tc(1), tw(1), tz(1), tb(2), td(2), tx(2), ty(2), ta(4).
The pools with the highest priority; tc, tw, tz are affected at first. Table V.1 reports
different steps followed to affect these topics to the Tag agents involved in the data
enrichment process.
Step

Topic

Candidates

Tag agent status

Topics to affect

1

tc

A2

affected

tw , tz

tw

A5

affected

tz

tz

A1

affected

Ø

Next : tb, tx, ty
2

tb

A3

affected

tx, ty

tx

A4

Affected

ty

ty

Ø

Not Affected

ty

Next : ta, td, ty with all the Tag agents affected
3

td

{A3, A4}

A3 affected

ty, ta

ty

{A1, A4}

A1 affected

ta

ta

{A2, A4}

A2 affected

end

Table V.1: Delegation decision

At the end of the step 1 all the topics; tc, tw and tz are affected to A2, A5, and A1,
respectively. Then, these Tag agents are removed automatically from all the theme pools
were they are involved. That is, from ta, tb, tx and ty. The cardinalities are adjusted as
follows: tb(1), tx(1), ty(1), td(2), ta(2).
Once the step 2 is over, A3 and A4 are affected to topics tb and tx, respectively. Although,
the topic ty is not affected since its unique potential Tag agent is already affected to tx.
At this level, we are in front of a set of Tag agents all of them are already affected
whereas a subset of themes is not yet affected. To cope with this situation, the
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supervisor agent reconsiders all the Tag agents as potential candidates for each non
affected theme.
At this level of the delegation process we reconsider all the Tag agents so we compute
the cost resulting from each eventual affectation (step 3). For the simplicity we do
abstraction to the workload by assuming that all of them are affected to topics which
segments are of equal size. It remains to compute the communication that depends on
the number of acquaintances. As mentioned above each affectation of topic to one of its
potential Tag agents results in null communication overhead. Whereas each assignment
to one Tag agent not dealing initially with the topic at hand results in a communication
overhead which is set equal to the number of messages to be send to the Tag agents
dealing with the same topic.
We consider the theme pool with minimum cardinality. The candidates are now
the potential agents in terms of lowest cost. We follow the same reasoning as before.
Then, we get the following assignments: td affected to A3, ty affected to A1 and ta
affected to candidate A2 (the two candidates A1 and A3 were already eliminated).
V.6

Stage 4: Text Filtering

Reaching this stage of the data enrichment process, the delegate agents maintain

generated documents stemming from the previous processing. The aim at this level is to
extract the essence of information from each generated document. The motivation
underlying this further text processing is to provide the user with more facilities in order
to go straightforward to the target information with less effort.
To perform this text filtering, each delegate agent proceeds to the analysis of the
discourse structure of each generated document under its jurisdiction. This analysis is
accomplished by following the RST framework.
In what follows, we first highlight the RST framework, and then we report our
exploitation of this theory to carry out the text filtering stage.
V.6.1

Rhetorical Structure Theory

The Rhetorical Structure Theory (RST) is a theory of text organization created in
the 1980’s as a result of exhaustive analyses of texts [Mann & Thompson, 1987; Mann
& Thompson, 1988]. Since that date, the theory has enjoyed a large following,
especially in computational linguistics, where it is often used to plan coherent texts and
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to parse the structure of texts. The central contention of Mann and Thompson’s RST is
that a text is coherent mainly by virtue of the rhetorical relations which link together its
various sub-parts. The claim is that any coherent text can be viewed as a set of text
spans of different sizes and that these spans can be linked to one another by an
hierarchical arrangement of rhetorical relations.
Mann and Thompson assert that rhetorical relations are sufficient constructs for
the text analysis purposes (except unusual texts like poems and legal documents).
According to them, the text can be broken down into some minimal non-overlapping
units between which there exist some relationships (elaboration, justification,
contrast…). These units are text spans that may be sentences or sentence clauses. RST
presumes that every paired span is linked by a single rhetorical relation.
Unlike previous claims, the RST authors argue that the relationships above-mentioned
are sometimes mentioned without using any linguistic devices. Once the latter are used
they are commonly known as cue phrases or connectives such as; for example, but,

although, because…
The relations that hold between the spans are defined functionally. That is, they
depend on the intention of the writer in terms of the target effect while putting any two
spans side by side. RST relations taxonomy can be generalised into two major classes:
the subject-matter and presentational relations.

Subject-matter (semantic) relations are those which the expected effect is to make the
reader recognise the relation at hand. For instance, by relating two consecutive units by
a sequence relation, the resulting effect is to make the reader recognises that the units
present events occurring in sequence.
For the presentational (pragmatic) relations they are intended to arise some inclination
in the reader. For example, a motivation relation when revealed, it has to increase the
reader’s motivation behind performing the action mentioned in the text.
In the literature, the set of relations was proposed on the basis of empirical work with a
wide variety of texts. Nevertheless, RST does not claim that this set is to be closed.
When coping with a text structure, the RST relies on the concept of nuclearity. This
concept announces that when used, a rhetorical relation besides standing for the
relationship holding between the two text spans, it informs us about which span is more
important according to the author point of view. This span is referred to as the nucleus.
The other span that is considered less important is, the satellite. In other words, by
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removing the satellite the text remains still comprehensible. In contrast, removing the
nucleus of a rhetorical relation yields to an incomprehensible text. This distinction
among the nucleus and the satellite units, results from empirical observations issued
from textual corpora. However, Mann and Thompson argue that there are few
exceptions to this rule. Some relations, such as contrast and joint are multi-nuclear. That
is, they stand for relations between units of equal importance (two nuclei).
Hence, the relations fall into two classes: paratactic (called also symmetric or
multinuclear) relations which hold among several nuclei and hypotactic (known also as
asymmetric or mononuclear) relations that hold between one nucleus and one satellite.
Given all these concepts, a tree structure can be build for every text. RST builds tree
structures on top of rhetorical relationships that hold among minimal units of a text and
recursively among larger units as well. The root of an RST tree encompasses the whole
text under scrutiny.
A rhetorical structure tree is a binary one whose leaves denote elementary textual units
and whose internal nodes correspond to contiguous text spans. Each node has associated
a status (nucleus or satellite) and a rhetorical relation (commonly denoted type) holding
between the text spans that node spans over.
For the illustration, we consider the following piece of text: “This site is not suitable to

set up a nuclear plant because it may damage the plantation”.
Figure V.15 displays the corresponding RST tree in the Mann and Thompson style.
According to the RST framework, this text is decomposed into two units related by a
justification relation as follows: [This site is not suitable to set up a nuclear plant1]

[because it may damage the plantation.2]

Figure V.15: The RST tree of the text

Although the original RST statement is general enough to account for a wide
range of texts, it lacks an explicit announcement concerning long distance relations
between text spans. To cope with this situation and capture such relations, Marcu
[Marcu, 1997] has augmented the RST framework with a strong compositionality
criterion of valid text structures. This is stated as follows: If a rhetorical relation R
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holds between two textual spans of the tree structure of a text, that relation also holds
between the most important units of the constituent spans.
As claimed by Marcu, this statement is effectively incorporated in the RST principles as
being implicitly derived from the nuclearity concept.
Moreover, stemming from this extension of the RST statements, the joining of other
information at the level of each tree node. It deals with the promotion attribute revealing
the set of units that constitute the most important parts of the text that is spanned by that
node. Then, by convention, at the leaves nodes the promotions are the elementary units
themselves. At each internal node, the promotion stands for the nucleus of the relation.
Figure V.16 is an illustration of what generally an RST binary tree looks like.

Figure V.16: A skeleton of a binary RST tree

To clinch our background study, we formulate the text structure derivation according to
the spirit of the RST formalism as follows:
Given a set of m minimal non-overlapping units: U= u1, u2, …, um and a set of
relationships

RR / RR= RRparatacticU RRhypotactic. RR holds between both minimal text

spans and large contiguous ones. Each ui involved in RR and according to the degree of
importance the writer associates to it, is attributed the status N for nucleus or S for
satellite. RR type is then inferred; N-N or N-S (or S-N) for RRparatactic or RRhypotactic
relations, respectively. The task is to derive the valid rhetorical text tree obeying to the
statements above.
V.6.2

Filtering through text structure analysis

By adopting the RST theory, the delegate agent derives the sequence of
elementary units and the set of rhetorical relations that hold among these units. By
doing so, it has all the ingredients to pick out the essential material and to discard all
subsidiary information from the generated documents. Along through this filtering, we
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adopted the standard definition of Mann and Thompson RST-tree augmented by the
compositionality statement provided by Marcu.
Our major idea relies on the fact that a thorough insight to the RST framework,
reveals that by extracting the root content of the RST tree and more precisely the root
promotion unit, one can get an abridged representation of the text. Indeed, Mann and
Thompson have claimed that RST is one way to summarization. Later, this was
confirmed by [Marcu, 1999].
Before going forward, we have to notice that, whereas we are aware of the
elaborated algorithmic solution to the RST structure derivation proposed by Marcu, we
didn’t adopt it. In fact, Marcu was mainly concerned with a grounded formalisation of
the RST structure derivation. Based on this formalisation he hypothesises different valid
trees for a text. From these hypotheses, he derives a set of trees to which he affects a
preference weight. Proceeding in such a way is prohibitively a time consuming task.
Concerning our proposal, it’s a more lenient and soft process which is based mainly on
unambiguous assumptions. Indeed, we have to put in mind that the text filtering is one
stage in the data enrichment flow. Then, it is essential to propose means supporting the
user during its informational query with less cost namely in terms of time consuming.
Nevertheless, the major resolution steps are common between our work and the one of
Marcu since both of them rely on the RST statements. The major steps of the algorithm
we propose to perform the filtering stage are highlighted in Figure V.17.
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Figure V.17: The main text filtering steps

To derive the RST structure of the texts, we use the sentence like units and clause like
ones. For the rhetorical relations, they are predicted mainly through cue phrase
detection. For the adjacent sentence units that are not linked by cue phrases, we
compute the similarity among them to be able to infer the nucleus unit.
The first step undertaken by the delegate agent is to break the generated

document into sentence-like units. This is determined by depicting the punctuation
marks commonly used to mark the sentence boundaries, such as period, exclamation
mark, question mark (obviously we take into account of some exceptions like the
abbreviations Mr., e.g. and so forth). By scanning through the resulting sentences, the
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delegate agent depicts all the cue phrases that occur within them. This serves to identify
the clause-like units that span over the sentences.
The following sentence is an illustration showing how the cue phrase detection
makes clause breaking a manageable task.

