Toward a Formalisation of Evolutionary Hypermedia
Systems Based on System Theory!

Lina Garcia-Cabrera!, Maria José Rodriguez-Fortiz2, and José Parets-Llorca?

! Departamento de Informatica, E. P. S., Universidad de Jaén
Avda. Madrid, 35. 23071 —JAEN (Spain)
lina@ujaen.es
2 Departamento de L. S. I. ETS Ingenieria Informética. Universidad de Granada.
Avda. Andalucia, 38. 18071 -GRANADA (Spain)
jparetseugr.es

Abstract. Main development and use activities of Hypermedia-Systems evolve
through time. Hypermedia-systems need models that support the evolutionary
nature of their building, maintenance and navigation processes. The System
Theory and cognitive models offer a better perspective of web-systems and suc-
ceed in abstracting their structure, information and behaviour. We assume that
an Evolutionary Hypermedia System must be modelled by means of a set of in-
terrelated and interacting systems that allow: a) from the author’s viewpoint,
complete and flexible control of the development and maintenance of hyper-
documents; b) from the reader’s point of view, an understandable navigation
that allows easy access to and selection of information. The Model allows an
explicit representation of the semantic content which allows us to structure the
information-system and determines its possibilities of change, updating and
evolution. In addition, the model is flexible enough in offering the necessary
mechanisms to incorporate and represent the author’s conceptual-domains in
order to characterise the information-domains.

1 Introduction

Traditional hypermedia reference models [4], [3], |7Z], [2], |8] “tend to focus on ab-
stracting the connectivity of hypermedia —links- from its underlying information -
nodes- rather than abstracting structure from functionality” [|[12], i.e., these focus more
on edition and document navigation through prefixed links than on the dynamic con-
struction, evolution and maintenance of the document. The traditional skeleton of
hypermedia models, based on a set of hierarchical levels that can be translated into a
sequential and static methodology, is not the best approach in representing complex
and evolving realities, where construction, maintenance and navigation are confused
by their strong interrelationships. In these models there is no correspondence between
structure and functionality. In our opinion, a functional systemic perspective is more
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suitable and hypermedia systems must be conceived under an evolving model with the

following assumptions:

1. Hypermedia systems need a functional systemic perspective [9]], [L1], that is, a
hypermedia system can be conceived as a set of interacting systems in continuous
evolution.

2. The model must help and make flexible the construction, maintenance and naviga-
tion of the hypermedia systems. These three key aspects are exposed to continuous
changes and updates the model should be able to integrate.

3. An explicit semantic representation must permeate the model. The possibilities of
which structuring and further changes, adaptations or evolution will depend on the
level of explicitness of this semantic representation. The building process of a hy-
permedia system must be based on a cognitive model []].

4. A cognitive model benefits the users —author and reader- during development and
use activities: construction, maintenance and navigation.

e The author can make an incremental design process of his/her hyperdocuments.

e Collaboration between authors is possible.

o Effective maintenance is possible when the process of underlying reasoning and

decision-making carried out or Design Rationale [|L3] is represented.

e The reader can have a contextual access that facilitates his/her knowledge and

comprehension.

5. The model must offer a flexible semantic representation that allows the author a
characterisation of his/her own information domains by means of his/her own on-
tologies.

Guided by these objectives, we present here a Semantic-Evolutionary Model
(SEM-HP). Section 2 will present a general architecture of the proposed Model and an
example, which will be used in further explanations. After that, in section 3, the im-
portant concepts of the model are defined and explained. Section four provides an
extensive description of the Knowledge and Navigation Systems. Section 5 goes back
to the architecture in order to explain a more detailed view of the functionality and
evolution of the Systems. Finally, section 6 summarises the conclusions about the
presented model, current research and further developments.

2 Architecture of Evolutionary Hypermedia Systems

Stemming from the previous assumptions a Semantic-Evolutionary Model is proposed
in order to support HyPermedia Sytems, SEM-HP, with the following three systems —
figure 1-: The Knowledge System, the Navigation System and the Learning System.
The Knowledge System is in charge of the storage, structuring and maintenance of
the different pieces of information. It memorises the knowledge acquired about the
information system that is represented. This knowledge will guide the design and
structuring processes of the information system. It will determine the possibilities of
transformation and change of this structure throughout its evolution. The Navigation
System helps the reader in his/her interaction with the information system. Using the
knowledge base and the reader activity through time dynamically, this system deter-
mines —firstly— the accessible information and —secondly— its interaction possibilities.
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Finally, The Learning System optimises the knowledge acquisition process from the
hypermedia system adapting navigation to the information needs and to the knowledge
gained by the reader.
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Fig. 1. Semantic-Evolutionary Model based on Systems. Different systems interact among
themselves -black arrows-. The Reader interacts with the Navigation and Learning Systems,
while the author interacts with the three systems -grey arrows-.

Each System redefines, to some extent, the knowledge base provided by the
Knowledge System, which is stable for the reader but dynamic for the author or
authoring tool. Each System is supported by itself and contributes additional informa-
tion. This information will determine what pieces of information can be consulted and
under what prism. The different systems interact among themselves and their interac-
tion produces, in a dynamic way, adaptations within them. In order to clarify the ex-
planation and show the possibilities of the approach we use a concrete conceptual and
information domain example about the Solar System —figure 2-.

3 The Conceptual Perspective of the SEM-HP

In order to highlight the evolving aspects of the model we will start by explaining the
meaning of the four most important concepts of our model: Information Items (Il),
Conceptual Structure (CS), Restrictions (RT) and Evolving Actions (AC,). In their
explanations other basic concepts will appear, and the interactions between them will
be shown. We will also see how Conceptual Structure and Restrictions stress the cog-
nitive and evolving aspects of the hypermedia system.
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Fig. 2. Conceptual Structure CS about the Solar System

3.1 Information Items

A hypermedia system is an information system made up of different pieces of infor-
mation —the information itemsfi- that can be referred to, used and composed. These
pieces can be expressed in any language and can be provided by the authoring system,
a computer application or a database? The author can associate properties to these
items. These properties include the #ype of information and the function of the item in
a context.

An information item is referenced by one or more concepts or labelled ideas. These
concepts will be part of a Conceptual Domain -our example has 12 concepts repre-
sented by ellipses; i.e., Planets, Stars, etc- created by the author during the develop-
ment and maintenance of the hyperdocument. The set of information items identified
by the concepts in a Conceptual Domain will be called Information Domain -the ex-
ample contains 13 items represented by a square; i.e., Sul, C2, etc-.

Many information items can refer to the same concept or set of concepts. In this
case each information item will play a different function in a context. We call this
function or intention of the information item its Role. The Role is useful for the author
because it provides the function of the item, and for the reader because it guides the

2 Here the term “item” is preferred to “chunk”, more widely used in the literature, for two
reasons: a) historical fidelity because this was the word used by Vannevar Bush in his memo-
rable and forerunner paper “As We May Think” [1]; and b) we consider that the term “in-
formation item” represents better the idea of an own-entity piece of information that is im-
plied by a conceptual unit.

More than one semantic model in research literature simply builds documents as composi-
tions of data represented and presented as a style template, that is to say, in the form of a da-
tabase. Unfortunately, many documents cannot be adapted to this simple skeleton.
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intention of a link. For instance, the Sun concept -one of the Stars- is referenced by
different items, which play the roles of photos or chemical-composition. Apart from
concepts and roles an information item has additional properties: type of language of
the content -text, sound, graphics, image, animation, execution or hypermedia-, edi-
tion aspects -authors, date, revision date, quality, visitors,...- and Specialisation Level
or version. This property is related to the user's degree of knowledge and allows the
possibility of items with different depth levels, which can be selected by individual
readers. For instance, some properties of the Po2 item are Portugal, map, image,
PlanetEducation, 26feb00, teenagers.