“Although Tunisia has reached a considerable progress, more economic investment
efforts have to be devoted for further development.”
By inspecting the given sentence, we identify the cue phrase Although. Hence, the
delegate agent breaks the sentence under test into two clauses. One ranging from the cue
phrase till the first encountered comma and the second clause is delimited by this
comma and ends at the level of the period.

“[Although Tunisia has reached a considerable progress,1] [more economic investment
efforts have to be devoted for further developpement.2]”
Concretely, to allow the clause like breaking, we stored all unambiguous cue phrases
that have a discourse usage along with the important material necessary for such a task.
The investigation of the literature has revealed that the discourse usage could be
distinguished just by considering the orthographic environment in which the cues occur.
To be able to exploit the cue phrases, we stored the cue phrases and the associated use
cases in a database. To each cue, it may correspond one or more entries in the database.
The database is mainly a one table denoted Markers having the following structure:

♦ ID: is the identifier needed to distinguish different entries of the same cue phrase.
♦ CUE: refers to one instance of a cue phrase (like; but, although,…) used to
identify the rhetorical relation that may link the textual units.

♦ BEFORE: indicates the orthographic environment that is located before the cue
phrase like punctuation.

♦ AFTER: determines the orthographic environment that is located after the cue
phrase like punctuation.

♦ RELATION: refers to the label affected to the rhetorical relation linking two units
and that is commonly signalled by the corresponding cue.

♦ WHERE TO LINK: informs about the unit to which the current unit (containing
the cue phrase) is to be linked. There is two values; A and B. B announces that the
unit at hand is to be linked with the one that proceeds it. For A, it refers to a
situation where the rhetorical relation links the current unit with its successor.
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♦ TYPE: the relation can be of the type: N-S, S-N or N-N. N denotes a nucleus unit
and S a satellite one. N-S and S-N, stands for a mononuclear relation while, N-N,
denotes a multinuclear one.

♦ Breaking: provides instruction about the clause like breaking to operate on the
sentence at hand. We depict the following actions; no breaking, forward,

backward or forward-backward. The first action is obviously to perform no
clausal decomposition; we maintain the sentence. Forward signals an action of
delimiting clause units one starting from the occurrence of the cue till the
occurrence of a comma. Another unit from this comma to the end of the sentence.
The third action which is backward, gives instruction to settle a unit before the
current cue obviously bounded at the left by the sentence ending. Another unit is
set up from the cue to the end of the current sentence. Ultimately, forward-

backward instructs to set two clause units before and after the cue which is
normally observed at the middle of the sentence.
Each time a cue phrase is detected, a sentence is checked against the database.
Obviously, we look to find an entry relative to the cue at hand which reveals a matching
between all the record fields.
In what follows, we give a sample of the database concerning the entries of the cue

although (table V.2). For the sake of clarity, we argument each cue record by an
illustrative example. Ponc stands for the punctuation that occurs at the beginning of a
sentence. This may be tabulation, a period, or a new line. T refers to a text portion.
Id

Cue

Before

2

although

ponc&T&”,” T&”.”
Concession
B
Example: The river dries, although it rains.

3

although ponc
”,”
elaboration
B
N-S
no-breaking
Example: Developing countries have crossed many steps towards the economic

1

After

Relation

Where Type Breaking
-tolink
although ponc
T&”,”
Concession
A
S-N
Forward
Example: Although the workers are working hard, the building is not yet achieved.
N-S

Backward

development. Although, this was not easy at all.
Table V.2: A sample a Makers database

The first entry encoding one use of although is decoded as follows. The cue phrase

although is surrounded before by an orthographic environment that is one instance of
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punctuation. It is followed by a text span and a comma. This cue signals a concession
linking the unit where it occurs and one unit located after it. The unit to which the cue
pertains is the satellite and the second unit is the nucleus. All these information, instruct
the delegate agent to perform a breaking in a forward fashion.
Till now we have bounded our tree structure derivation to the existence of cue
phrases. Nevertheless, this is not usually the case. Sometimes, the writers gather textual
constituents which are free of cue phrases in a coherent manner. In such a case, the
writer is considered to talk about a subject that he tries to develop (elaborate) further as
he goes forward in the text. Also he can report information that are related by joint
relation rather than elaboration. Hence, only the elaboration and joint relation can be
captured. Indeed, without using explicit cue phrases, it is impossible to distinguish
automatically other rhetorical relations. This lack of linguistic clues makes impossible
the distinction of the rhetorical relation and the settlement of the nuclearity principle. To
distinguish the elaboration relation from the joint relation we compute the similarity
amongst the concerned adjacent textual units. Whenever the two units are similar
(according a threshold) we consider that they convey the same information. That is an

elaboration links them. Then, we can keep only one of the two units. We can choose
randomly any unit; the left side unit or the right side one. Another alternative is to select
the lengthiest unit which is deemed the more worth informing.
Relying on empirical observation, we choose the unit found on the left side. The
ground behind this decision is that, naturally the writer announces the main idea first
then he leans on elaborating it in the ongoing units situated on the right side.
In contrast, if by computing the similarity we are in front to two dissimilar units, we
conclude that they are linked by a joint relation. Hence, both units are of equal
importance (nuclei). Then we maintain the two units.
To compute the similarity, we have conducted an investigation relative to the
similarity computation dedicated to textual data. We have found that the cosine
similarity outperforms the others. Given two textual units: tunit1 and tunit2, the similarity is
expressed formally as follows:
r
r
tunit1 × tunit 2
Similarity (tunit1, tunit2)= r
r
tunit1 × tunit2
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r
Where tunit1

r
r
r
and tunit2 are the norms of the textual units vectors tunit1 and tunit 2 ,
r
r
respectively. tunit1 and tunit 2 are the vectorial representations of tunit1 and tunit2,

respectively.
To make the automation of the RST tree building more straightforward, the
delegate agent generates an XML file for the text at hand. The structure associated to
this file is as follows (figure V.18).

Figure V.18: The XML mapping of a text (CLU means clause unit)

To generate such XML file for a given text, we rely on the aforementioned steps namely
the sentence delimitation, the eventual cue phrase detection and the resulting clause-like
breaking instructed by the database records.
The tree building (figure V.17) is triggered by parsing the XML file relative to
the text at hand. Concretely, we distinguish three major steps which depend upon the
current tree level we have reached. Especially, we define different processing for the
three following situations: (i) being at the bottom level that we denote level 0, (ii) being
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at the level found one step above level 0 (denoted level 1) and (iii) being somewhere at
one level beyond (from level 2 to the tree root level).
At level 0, the XML CLU tags are mapped to the tree nodes and more precisely
the leaves. Hence, each leaf node is attributed a type. Conventionally, the type is “leaf”
since it is the first level. The status gets the value of the XML tag status. Besides these
XML-based information, the promotion attribute is added. At level 0, this receives the
content of the XML CLU tag associated to each leaf.
At level 1, we use the XML file just to instantiate the type information
associated to the internal nodes. This is extracted from the XML relation tag linking the
corresponding child nodes. Obviously at the current internal node this relation holds
between the promotion units derived for each one of the associated children. We notice
that the status of an internal node at this level is deferred one step ago. We proceed in
such a way because an internal node must be compared with another internal node at the
same level for a nuclearity derivation. Then we have to postpone this comparison till the
construction of all the other internal nodes holding at level 1. For the promotion it is
inferred from the statuses of the children located one level below (level 0). It is set to
equal to the child span marked as a nucleus.
From the third level (level 2) and beyond the XML is no more exploited.
Already, all its tags are used to instantiate the nodes fields generated at the previous
levels. The type of the relation holding among the spans represented by the internal
nodes is derived by relying on the database content or by computing the inter-nodes
similarity. For the nodes’ statuses, they are deferred one step above as done at level 1.
The node promotion unit is set equal to the nucleus represented by one of its children.
This processing is repeated as we go one level above till we reach the root which
represent the whole text.
We recall that the tree building in an RST fashion is a way to derive the text
structure to reach the essential text spans representing the text at hand. As argued by
Mann and Thompson and latter by Marcu the root stands for the whole text and it holds
the information concerning the most salient unit. This is conveyed by the promotion unit
associated to the root. Furthermore, by sweeping the generated tree in a top down
fashion we can extend the set of the most salient units to retrieve by joining each time
the promotion unit found one level below.
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Concretely, almost all the generated documents incorporate more than one segment, so
we propose to the GIS user a customized filtering. Hence, the user can filter the whole

generated document or just one or more selected segments. By selecting more than one
segment, we have to take care of the redundancy which is likely to occur.
By doing so, we attempt to maintain only the dissimilar fragments of the text. This is
achieved by computing the similarity among the selected segments using the cosine
metric.
Once the filtering is over, that is, all the delegate agents have filtered the generated

documents under their jurisdictions, the condensed text extracts are maintained by the
direct supervisor (the Iag agent or the concerned Gag agent).
Ultimately, all the condensed text extracts are dispatched towards the GIS user by the

Iag agent to judge its relevancy according to his requirements. In the case of
unsatisfaction, the user can launch the refinement process as another attempt to reach
the relevant information.
V.6.3

Illustration

To illustrate the text filtering process we give this piece of text:

[The investment incentives are substantial and vary depending on the field in which the
enterprise engages and the concerned industry

U1

]. [For example, the investment

projects are entitled to a suspension of VAT and sales tax on locally produced
equipment.