3.2 Conceptual Structure

The set of concepts of a Conceptual Domain constitutes a directed graph, in which
nodes and links are labelled with semantic meanings —a semantic net [[4]-. The graph
represents the Conceptual Domain —concepts and associations| between concepts- of
the information system, named Conceptual Structure (CS). The different information
items —documents- can be associated —labelled- with one or more concepts of the CS —
i.e., <Stars, def, S1>, see figure 2-. These items are also nodes of the CS. In order to
allow provisional and incomplete development, items which are not related to any
concept can also be included. Therefore CS is defined as: CS = (C, II, A, A,), where
C is the set of concepts, II is the set of information items, A, is the set of labelled
conceptual associations and, A; is the set of labelled associations between concepts
and information items.

We distinguish between Reference and Dependency Conceptual Associations. Ref-
erence Conceptual Associations —i.e. <Earth, rotate, Moon>- are domain dependent
and must be defined by the author for each particular conceptual domain, i.e. the
author provide his own ontologies [[L7]. These ontologies -concepts and associations
between concepts- define a dictionary of keywords which is used by the author in
order to provide the structure, and by the reader in order to select material.

In addition, Dependency Conceptual Associations, which are domain independent
and have a generic character, can be considered: aggregation (partOf), instantiation
(isA) and specialisation (aKindOf). The dependency partOf allows hierarchies be-
tween concepts —i.e. <Solar-System, part-of, Planets>-. The dependency aKindOf
allows the composition of information items —i.e. <Stars, kind-of, Nova>-. For in-
stance, Nova and Supernova have an association aKindOf with Stars. Then, a com-
posed item, which is labelled with the generic concept —Stars-, can be constructed by
grouping all items associated with the children concepts. The dependency is4 allows
the definition of a concept using more generic concepts -i.e. <Stars, isA, Sun>-.

Conceptual associations allow the definition of the Concept Environment, i.e. the
set of concepts which are related to another concept. In the example, the environment

4 We prefer the term “association” instead of “link” because links have a clear static meaning
in current models and links are more diffuse in the research literature. The term association
reflects the fact that this connection between information items responds to relationships
between the concepts represented by them more than to circumstantial reasons -as usually
occurs in links-.



Toward a Formalisation of Evolutionary Hypermedia Systems 275

of Stars is made up by concepts such as Solar-System, Nova or Sun. The notion of
environment allows some interesting operations which are known in the literature as
queries based on the structure:

Which concepts add more information to another concept.

Which concepts are derived from another concept.

Which concepts produce or cause another concept.

Which concepts are one level higher or lower in the conceptual structure.

Which concepts are separated from another concept by a distance d.

Which documents are related to some conceptual domain.

The previous conceptual associations allow the dynamic creation and evolution of
computed documents, i.e. the authors can construct new documents by means of this
explicit semantic structure. Restrictions about conceptual associations also guide the
authors during the construction and maintenance of the Conceptual Structure because
they can forbid some structures and associations -see below- in a concrete information
domain.

3.3 Restrictions

Restrictions (RT) guide the development, maintenance and navigation of hypermedia
systems. They are supplied by different Systems, and are always applied -as we will
see later - by these systems. They limit associations between concepts in the CS and
constrain associations of information items that can be used during navigation. Dy-
namically, way a set of restrictions will hold for each information item and they will
limit the set of associated items. We will call this set the Item Framework. Two types
of restrictions can be distinguished:

1. Derived from the semantic structure of the information system. Obviously, naviga-
tion will be restricted inside the world conceived and designed by the author. These
restrictions will be applied by the Knowledge System (KS) and can be basic, de-
fined as a functional part of the K, or can also be defined by the author. Some ex-
amples of basic restrictions are:

e Each association of the CS must connect two concepts or a concept and an item.

e Each arc and node of the CS must be labelled.

e Two nodes in a CS cannot have the same label.

The author can also include additional restrictions which determine what associa-

tions between concepts are possible. In order to represent these restrictions, for-

mulas in temporal logic are used. This formalism also allows checking if the CS is

valid at any moment. Some examples are:

e The concept Stars can be connected to the concept Planets by means of the as-
sociation rotate.

e The association rotate must be acyclic.

e A concept X can be connected with concept Countries if the concept Countries
is previously reached from the concept Earth.

2. Derived from the navigation itself and providing different navigation 'styles' which
can be performed using the same semantic structure:
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o the type of navigation: a group of restrictions that constrain more or less the
navigation paths of a Conceptual Structure;

o the navigation carried out by user through time or functional history. The func-
tional history is the set of operations performed by the user during a work ses-
sion, i.e. the information items selected by the reader and their order;

e considerations about security and access control: user identification, restrictions
in accessing the Conceptual Structure, item roles and item versions.

The possibility of adding restrictions implies adaptations and changes in the hy-
permedia system. These restrictions are described formally using graph theory and in a
temporal logic language —a more detailed use of these formalisms can see in [p]-
which supports expressions as: “if this and that then...”, “if before ... and after ... then
show...”, “take into account whether the reader knows these or those concepts ", "if
the reader has made this tour.... then these and those items can be shown”. Like Stotts
and Furuta [[16] we consider that a hypertext is an interactive document which pro-
vides a dynamic structure. This assumption implies the need for temporal logic in
expressing what link sequences can be followed during browsing. These authors pro-
pose temporal logic as formalism in checking the properties of a hypertext. In our
approach we also use temporal logic as an inherent way of expressing restrictions.
Consequently, this kind of rules determines, at all times, which pieces of information
can be reached and which are the information items that can be searched. These rules
are provided by the hypermedia author and are indirectly selected by the reader when
he/she specifies a navigation type or navigates through the system. In the example, the
items labelled with the concepts Nova or Supernova and the items subordinated to
these concepts should be hidden to a user who does not know the definition of Stars
concept.

3.4 Evolving Actions

All systems include a set of evolving actions (AC,) that allow changes to be made and

propagated in the hypermedia system. An evolving action can belong to three different

types:

1. Actions that redefine some aspects the system. Obviously the basic restrictions,
defined by the system, discussed below, RT cannot be changed.

2. Actions that control the propagation of these changes inside the system itself.

3. Actions that control the propagation of these changes outside the system, i.c. in the
other systems of the SEM-HP.

When these actions are carried out they change the corresponding elements of the
hypermedia system. Because integrity should be guaranteed in any case, these opera-
tions should be carried out following a set of meta-restrictions. The specification of
these meta-restrictions implies a meta-level in the definition of the Systems.
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4 The Systems of the SEM-HP

Each of the systems of the SEM-HP can be defined by: a) one or more artefacts which
represent its particular vision of the conceptual and information domain, b) a set of
restrictions RT which control the construction and guarantee the consistency of these
artefacts and, c) a set of evolving actions AC, that allow changes to be made and
propagated in the hypermedia system. In next subsections we will define and describe
the different systems and their components. For better understanding, the previous
definitions are included in the appendix.

4.1 Knowledge System

The main objective of the Knowledge System is the storage, structuring and mainte-
nance of the different pieces of information. It is made up by a Memorisation Subsys-
tem and a Presentation Subsystem.

The Memorisation Subsystem allows the storage of selected knowledge for each
Domain Information —pages or documents-. It memorises information concerning the
whole Conceptual Domain —concepts and conceptual associations- (definition #),
which is managed in a particular information system. The elements to be managed are:
1. The Conceptual Structure (definition |8) which allows information items (definition

1) to be catalogued. The CS is formalised by a directed graph, CS = (C, 11, A, A)),

where C is the set of concepts, II is the set of information items, A, is the set of la-

belled conceptual associations, A; is the set of labelled associations between con-
cepts and information items.

2. The Information Items: the different pieces of information that can be used to con-
struct hyperdocuments. These information items will be expressed in one or more
possible language/s -such as text, sound, graphic, image, animation, execution or
hypermedia- and will have to be catalogued under one or several concepts of the
domain. They will also be labelled with one or several roles into a particular con-
text. They will have certain edition properties.