U2

] [Although many fields benefit from these incentives,

U3

] [the projects

relating to mining, energy and finance are not concerned. U4]
The XML mapping of the text is given by figure V.19.
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A

B

Figure V.19: An XML representation of the text

The text under scrutiny can be divided into four non-overlapping elementary
units denoted by U1, U2, U3 and U4. Each unit is mapped as a node (figure V.20). The
textual units U1 and U2 are linked by the exemplification rhetorical relation. The latter is
inferred by detecting the cue phrase for example and by scanning the associated entry in
the database. Unit U1 plays a central role and U2 is a subsidiary unit. In other words, U2
is just an example relative to what is announced in U3. Scanning the sentence 2, the
delegate agent picks out the cue phrase and extracts the corresponding entry from the
Markers table. Checking the associate entry reveals that a concession relates the unit U3
to U4. Then, it is straightforward to infer that U3 is the satellite and U4 is the important
unit, the nucleus.
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Using all these information, the delegate agent generates an XML file to the text
at hand. By parsing the XML file the tree leaves are generated and attributed the
information abovementioned (figure V.21 level 0). By moving forward one level above,
the internal nodes are generated. Each one of them representing a contiguous span
spanning over the units found one level below and which are involved in the
comparison. Hence, from the XML fields we instantiate the type attributes associated to
each internal node. The node corresponding to span [U1-U2] has as type exemplification
the promotion stands for the nucleus unit involved in the span: U1. In the same way, the
span [U3-U4] attributes are filled: the type is a concession and the promotion is set to U4.
Reaching the level 2 (the root) the two previous spans are compared. Because no cue
phrase links the two spans, the similarity is computed. Evidently, the similarity score is
low due to distinct words in the two spans. So, a joint relation is inferred and the two
spans are set nucleus. At the root, the promotion is the union of promotions of the
involved spans; U1 and U4. The relation is joint and the type is set to nucleus or satellite
depending on the role the span [U1-U4] plays regarding another span.
By going over the tree in a top bottom fashion, the delegate agent extracts the
promotion units at the root which stand for the essence of information in the text. It
deals with the following text fragments:
The investment incentives are substantial and vary depending on the field in which the
enterprise engages and the concerned industry.
the projects relating to mining, energy and finance are not concerned.
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Figure V.20: A rhetorical tree of the text

V.7

Refinement process

Once the knowledge embedded into the corpus of on-line documents are
retrieved, the user can judge the relevancy of the results according to his expectations.
As we have mentioned along through this dissertation, the purpose of our semantic data
enrichment process is to alleviate the GIS user in quest of information from many tasks,
namely, finding the more relevant documents, reading the huge mass of collected
documents, locating the more salient informational zones within these documents and
extracting the essence from these zones.
Indeed, sometimes the data enrichment process is fruitless. This may be breed
from the information retrieval step. This step can be blemished by a lack of information
or a certain ambiguity; hence the decision can't be made. In the first case, we have to
deduce the information from the available ones. In the case of ambiguity, especially
when the same noun refers to more than one geographic entity; the GIS user is
overwhelmed by a large set of non relevant documents.
To obtain the desirable information relative to the target entities, one has to describe the
latter in an accurate way. By doing so, we have more chance to retrieve the relevant
documents. In other words, whenever the data enrichment results are not satisfactory
enough, the user has to locate in a more accurate fashion the geographic entity. In fact,
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since the geographic entities are not disparate rather they have spatial relationships with
the other entities, one can exploit the spatial relationships [Mahmoudi & Faïz, 2006b] to
better locate them.
The idea is to examine the vicinity of the geographic entity subject of the data
enrichment in order to disclose the geographic entities that have some relations with it.
Our argument is the first law of geography that describes the nature of geographic
systems in which: “everything is related to everything else, but near things are more

related than distant things” [Tobler, 1970].
To perform this refinement, we exploited the following spatial relationships: adjacency,
proximity, connectivity, nearest neighbour.
The adjacency refers to the state or quality of laying close or contiguous. It is the
sharing of a side or boundary by two or more polygons. Hence, adjacency analysis (or
contiguity analysis) is the operation of identifying and selecting geographic features that
lie near or next to each other.
For the connectivity, it is a topological property which indicates how geographical
features relate spatially to one another. The topological identification of connected lines
is established by recording the `from' and `to' nodes for each line. Hence, lines that
share a common node are said to be topologically linked. Connectivity analysis
identifying areas or points that are, or are not, connected to other areas or points by
tracing routes along linear features. Connectivity is then useful in network analysis.
Concerning the proximity analysis, it allows selecting geographic features (points, lines,
or polygons) based on their distance from other features. The distance values are used to
deduce the nearest neighbour.
Besides these relationships, we exploited the overlaying operation. As mentioned in
chapter 2, Overlay analysis is the process of superimposing two or more layers, such
that the resultant maps contain the data from the input maps for the selected features.
Hence, this allows matching different data layers for the same geographic area, which
enables us to visualize the interactions among the different data. That is, to show the
relationships between features that occupy the same geographic space.
In the sequel of this section we give some exploitation of the spatial relationships in
order to better locate the geographic entities at hand and by the way to refine the data
enrichment results.
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One scenario concerns a GIS user who is looking for information about the
contamination state of a river. If the user fails to find such information in the documents
relative to the river, it will be intersecting to exploit the connectivity relationship. The
state of the connected branches may be worth informing about the state of the river
subject of the query. Hence, we enlarge our investigation space to look for information
through documents relative to the related entities according to the connectivity
topological relation. By the way, the GIS user can make decision about the state of the
river or the measurement to undertake to prevent eventual contamination.
Another spatial use case, is to profit from the overlay analysis. Assume that a GIS user
is handling a GDB relative to birds’ dispersion all over the world, and that our data
enrichment process is not satisfactory enough for one of the reasons mentioned above.
The user can refine the results by overlaying the layer of birds’ dispersion and the one
of countries to define the area where both inputs overlap and retains a set of potential
attributes. The intersection points are the search keys that are likely to return the
relevant documents. More precisely, the couple of identifiers relative to the birds and
the country contribute as the components of the key used for the information retrieval
that are likely to guide the user towards the relevant documents.
The ambiguity is another problem that confronts the user during the data
enrichment process. One illustration of the ambiguity is a name which can refer to more
than one geographic entity; this is the case with the name Carthage. We notice that the
results of the information retrieval session about Carthage (here we are looking for the
historical city of Tunisia) returns about 8670000 documents. These results are huge to
be handled in a reasonable time and a large subset of the resulting documents is not
relative to our geographic entity. In fact, many documents are not relevant to Carthage
of Tunisia, for instance, some documents are relative to Carthage city located to the
U.S.A. (www.carthagetx.com). We notice that even the user has indicated the precise
location in the query, it is likely to retrieve documents that are irrelevant to the
geographic entity under test. For instance, even we mention Tunisia with Carthage in
the search key we have a non negligible subset of non relevant documents. This occurs
because sometimes the term Tunisia is mentioned only to highlight the origin of the
term Carthage.
To deal with such situations, we can exploit one of the spatial relations mentioned
above to describe the geographic vicinity of the city. The surrounding geographic
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environments are no way to be the same. The references of the detected geographic
entities are to be used to enhance and refine the results.
Whatever the scenario dealt with, the refinement involves the simple processing
described in figure V.21. Even though simple, the excepted results from this processing
in terms of accurate description of the entity with respect to its environment is to raise
the system reliability. This is ensured by the time saving and the relevancy of the
returned results.

Figure V.21: The refinement reasoning

With the repetitive use of our semantic data enrichment system, the user becomes aware
of the general workflow which is triggered by retrieving a preliminary information set
to enrich the GDB and followed eventually by a solicitation of refinement in case of
unsatisfactory results. Then, he can notice that sometimes, it would be more adequate to
perform the refinement as a first step. Indeed, locating accurately from the start the
geographic entity within its environment would be more profitable. This is a potential
way mainly when the user is aware of the ambiguity that shape the search meanwhile he
hasn’t a clear vision of the environment surrounding the entity. Thus, the refinement can
be triggered at first to pick out the entire components standing for the key search that is
more likely to lead to reach the relevant documents and by the way to retrieve the
relevant information to complement the GDB.
V.8

Conclusion

In this chapter, we have exhibited the text processing details achieved during the
semantic data enrichment process to enrich the semantic aspect of geographic databases.

168

Chapter V. Our semantic data enrichment approach: From the processing perspective

Our approach doesn’t merely fuse or integrate sources of data but it extracts knowledge
from data sources and especially from textual documents. This knowledge extraction
bears on a distributed text management system, used to keep only the gist of
information from a corpus of documents. The main stages undertaken to reach this
objective are: text segmentation, theme identification, delegation and text filtering.
Besides these substantial processing stages, we have proposed an additional stage; it
deals with a refinement of the already retrieved results. This refinement exploits the
spatial aspect inherent to geodata in an attempt to find more descriptive attributes that
are likely to guide the user towards the relevant documents describing the geographic
entity at hand.
In the subsequent chapter, we describe the SDET tool developed to put in use
our semantic data enrichment process. Furthermore, we report the evaluation of the
main subsystems of SDET.
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Chapter VI

Simulation and evaluation results

VI.1

Introduction

To allow the exploitation of the devised semantic data enrichment approach, we
developed the SDET tool. This tool allows complementing the GDB semantic aspect by
providing many facilities to the GIS users to reach additional and valuable information.
Concretely, it deals with an implementation of all the data enrichment stages described
along through this dissertation.
In what follows, we introduce in section 2 our SDET tool. In section 3, we
describe the dataset used during the SDET running sessions. Section 4 is dedicated to
present the OpenJUMP GIS software to which our SDET functionalities have been
integrated. The SDET functionalities are reported in section 5. Section 6 is devoted to
the evaluation issue. First, we deal with the evaluation of each field related to each one
of the subsystems of the SDET. Then, we report the evaluation scheme we adopted and
the results generated by our system.
VI.2

Semantic Data Enrichment Tool (SDET)

To perform the data enrichment process detailed in the previous chapters, we
have developed the SDET tool [Mahmoudi & Faïz, 2006a; Mahmoudi & Faïz, 2007].
SDET stands for Semantic Data Enrichment Tool. The SDET tool consists of a set of
functionalities. It deals with: first, the process launching; second, the identification of
the segments and their relative themes and third, the extraction of the gist of the text.
Along with these functionalities, our tool offers a refinement facility which may be
triggered in demand by exploiting the spatial relations.
The SDET functionalities have been implemented and integrated into a GIS,
namely, the OpenJUMP. The implementation was performed using the Java
programming language and this to comply with our distributed architecture. Indeed,
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Java supports the multithreaded programming. A multithreaded program contains two
or more parts that can run concurrently.
In the remainder we describe the dataset used during a SDET running session.
Then, we present the OpenJUMP GIS software to which our SDET functionalities have
been integrated. Finally, we detail the SDET tool functionalities.
VI.3

Dataset

The spatial data can be stored in different data file formats. In our work, we have
used the shapefile data file format. In what follows, we outline this format and we
present the structure of the used dataset.
VI.3.1 The shapefile format

A shapefile [Lépinard, 2008] is a special data file format that stores nontopological geometry and attributes information for the spatial features in a dataset. The
geometry of a feature is stored as a shape comprising a set of vector coordinates in a
location list data structure (LLS). Shapefiles can support point, line, and area features.
The latter are represented as closed loop polygons. Each feature in a shapefile
represents a single geographic feature and its attributes. A shapefile consists of dataset
used to represent a set of geographic features such as streets, hospital locations, trade
areas, etc.
A Shapefile stores geographic features and attribute data as a collection of files
having the same prefix and different extensions. A shapefile consists of a main file
accompanied with an index file and a dBASE table (other files are eventually provided).
The main file is a direct access, variable-record-length file in which each record
describes a shape with a list of its vertices. In the index file, each record contains the
offset of the corresponding main file record from the beginning of the main file. That is,
an index file allows direct access to records in the corresponding main file. The dBASE
table contains feature attributes with one record per feature. The one-to-one relationship
between geometry and attributes is based on record number.
An Example of shapefile describing the world countries (figure VI.1) consists of
the three following files: Main file: world.shp, Index file: world.shx, dBASE table:

world.dbf.
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There are numerous reasons behind using shapefiles. They do not have the processing
overhead of a topological data structure such as a topologically integrated geographic
encoding and referencing (TIGER) file. Besides, they typically require less disk space
and are easier to read and write.

Figure VI.1: A shapefile example (the commonly used standard world map)

VI.3.2 The world shapefile

The world shapefile shown in figure VI.1, was used as a data file during the
SDET sessions. Our shapefile relative to the word map has the following structure
(figure VI.2). Geometry refers to the shape of the geographic entity which may take one
of the spatial types namely; area, point and line. Name is the name of the geographic
entity which is the country name. Capital is the country capital. Approx, stands for the
population number. Area, is the area of the country. A sample of the world database is
shown in figure VI.3.
Although the world shapefile is publicly used by many GIS applications, it is clear that
data reported by this shapefile are limited enough to support the decision makers in
different activities.
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Figure VI.2: The attributes associated to the world shapefile

Figure VI.3: A sample of the records describing the world countries associated to the world shapefile

VI.4

OpenJUMP GIS

Most requirements that can be set for a GIS can be satisfied with free or opensource software. Recently an international foundation (OSGeo) was started to support
and build the highest-quality open source geospatial softwares.
With the broad use of non-proprietary and open data formats such as the shapefile
format for vector data and the Geotiff format for raster data, as well as the adoption of
Open Geospatial Consortium (OGC) protocols such as Web Mapping Service (WMS)
and Web Feature Service (WFS), development of open source software continues to
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evolve, especially for web and web service oriented applications. Well-known open
source GIS software includes GRASS GIS, Quantum GIS, MapServer, GDAL/OGR,
PostGIS, uDig, OpenJUMP, gvSIG, and others.
In our work, we have used the open source GIS software; OpenJUMP 13 (Java Unified
Mapping Platform). It is considered as a GUI-based application for viewing and
processing spatial data. It includes many common spatial and GIS functions. It is also
designed to be a highly extensible framework for developing and running custom spatial
data processing applications. The JUMP architecture is highly modular, reusable, and
customizable. JUMP is 100% Java, so client tools and server tools can be written that
will run on all platforms supported by the Java runtime (Windows, Linux, OS/X, AIX,
Solaris, etc). JUMP uses the Java Topology Suite (JTS) API to provide its underlying
geometry model and basic geometric operations. JUMP provides different facilities
through APIs allowing the access to all functions, including I/O, feature-based datasets,
visualization, and all spatial operations. Shapefiles are supported for both input and
output. JUMP supports important industry standards such as GML 14 and the OpenGIS 15
Consortium spatial object model. JUMP has proven to be a potential product by being
used in a large variety of applications.
VI.5

Simulation results: The Main Functionalities of SDET

Relying on these platforms and programming tool, we have built our SDET tool
which is provided as an informational support to the GIS users.
The SDET tool provides the GIS user with means to manage the texts of the documents
that are relative to the geographic entities subject of the query. The document
management ranges from documents loading in on-line or off-line fashion, text
segmentation and theme identification, to text condensation. Besides, we proposed
means to profit from the spatial relations maintained by the geographic entities to allow
the refinement of the data enrichment results.
Based on this processing, we present to the user one generated document per
topic and the relative condensed representation.

13

http://www.jump-project.org/
http://www.opengeospatial.org/standards/gml
15
http://www.opengeospatial.org/
14
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In the remainder, we report the main SDET functionalities along with the
screenshots illustrating the SDET use.
VI.5.1 Process Launching

The data enrichment process is launched once a GIS user who is looking for
information about the geographic entities is not satisfied. As shown in figure VI.4, the
user has first to choose a geographic entity (or a zone, which is a set of entities). In our
case, we deal with a shapefile format: The world map. The screenshot shows the results
of querying the GDB about the entity Tunisia.
Here the user is unsatisfied; he resorts to enrich the results by adding complementary
information. Figure VI.5 shows the launching of the data enrichment process. The user
launches an Information Retrieval (IR) session carried out by using the Google SOAP
Search API 16. This search can be generic or depending on some topics specified by a set
of keys. In fact, the user can use a corpus resulting from an anterior IR session already
stored on the disk. The retrieved corpus is to be processed by our society of agents.

Geographical Database
Figure VI.4: The GDB enquiring results

16

http://www.google.com/apis/
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Search key

Enrichment button

URLs links to the resulting corpus
Figure VI.5: The retrieval of a corpus of documents related to the geographic entity

VI.5.2 Segment and Theme Identification

The already loaded documents are processed by the agents in back office. This
processing is triggered by a text segmentation and a theme identification. The results of
this processing are shown in figure V.6. The screenshot shows the automatically
detected themes that are stored in a list. This allows the user to navigate among the

generated documents relative to these themes. Besides, we maintain mapping to the
original documents. This is useful to consult the integrity of the original documents
once the user judges that the relative segments are worth informing. Finally, the user
can store the generated documents.
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A generated document relative to the selected theme

Mapping to the original document

List of themes

Figure VI.6: Results reporting the segmentation and the thematic identification of the different text
fragments

VI.5.3 Text filtering

To keep only the most salient portions of texts from the generated documents,
we proposed three options to the GIS user (figure VI.7). He can condensate one
segment, the whole generated document, or the whole generated document with the
possibility to discard the segments that are likely to report redundant information.
Whatever the user choice, in back-office the system agents generate rhetorical trees of
the selected texts in order to locate the gist of texts (figure VI.8). Once again, the
essence of texts already retrieved can be stored for a future consultation.

177

Chapter VI. Simulation and evaluation results

Condensation option of the generated document

Condensation option
of the generated
document with
redundancy filtering
Condensation results

Condensation option of one segment

Figure VI.7: The text filtering options provided to the GIS user

Figure VI. 8: A back-office generated RST trees

VI.5.4

Data refinement

Besides the basic functionalities offered by our SDET tool, a refinement can
be eventually executed. This occurs when the user is unsatisfied by the results generated
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by the data enrichment process. In fact, once the GIS user has received the results
returned by our data enrichment system, he judges the relevancy of the results according
to his expectation. In case of unsatisfaction, the user can launch the refinement process
in an attempt to enhance the results of the overall data enrichment process.
To this end, we have added five options to the Open Jump GIS which allows the
manipulation and the exploitation of the spatial aspect of the GDB. These options are
the following spatial relationships: adjacency, overlay, proximity, connectivity and
nearest neighbour.
One example of refinement is shown in Figure VI.9 relative to the exploitation
of the adjacency relation. In this situation, a user is looking for information about
Uganda and the relationships maintained with its neighbours that he ignores. Such
information are not stored in our GDB relative to the world countries. By exploiting the
adjacency relation, the system highlights graphically the neighbouring countries
meanwhile it provides the attributes that may be included as part of the search key.
Besides, to guide more the GIS user, we report the statistics relative to the number of
web documents reporting information relative to the association of each neighbour with
Uganda. Hence, the user is to be informed about the amount of data to handle. By doing
so, we assist the user in choosing the attributes of the geographic entities that are likely
to allow reaching the relevant documents. Obviously, to deal with this situation the key
terms are used not as the identifiers of the geographic entities pertaining to a zone but as
a unique geographic entity to reach the documents that deal with the geographic entities
at the same time.
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The proposed spatial relations: adjacency,
overlay, proximity, connectivity, nearer neighbour

The adjacent entities along with their attributes and the static of
the web pages describing Uganda and each of the adjacent entity
Figure VI. 9: A scenario illustrating the refinement capability

VI.6

Evaluation

The evaluation is a substantial stage to determine the accuracy of the results
generated by the proposed approach in a given study area. Evaluating any technique
handling unstructured data expressed using the natural language is a challenging task.
This challenge is twofold; first to hold an annotated corpus to be taken as a gold
reference and second to choose an evaluation metric which allows a consistent system
accuracy determination.
Besides, as commonly argued, such techniques exhibit a high degree of human
involvement. From the start the natural language is initiated from humans and oriented
towards humans. So a consistent assessment of any text management task should imply
a human endeavour. Nevertheless, even though dedicated evaluation schemes are
rigorously established, annotators are unlikely to unanimously agree about the
prominent solution to a given text managing task.
In what concerns our semantic data enrichment approach, its evaluation consists
in assessing its major components, namely, the text segmentation, the text theme
identification and the text filtering.
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In the forthcoming sections, we present the evaluation of each of these stages.
We describe in turn for each of them; the reference corpus commonly adopted and the
existing evaluation measures. Ultimately, we report the evaluation of our approach
through the description of the evaluation scheme we adopted and the generated results.
VI.6.1 Segmentation Module

Assessing the performance of the segmentation subsystem is to judge the good
emplacement of the text boundaries. Here the evaluation is to compute the portions of
the machine hypothesized segment boundaries which are actual segment boundaries.
Then, more the algorithm detects the right boundaries in comparison to a text
segmentation reference, the high performance it exhibits. Concretely, this can be quite
subjective unless you know a priori where these boundaries should be placed.
In what follows, we present the segmentation references commonly adopted.
Then, we report the dedicated metrics in the segmentation field.
VI.6.1.1 Referential Segmentation corpus

The evaluation of a segmentation algorithm is performed by referring to some
standard considered as the right segmentation of the text. This standard is known as
“gold standard”. Usually, the latter is determined by relying on the results of human
judges or by adopting an artificial material generated from the concatenation of texts.
Both of these methods exhibit merits and limits.
The manual evaluation consists in asking human judges to split each text in the
corpus into its constituent parts and to posit boundaries among them. So each part
stands for an homogeneous segment tackling a peculiar subject while contiguous
segments deal with different subjects. This is commonly labelled the discourse
segmentation.
While choosing this kind of evaluation, it is capital to decide about the number of
judges to participate in this process. Soliciting only a unique evaluator will lead to draw
biased conclusions since the manual evaluation becomes extremely subjective. With
more than one judge we bypass the subjectivity matter while it rises the inter-judge
disagreement problem. Even though the annotators are usually given instructions to
allow a certain agreement and to obtain consistent boundary delimitation, we will never
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reach a common consent about the text boundaries’ positions from the totality of the
judges.
To address the eventual judges’ disagreement, the solution initially proposed by
Hearst [Hearst, 1997] was commonly adopted. This solution proposes to solicit a great
number of judges and to take the boundaries which are posited by the maximum number
of them as correct ones. The condition put on the number of annotators is to ensure a
certain degree of agreement. With a small number of judges, the agreement would never
be reached. For instance in [Bestgen & Piérard, 2006], the authors have conducted the
evaluation of 32 documents confided to 15 judges. The disagreement was solved by
considering each boundary posited by the majority of judges (8 judges) as a true one. In
fact, the small number of documents was compensated by the high number of judges.
Regardless the number of judges, confiding this task to human subjects has the
advantage to address realistic texts and to be the more natural since only the human is
able to cope with unstructured data in an accurate way. Although, this task entails much
effort and more time devoted by the human annotators.
An alternative to circumvent the deficiency of the manual judgement is the
artificial comparison. It deals with the concatenated text segmentation. This evaluation
relies on text corpus consisting of a stream of independent and concatenated texts.
Originally, this class of evaluation was proposed by Choi [Choi, 2000] who has built a
test corpus composed of a set of samples each of which results from the concatenation
of ten segments. The first n sentences depicted from a randomly selected document
within the test corpus, form a given segment. Hence, the range n characterises the
samples. The data are divided into sets with different segment sizes ranges (3–11, 3–5,
6–8, and 9–11 sentences per segment). By referring to this artificial corpus, the task is
to depict the frontiers between the concatenated texts.
This artificial evaluation scheme was criticized as being unrealistic. Hence, it is not an
appropriate way to evaluate whether a segmentation algorithm is able to capture the
fluctuations within a document that potentially announce boundary positions. Although,
this artificial strategy is easy to conduct and it is time saving since it bypasses the
human commitment to construct the referential corpus.
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VI.6.1.2

Evaluation metrics

To evaluate the accuracy of the segmentation results, a set of statistical measures
are continuously used and others are becoming increasingly adopted. It deals with the
following three indices: recall/precision, Pk and WindowDiff. A description of these
measures is reported in the sequel.
VI.6.1.2.1

Recall/precision

Precision and Recall which are well recognized measures in information
retrieval filed, have been for along time ago the unique measures standards adopted to
assess the performance of segmentation models. In the context of text segmentation
these measures are defined as follows:

recall =

number of boundaries correctly detected
number of boundaries to find

precision =

number of boundaries correctly detected
number of boundaries detected

The recall refers to the number of true boundaries found out of the total possible. In
other words, it is an indicator of the number of missed boundaries. The precision refers
to the fraction of correctly detected results. Evidently, in case of prefixed number of
boundaries, the two measures reflect the same ratio which is commonly called system
accuracy or performance.
Intuitively, maximizing both the precision and recall is the objective. Although, to get
both scores high, is not usually achievable. As matter of fact, high precision can be
obtained at the expense of low recall and conversely. To address this situation, a
combination of the two measures was proposed. It deals with the F-measure which is a
harmonic mean of precision and recall.
(1 + β 2 ) PR
F − measure =
R + β 2P

The parameter β is tuned in such a way to emphasize recall over precision or vice versa.
The property that is associated with this formula is that whether the recall or the
precision score is low, the value of F-measure will fall down too. By the way, a system
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will be qualified as being a good one if and only if both the recall and precision are
high.
Although F-measure surmounts the trade-off problem inherent to recall and precision, it
was already argued that it is difficult to interpret it.
Moreover, the major deficiencies associated with recall and precision in the context of
segmentation is the strict account of a correct boundary. These indices penalize equally
every inaccurately estimated segment boundary whether it is near or far from a true
segment boundary. Hence, even a system approximating text boundaries close enough
to the true ones will produce zero recall and precision scores.
VI.6.1.2.2

Pk measure

Beeferman et al. [Beeferman et al., 1999] proposed a new measure commonly
denoted Pk. This measure is an alternative to overcome the shortcomings of precision
and recall and by the way to evaluate segmentation algorithms more accurately.

Pk takes into account the distance between a boundary found and the right
boundary to find. Intuitively, Pk measures the proportion of “sentences which are
wrongly predicted to belong to the same segment (while actually they belong to
different segments)” or “sentences which are wrongly predicted to belong to different
segments (while actually they belong to the same segment)”.
Formally, Pk measures the error probability for any pair of sentences where each
is k far-away from the other, to be in the same segment in the hypothetical segmentation
(hyp) if they are in the same segment in the reference segmentation (ref), and to be in
different segments in (hyp) if they are so in (ref). Formally this is expressed as follows:
Pk ( ref , hyp ) =

∑D

1≤i ≤ j ≤ n

k

(i , j )δ ref (i, j ) ⊕ δ hyp (i, j )

In this formula δ ref (i, j ) and δ hyp (i, j ) are functions taking the value 1 whether

the indices i and j belong to the same segment in ref and hyp, respectively. Otherwise,
these functions are set to 0. The operator ⊕ refers to the logical operator XNOR 17 (both
or neither).
Function Dk is a probability distribution of distance among sentences over a set of
sentences taken randomly from the reference corpus (ref). This function depends on the
17

XNOR returns the value 1 either the two operands are equal to 1 or they are both set to 0
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parameter k 18 which represents the half of the average of segment length (usually in the
reference corpus ref). If the Dk is uniform along the text, then it corresponds to the
probability of two sentences randomly selected within the text to be in two different
segments.
Pk is a measure of how well the true and hypothetical segmentations agree. A
low value of Pk indicates high accuracy. A segmentation algorithm assigning all the
hypothesized boundaries receives a null Pk.
Even though it surmounts some shortcomings of the recall and precision, Pk presents
some failures which have been highlighted in [Pevzner & Hearst, 2002]. Essentially it
was argued that the meaning of the metric is not clear. Besides, some empirical findings
have been drawn announcing that missing boundaries are more penalized than false
alarms.
VI.6.1.2.3

Hearst measure: WindowDiff

To overcome the limitations of Pk, a new measure called WindowDiff [Pevzner
& Hearst, 2002] has been proposed. It deals with an amended version of Pk. This new
way of scoring segmentation models is almost identical to Pk except that instead of ⊕
which is evaluated to 0 or 1, WindowDiff computes the difference between the number
of boundaries in the interval ranging from position i to i+k in both ref and hyp. If this
difference is null, the sentences i and i+k are in the same segments of ref and hyp.
WindowDiff adopts a sliding window of k length along the two texts (the ref and the hyp
ones) inside which it counts the difference of the number of frontiers between the text
reference (ref) and the number of frontiers of the system (hyp). As this measure is
intended to be an error measure, more its value is close to 0 better is the performance of
the algorithm.
Formally, this measure is expressed as follows:
windowDiff (ref , hyp) =

1 N −k
∑ ( b(ref i , ref i+k ) − b(hypi , hypi+k ) )
N − 1 i =1

18

Commonly k is a distance in terms of the number of sentences. However, one may use any lexical units
like the number of words or paragraphs.
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Where N is the number of text sentences and b(ti, tj) is a function producing the number
of frontiers of the text t between the sentences i and j. The denominator allows scaling
the results between 0 and 1 19.
VI.6.2 Topic Identification Module

The output of the subsystem dedicated to the identification of the topics is to be
evaluated at the second position. Really, there is no such evaluation efforts devised for
this purpose because as we have posited in the TID dedicated chapter, the present task is
almost usually not addressed as a standalone. Hence, as we will see there are no specific
measure indices or evaluation strategies.
In what follows, we preserve the same line of organization by first reporting the
reference standards usually adopted in the TID field and the dedicated evaluation
metrics.
VI.6.2.1 Referential TID corpus

Like any text processing task, a referential annotated corpus has to be available
to conduct the assessment of a TID approach. Such gold reference may be generated
from a system output. This system has to be recognized by all the researchers’
community as being the best. Really, no such system exists in the text management field
and especially in TID field since almost there is no system devised for this task as
standalone. Hence, the human annotation which consists in manually labelling texts
with the appropriate topics is usually adopted. Once again, a more reliable assessment
would be reached unless we solicit more than one evaluator. So the inter-judge
disagreement has to be addressed to fix which reference to adopt.
Nevertheless, the problem of the human annotators’ compliance is not sharp enough as
in the case of segmentation. The human annotators have tendency to use synonymous
labels or at least labels maintaining some semantic relationships (like hypernymy
relation). So, the number of judges agreeing about a given label expressing the same
concept is likely to be high.
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Another version of this formula is sometimes used. It applies O(x) which is a function returning the
value 0 whether x is null and 1 otherwise. Its deficit is to be not bounded between 0 among 1.
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VI.6.2.2 Evaluation metrics

The TID task is continuously assessed in terms of recall and precision ratios.
Formally these measures are defined as follows:
recall =

number of topics correctly detected
number of topics to find

precision =

number of topics correctly detected
totral number of topics detected

These ratios can be combined into a single value through the F-measure indicator
allowing

surmounting

the

negative

attraction

of

the

recall

and

precision

abovementioned.
It is obvious that whether the number of topics to find is prefixed then the terms:
number of topics to find and total number of topics detected are the same. So, in this
case the recall and precision represent the same and unique ratio. These two ratios
degenerate to the performance or accuracy ratio.
VI.6.3 Text filtering Module

At the text filtering stage, the aim is to filter the essence of texts (relative to the
generated documents) in such a way to represent the texts in a condensed fashion.
Because this task is assimilated to a multi-document summarization, we refer to the
evaluation studies conducted in this research area.
Indeed, the evaluation of automatic summarization is usually considered as a
critical issue. The most important difficulty is that there is no single right output to the
automatic summarization task. Generating an accurate multi-document summary is
challenged by the complexity of judging the usefulness of information to the user.
Indeed, human evaluators’ agreement is usually very low. Although, there seems to
have a general agreement on the fact that summaries are so task and genre specific, and
so user oriented, that it doesn't exist a single evaluation method to cover all
summarization tasks [Jing et al., 1998; Lin & Hovy, 2002a].
In what follows, the evaluation strategies are exhibited and the evaluation tools
are reported.

187

Chapter VI. Simulation and evaluation results

VI.6.3.1 Evaluation strategies

Typically, evaluation techniques are classified into two categories: intrinsic and
extrinsic. According to the strategy adopted, the evaluation is conducted or not against
an annotated corpus referring to manually produced summaries. In what follows, we
present the two strategies.
VI.6.3.1.1

Intrinsic evaluation

Intrinsic evaluation measures the quality of the summary itself. This is
frequently achieved by comparing and quantifying the similarity of the system summary
with one or more human-authored gold-standard.
Commonly, the measures used to assess a system's quality include precision (a ratio of
correct summaries returned by the system and the total of the returned ones), recall (a
ratio of correct summaries returned by the system and the correct possible ones),
sentence overlap and others.
Moreover, a second not common intrinsic method is to have evaluators rate systems'
summaries according to some scale of informativeness, coverage and so on. Because of
the lack of clear statement of what precisely the summary is trying to capture, there is
no clear definition of what is meant by these terms.
Almost all the system evaluations are based on intrinsic strategy.
VI.6.3.1.2

Extrinsic evaluation

Extrinsic evaluation of system summaries is based on the premise that
summaries are produced with a certain task in mind. The extrinsic evaluations measure
how helpful summaries are in the completion of a given task like information retrieval,
question answering, text classification and so forth.
For instance, in the context of classification the texts and their corresponding
summaries are classified and then the agreement between each text and its associated
summary is measured. The greater the agreement, the better the summary captures the
essential material that leads to the intended classification. In other words, we expect that
by reading the summary one can classify correctly the text.
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In an information retrieval task, an extrinsic strategy would quantify the effectiveness of
how summaries help the users to judge the relevance of the retrieved documents.
VI.6.3.2 Evaluation tools

To assess the condensed texts generated by multi-document summarisation
systems, several measures have been proposed. The devised measures were incarnated
into tools built for the evaluation issues. These tools allow either a manual or automatic
(with eventually a few human involvement) evaluation.
VI.6.3.2.1 Precision-Recall

Using the precision-recall measure, the summary evaluation is determined
according to the relevance of its individual sentences. This relevancy is expressed
according to the following formulae:
precision =
Re call =

system sentences which match human selected sentences
sentences selected by system

system sentences which match human selected sentences
sentences selected by humans

Obviously these ratios can be combined to stand for the F-measure.
Whether the number of sentences to be selected is fixed, then the precision and
recall reflect the same numerical value; the system accuracy or performance.
VI.6.3.2.2 Relative Utility

The Relative Utility (RU) [Radev & Tam, 2003] addresses the situation where
two equally good summaries are judged very differently. According to the RU metric,
each sentence in the corpus of documents is assigned a score by the judge involved in
the assessment. The scores range from 0 to 10. A score 10 indicates that a sentence is
relevant so it has to be included in the summary while a score 0 marks a totally
irrelevant sentence. A sentence obtains a final score based on a combination of all the
judges’ assessments.
For the illustration, we assume that a reference summary elaborated by human assessor
contains sentences (5, 10). The corresponding peer summarizations to be evaluated are
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generated by two distinct systems one of them consists in the sentences (5, 10) and the
other includes sentences (5, 22). By using the precision-recall measure the first system
will outperform the second one since it retrieves the same sentences as the reference
summary. This is not usually a plausible conclusion if we argue that different sentences
can exhibit the same relevance and convey the same sense. By referring to the previous
example we can assume the following scenario where the two judges have marked the
documents sentences and have attributed the scores 10, 9, 8 to sentences 5, 10 and 22,
respectively. Then, the summary (5, 10) and the summary (5, 22) get the same score
equal to 19 (10+9). The two summaries generated by different systems and
incorporating different sentences are of equal relevance according to the RU method.
Whereas this approach is appealing since multiple summaries for the same documents
can be equally ranked, it endures a highly expensive effort devoted to provide different
sentence scoring.
VI.6.3.2.3

Factoids

The factoids approach [Halteren & Teufel 2003] is considered as being the first
summary evaluation approach which has leaned on content comparison. This approach
has borrowed the direction of detecting elementary meaning units, which are
summarization units based on atomic information units that could be robustly marked in
text. These content units are called factoids. For example, the following sentence “The
police have arrested a white Dutch man” is the union of the factoids “a suspect was
arrested”, “the police did the arresting”, “the suspect is white” and “the suspect is
Dutch”, “the suspect is male”.
Such fine granularity allows a very precise scoring of the resultant summaries. Hence, a
peer summary which captures all the factoids annotated by the human within the
reference summaries is deemed a good one.
VI.6.3.2.4

The pyramid method

This approach [Passonneau & Nenkova, 2004] relies on the notion of pyramid.
Within this method, a pyramid is a model to predict the distribution of summaries
informative content. The approach addresses the summary evaluation problem by
creating a pyramid issued from multiple human summaries. The aim is to create a gold
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standard summary which is materialized by identifying units of information found
within a pool of human summaries. This is performed by exploiting the frequency of
occurrence of a certain piece of information in the human summaries in order to assign
relative importance to each of them. The identified information stands for the basic
meaning units which are referred as Summary Content Units (SCU). For a SCU, the set
of words (not necessarily consecutive) from one reference summary going into it, form
what we call a contributor of the SCU.
Then, a SCU is a set of contributors expressing the same and unique semantic content in
their sentential contexts. Each SCU is assigned a weight equal to the number of human
summarizers who expressed the SCU in their summaries.
At the top of the created pyramid are situated the SCUs with the highest number (a
maximum to be reached is equal to the number of model summaries) of contributors.
The number of contributors per SCU is depicted by accounting for the number of
human reference summaries where the SCU under scrutiny occurs. SCUs with the
minimum number of contributors (one contributor) are situated in the lower pyramid
layer.
If a system summary has a SCU that was in all human gold standard summaries then it
receives a higher score because this is an item that all humans deemed important.
A drawback of this approach is that it is very labour intensive since it requires extensive
analysis of various human summaries.
VI.6.3.2.5

SEE software

Summary Evaluation Environment (SEE) [Lin, 2001; Lin & Hovy, 2002c] is a
tool that allows a manual evaluation. It provides an environment through which
assessors can evaluate the quality of a peer text which represents the system generated
summary in comparison to one and unique model text standing for the reference
summary which is a human-written summary.
Concretely, SEE provides two separate panels exhibiting the two summaries;
peer and model one and a frame to record the evaluation decision made by the judge.
The model and the peer summaries involved in the evaluation are broken up into model
units (MU) and peer units (PU), respectively. The units could be phrases, sentences or
clauses depending on the granularity of the evaluation.
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The assessor can rate the relevance of all units in the system summary by
comparing them to the model units. Hence, he can decide whether for a MU there exits
some PUs covering it, either partially or totally. Then, he can judge at what extend did
the peer summaries cover the content of the model summary.
VI.6.3.2.6

ROUGE

Developed by Chin-Yew Lin at ISI , the Recall-Oriented Understudy for Gisting
Evaluation (ROUGE 20,) measures the quality of a summary by comparison with ideal(s)
summaries. ROUGE [Lin, 2004] is an automatic evaluation package that measures the
n-gram co-occurrences between peer and reference summaries. That is, it counts the
number of overlapping units.
ROUGE does not assume that there is a single “gold standard” summary. Instead, it
operates by matching the target summary against a set of reference summaries.
ROUGE was proposed as an alternative to the manual evaluation metrics reported
above. ROUGE as an automated mechanism performs the evaluation consistently and
yet correlates well with human judgments.
The ROUGE package includes different metrics which represent several variants of
ROUGE. These variants correspond to the following measures:
♦ ROUGE-n: n-gram co-occurrence statistics.
♦ ROUGE-L: Longest common substring.
♦ ROUGE-W: Weighted longest common substring.
♦ ROUGE-Sn: Skip-bigram co-occurrence statistics without gap length limit and
with maximum gap lengths of n words.
♦ ROUGE-SUn: Extension of skip-bigram.
Concretely, the results have shown that ROUGE-2 and ROUGE-SU4 (skip
unit of 4) give the best correlations with rankings produced by humans. ROUGE-2
reflects the bigrams number which is the number of successive word pairs en common
between system summary and the models. ROUGE-SU-4; corresponds to recall in skip
units with maximum size 4.
20

It is an adaptation of the IBM BLEU, a machine translation metric. But unlike ROUGE which is based on recall,
BLEU is based on precision
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ROUGE-N is an n-gram recall between a candidate summary and a set of reference
summaries. ROUGE-N is defined as follows:

ROUGE − N =

∑
∑

∑ count (n − gram)
∑ Count (n − gram)
}

S ∈{referenceSummaries} n − gram∈S

match

S ∈{referenceSummaries n − gram∈S

Where n stands for the length of the n-gram and Countmatch(n-gram) is the number of ngrams co-occurring in a candidate summary and in a set of reference summaries.
Count(n-gram) is the number of n-gram in the model summary.
Indeed, the drawback exhibited by ROUGE is that the summary units used in
automatic comparison are of fixed length: unigram, bigram, or n-gram. A more
elaborated design is to have summary units of variable size where several units may
convey similar meaning but with various lengths. As a remedy the Basic Elements (BE)
was devised [Hovy et al., 2005; Hovy et al., 2006] and joined to the ROUGE package.
BE has been proposed as an extension to the basic ROUGE measures. Unlike the
original automated methods proposed by ROUGE which use fixed word n-grams, BE
relies on very small units of content, called Basic Elements.
In this approach, we break down each reference sentence into a set of minimal semantic
units, which we call BEs. We do the same for each of the system summary sentence.
BEs are word pairs with their relation labelled as subject, object... For example, in the
following sentence: “two persons were indicted for the accident”, we depict the BE:
indicted|persons|obj, where obj is the object relation between indicted and persons.
Once this breaking is performed, the BEs of a peer summary can be compared with the
BEs of the reference summaries to evaluate content coverage in the same way n-grams
are used in the conventional ROUGE. Evaluating automatically a summary using this
concept is to determine how much of the contents in terms of BE of one or more human
produced ‘ideal’ summaries, it contains.
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VI.6.4

Our referential corpus and evaluation scheme

To evaluate our data enrichment system we have decided to assess the accuracy
of each of its major subsystems. We conducted an evaluation of the segmentation, the
thematic identification and the text filtering.
To carry out the evaluation, the two issues highlighted above have to be
addressed, namely, the gold standard used as an evaluation reference for the task at
hand and the evaluation metric to use. For the latter issue, we adopted the commonly
used metrics in the corresponding fields. So, we have adopted Pk/WindowDiff,
recall/precision, and ROUGE and more precisely the most commonly used Rouge-2,
Rouge-SU4 and BE to evaluate, the segmentation, the thematic identification and the
text filtering, respectively.
Regarding the second issue, as posited along through the previous sections,
evaluating text management tasks assumes the existence of an annotated corpus. There
is no annotated corpus that may support at the same time the three assessments we
intend to conduct. So, we have investigated different possibilities offered in each of the
three text management fields apart.
From the start and by inspecting different alternatives to the referential segmentation
standards, no automatic annotated corpus was available other than the one proposed by
Choi. Although this solution is so easy and straightforward, it was discarded given the
drawbacks cited above. Indeed, it is not suited to our issue. Then, we have argued for a
manual evaluation.
For the thematic identification, the only reference always used is the annotated manual
corpus. The same is for the multi-document summarization.
It remains to know whether manual corpora are available. Obviously, there are
some available corpora in some of the fields of our concern. These annotated corpora
are study dependent and are not exactly tailored to the task we manage. For instance,
while corpora designed to address the muti-document summarization are available like
those of DUC 21 conference which are largely adopted today, we are not able to explore
them. This is due to the target for which they were designed. In this context, the
annotated material is relative to the task of generic summarisation or query based one.

21

Abbreviation of Document Understanding Conference.
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As argued along through this dissertation, our generated shortened texts do not strictly
fall neither in the first nor in the second category.
To create an annotated corpus, we harvested the web documents relative to
various geographic entities. A document collection is carried out by submitting web
queries to a search engine about some geographic entities. Only the first 15 best search
results were retained. We ensure that these documents provide wealth of information
(for instance, we discarded those that have texts length less than 4 22 lines, those
composed only of frames…). In average we keep the 10 best documents. In all we have
collected 50 documents.
We have followed Hearst and others in evaluating the accuracy of our automatic
segmentation procedure against the manual evaluation. We have confided the
documents to 10 judges who are linguistics with different qualification degrees. To
address the judges’ disagreement we adopted the following commonly used strategy:
the boundaries settled up by the maximum number of judges are considered as being the
right ones to be posited. Only the boundaries set by at least the half of the annotators are
considered as a right ones (we tolerated one sentence after or before a boundary).
The judges have been instructed to respect some guidelines to minimise the discrepancy
and allow a consistent and somewhat uniform assessment among them. Besides, we
have tried to capture the same requirements for which our system was devised. As a
matter of fact, each judge has been instructed to read the text and to mark the text
boundaries. The boundary delimitation was performed with no restrictions other than
the judge perception that some text fluency has fallen down to announce another textual
zone.
By receiving the resulting annotated corpus we have dealt with unifying the results as
mentioned above. Hence, we have copied all the delimiters agreed by at least the half of
the annotators.
The generated annotated corpus stands for the referential segmentation. This corpus is
returned back again to the judges to annotate the retained segments. We notice that
annotators were asked to feel free to label the text fragments while segmenting.
Although, they were informed that they will be solicited again after the segment

22

This number is determined empirically after several experiments.
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discrepancy conciliation. Concretely, some of them will label for the first time others
will revise the labels they have already affected.
The judges are asked to promote the specification and not the generalisation. Otherwise,
we get many segments dealing with the same topic as if the task is to guess the
document topic.
The disagreement is naturally to arise so this was addressed to keep only one topic. Like
the segmentation conciliation process, we take the topic which is assigned by the
maximum number of judges.
Once again we send back the corpus already annotated using the segment boundaries
and the associated topic labelling, to the annotators to filter all the text passages relative
to each topic. To perform the condensation of all the documents, the judges have to
consider all the text pieces dealing with the same topic and to extract the most salient
units. As a limit, they were instructed to provide not more than 150 words per shortened
text. To avoid truncating, a margin (the same is adopted by DUC ) of + / -5 words is
allowed. These extract texts are highlighted in the documents.
VI.6.5

Evaluation results

In this section, we report the results of the experiments we conducted on our
annotated corpus to evaluate our SDET system. We present mainly the evaluation
results of its capital subsystems. In table VI.1 we report the results of the evaluation of
the segmentation, the theme identification and the text filtering process.
To evaluate the performance of our segmentation proposal we run on our
benchmark, the C99 algorithm, the TextTiling algorithm which we denoted TNative and
our algorithm denoted TAdapted. The average amount of error resulting from each the
three approaches is computed through the recently used Pk and WindowDiff. Because
the two metrics are penalties, lower scores are indicators of a good segmentation
system. The resulting scores in terms of Pk and WindowDiff are shown in the dedicated
lines in table VI.1.
Our segmentation method TAdapted outperforms the C99 and TNative. Furthermore, we
notice that Pk scores are lower than the WindowDiff ones. This is due to the fact that Pk
is a lenient evaluation score since it suffices to found that two sentences are located in
the same segment. In contrast, WindowDiff assesses the segmentation process in a strict
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fashion so penalizing heavily the systems by requiring the same number of segment
boundaries within an interval delimited by two sentences. The high scores of
windowDiff in comparison to Pk ones, show that errors are due essentially to
imprecision in positioning the boundaries.
Regarding the thematic identification process, the evaluation is preformed using
the following indices: Precision, Recall. Since the number of topics to detect is tied to
the number of segments already established, the number of topics detected by the
machine and those detected by the reference system are identical. Then, as
abovementioned the recall and the precision degenerate to the performance ratio which
is defined as the ratio among the number of topic correctly labelled and the total number
of topics.
To compute the performance value we have first to define the topic correctness concept
in our issue. Given a system output which is defined as follows: Outsys ={(ss1, ts1), (ss2,
ts2)…(ssn, tsn)}, Where (ssi, tsi) is the pair of system segment ssi and the corresponding
topic tsi, and a reference output, defined as follows: Outref ={(sr1, tr1), (sr2, tr2)…(srn,
trn)}, Where the pair (sri, tri) is relative to the reference segment sri and tri the associated
topic.
The topic correctness is defined as follows:
⎧1if (t si = t ri )or (t si = synonym (t r i ))
correctnes s = ⎨
⎩0otherwise

Indeed, to account for the topic correctness we have procured a soft relaxed definition
of the correctness to take into account the humanness degree which marks up the task.
A topic is considered as perfect if it is exactly the same as the reference one associated
to the segment under test (this is denoted exact in table VI.1). Furthermore, the
correctness is set to the true value (value 1) if the topic generated by the system and the
reference topic are synonymous words (this is denoted relaxed in table VI.1). As shown
in the table, by adopting such relaxation, the system performance has increased.
To assess the quality of the generated condensed texts relative to the topics scattered
among the documents of the corpus, the ROUGE-BE package was used. Especially, we
adopted the commonly used Rouge-2, Rouge-SU4 and BE. We runt each of the
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following systems, SDET, MEAD and the baseline methods (baseline1, baseline2) and
we compare them against the human judgements using ROUGE toolkit.
In the DUC’ fashion, we have defined two baseline references. These are summaries
created automatically in terms of the following rules: one baseline selects the 150 first
words from the most recent document in the corpus, another baseline selects the first
sentences within the (1. . .n) documents of the collection sorted by the chronological
order till reaching the 150 words. These rules stem from textual documents studies
which have approved the importance of the document beginning in comparison with its
other parts. These studies have proven that the text first lines cover generally the most
important part the text. Indeed, the motivation behind involving such baselines methods
in the evaluation is to ensure that at least the system to be assessed doesn’t perform
worse than those methods.
Regarding MEAD system [Radev et al., 2003] we have supplied as input different
generated documents relative to the detected topics instead of the documents of the
corpus. We recall that our system is neither a generic nor a query-based in a strict sense.
Hence, we do so, to insure a fair comparison. The comparison results are reported in the
table below.
Text segmentation evaluation
C99

TNative

TAdapted

Pk

0.215

0.193

0.127

WindowDiff

0.245

0.201

0.139

TID evaluation

performance

Exact

relaxed

0,75

0,89

Text filtering evaluation
Rouge-2

Rouge-SU4

BE

SDET

0, 4685

0, 2956

0, 20024

MEAD

0,2969

0,1868

0,0997

Baseline1

0,2001

0.10321

0,08796

Baseline2

0,16034

0,07906

0,04965

Table V.1: SDET subs-ystems evaluation results
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The relevancy of a system is measured by the highness of ROUGE scores. SDET is
classified at the first position with the best evaluation scores. The two baselines bring
the lower scores. In fact, while the hypothesis behind the two baselines is always or
quasi-always valid, it is not sufficient for a multi-document summarization task which
needs a special care of the similarities and differences through out the documents of the
corpus.
VI.7

Conclusion

In this chapter, we have described the SDET system we developed to carry out
the semantic data enrichment process. Especially, we have highlighted the main
facilities it offers to GIS users during an information inquiry session. This ranges over
the documents retrieval, the generation of artificial documents thematically
homogenous and the extraction of the essence of these documents in an abridged way.
All these functionalities have been supplemented by a refinement facility. The latter, is
somewhat another way for the user to express more explicitly his intention by locating
accurately the geographic entity at hand through the exploitation of the spatial
relationships. This allows going straightforward to the target information. The SDET
was evaluated through its major components. Good results were obtained, whereas there
is usually a room of improvement.

199

Conclusion

Conclusion

Today, we assist to a growing use of geographic information systems (GIS) in
different fields. This growth is the result of an amalgam of processes which concern
essentially the proliferation of information in its different formats and aspects (spatial
and factual) and the increasing computing power accompanied with dramatic decrease
in devices costs.
The potential of GIS is to assist decision makers in taking decisions they face
daily. These decisions rely on the dataset describing the situation at hand by combining
the descriptive aspect with the spatial one which allows binding every thing to its
location. Ideally, this dataset is to describe accurately the situation at hand by providing
all the details that help to draw conclusions and to take the adequate actions. Really, the
data stored in the geographic database (GDB) are usually a subset of features that
characterise one facet of the situation and are abstracted enough to be beyond a
meaningful and a thorough vision of the matter. The managers tend to possess a large
amount of data covering almost all the interesting aspects of the problem at hand
meanwhile describing the surrounding environment, to be able to take the prominent
decision. These requirements are generally beyond the GDB capabilities. Hence, new
sources and means are being investigated to help managers getting the relevant and
missing data leading to sound decisions. This is the objective of the semantic data
enrichment processes.
Because the most meaningful data are in textual format, this semantic data
enrichment was based on managing textual corpora to extract relevant information
dealing with the geographic entities under scrutiny.
Indeed, simultaneously with the spread use of GIS, other information systems
are becoming in vogue. This concerns especially the text management systems putting
in use different text management techniques which have reached a growing maturity.
This is spurred basically by the large and widespread bodies of electronic text sources
which require automatic yet reliable processing.
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To profit from these advances, a marriage between GIS and the text management
technologies will result in increasing geographic systems responsiveness.
In this context, we have proposed a semantic data enrichment approach that
operates on textual data to enrich the aspatial dataset already stored in the GDB.
Along through this dissertation we have detailed this approach which exploits
extensively different text management techniques to provide end users with the required
information. The essence of our semantic data enrichment approach is to provide
abridged texts conveying the gist of textual information as a solution to a situation of
unsatisfaction of a GIS user that has already enquired his GDB. The generated abridged
texts are relative to different details reported in the textual documents and which are
relative to the automatically depicted topics.
Such valuable information are produced by following a pipelined architecture
which main components are: a text segmentation module, a theme identification module
and a text filtering through a condensation. This modular processing will provide the
GIS user with information about all the topics tackled within a corpus of documents
relative to the geographic entity at hand. Information are essentially the text passages
relative to a given topic and the corresponding condensed views capturing the relevant
material and filtering out all subsidiary information.
Because the information we are looking for are inherently distributed among a
considerable set of textual documents, a distributed modelling of our problem is a
prominent solution that may ensure highly modular and reliable processing. To do so,
we have proposed a distributed architecture that complies with the multi-agent
principles by relying on a set of cooperating agents. It consists of three classes of
agents: an Interface agent, Task agents and eventually Geographic agents.
Besides the basic processing offered by our data enrichment approach, we have
augmented the overall process by a refinement module. This supplementary data
enrichment stage is to cope with a situation where the generated results are not
satisfactory enough from the user point of view. This refinement is based on exploiting
the spatial relationships, the geographic entity maintains with its neighbours. We do so,
to best locate the geographic entity so to enhance the chance to get the relevant
documents and accordingly to improve the data enrichment system reliability.
To put in use our semantic data enrichment approach, we have developed the
SDET (Semantic Data Enrichment Tool) tool. Our SDET tool was incorporated within a
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GIS system, namely, the OpenJump. This integration provides end users with
supplementary data sources that substitute the GDB whether the required data are not
fed in it. The test sessions were conducted by using the commonly used world shapefile.
To evaluate the reliability of our data enrichment system, we have conducted an
evaluation of its major components by adopting the standard schemes commonly used
in the associated fields. The evaluated subsystems concern the text segmentation, the
theme identification and the text filtering. The three subsystems have exhibited good
results.
To extend our data enrichment approach many tracks can be pursued:
♦ For instance, we may intervene to enrich the user query. By doing so, the system
will manage a subset of documents which are likely to be the most relevant ones.
One way to perform this objective is to extend the query topics by other specific
and related terms to express accurately the user requirements. In this context, we
can investigate knowledge databases like WordNet thesaurus to refine the query.
Another prominent solution is to exploit the data enrichment results stemming
from anterior user sessions and to profit from the already stored user profiles to
enrich the query.
♦ Another promising perspective is to operate some additional text management to
the resulting data enrichment information. Indeed, we recall that the data
enrichment is motivated by the lack of data in the GDB. Thus, it would be
beneficial to complete and extend the database schema to be more operational.
This aim can be reached by appealing to the Information Extraction (IE)
techniques. The latter, takes as input free texts and map them in a structured
database like representation. Then, in case of approbation of the preliminary data
enrichment results, the user can manage the results by referring to some templates
to fill its corresponding slots. This can be achieved in semi or full automatic way.
Henceforth, the user is free to consult the condensed texts or to handle their
database like representation.
♦ Another issue is to provide means to update the condensed resulting texts without
resuming the overall data enrichment process from scratch. This may be justified
because the information we report are relative to geographic entities which are
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likely to undergo some natural or man made transformations. Hence, each
alteration must be reflected by the results.
♦ Besides, since the visualisation is a preponderant stage in the GIS development
workflow and because generally the maps are just abstractions of the real world
entities, it would be beneficial to report images or even maps that consolidate the
text information. This may be done by investigating new techniques that allow
extracting the relevant information issued from non textual information (especially
multimedia data) relevant to the geographic entity at hand.
♦ Another fertile track is to make a mapping from the text to visual maps. Hence,
using the material already depicted from the texts we can develop semantic and
thematic maps. By handling such maps, the user can navigate from different
thematic zones and can access to different geographic locations that maintain
some relation with respect to the current theme. Then, a map becomes spatially
and factually documented. This allows a multi-layer and multi-theme transposition
of the textual data.
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