Because CS is constructed by the authors, dynamically, some evolution actions
AC., such as add-concept, delete-association, modify-association, add-item, etc. have
to be included. The actions must verify a set of restrictions RT in order to maintain the
consistency of the CS. These restrictions can be basic ones RT;, defined as a func-
tional part of the MS, or can also be defined by the author RT, — as described in the
3.2 section-. Therefore, the Memorisation Subsystem is defined as MS = (CS, RT,
AC.,), where CS is the previously defined, directed and labelled weakly connected
graph that represents the conceptual domain of a hypermedia system, RT is the set of
restrictions and AC,, is a set of evolving actions -see next section-.

The Presentation Subsystem determines the set of possible views of a specific Con-
ceptual and Information Domain. To some extent it establishes the possible views of
the hypermedia documents which can be built with the items of the Memorisation
Subsystem. The Presentation Subsystem, using as basis the CS of the Memorisation
System, allows a selection of a subset of the concepts and associations included in CS.
This graph, CS,, a subgraph of CS, CS, = (C,, II, A, Aj,), will be presented to the
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reader. The Conceptual substructrure chosen by the author must respect, absolutely,
all the restrictions (RT) set in the Memorisation System. Each time, the author change
the substructure, the system must check that the new conceptual and information Do-
main selected verifies the restrictions. For instance, figure 3 shows the subgraph CS,
chosen by the author, taking into account the Earth out associations.

cities

C2

Fig. 3. CS; selection of CS.

Therefore, the Presentation Subsystem is defined as PS = (CS,, RT, AC,,), where
CS, is a subset of the original CS, RT is the set of the same restrictions of the Memo-
risation Subsystem and AC,, is a set of evolving actions that allows the author to limit
or reduce the CS.

As a result, the Knowledge System stores the pieces of knowledge of the concep-
tual worlds that the author will use in his/her documents. This System permits the
specification author restrictions RT,. Using these restrictions the system can help the
author in creating and maintaining —guaranteeing its consistency- their conceptual and
information domains.

4.2 Navigation System

The Navigation System permits browsing and remembering the memorised knowl-
edge, adapting it to the characteristics and interaction of the reader. The Navigation
System permits the ordering of, in some form, the Conceptual Structure and the In-
formation Domain associated to it, both offered by the Presentation System.

We can consider navigation as the execution of a particular presentation. The
Navigation System has to take into account the following information at all times:

o First, the information item where the document reader is located at any moment,

e Second, the conceptual environment of the information item,

e Third, item information framework, i.e. the restrictions set that is true for an infor-
mation item.

Therefore, the Navigation System, using as basis the CS,, of the Presentation Sub-
system, can add more restrictions in order to follow more restricted paths in the sub-
graph. These restrictions or navigation rules RT,, are expressed formally using tempo-
ral logic. Considering the CS, and temporal restrictions, a Petri net can be automati-
cally constructed. As demonstrated in [|LO] and in [[15]], Petri nets give an operational
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semantics to temporal logic formulas allowing operational navigation. The algorithm
which constructs a Petri net from temporal logic formulas is explained in [[L0]. Sum-
ming up, the Navigation System is defined as NS= (CS,, RT,, PN, AC,,), where RT,
is the set of restrictions specified by the author by means of temporal logic, PN is the
Petri Net and AC,, is the set of evolving actions for adding, deleting or modifying
navigation restrictions.

Fig. 4. a) A Petri net from the CS,,, b) Petri net from CS,, and one navigation restriction RT,

The Navigation System models evolution using predicate temporal logic. It pro-
vides a meta-level with evolution actions which manage and change the navigation
restrictions. Navigation restrictions can be added, deleted or modified, and the meta-
restrictions of these operations can be established. In a similar way to the Knowledge
System, the consistency must be guaranteed during the evolution of the Navigation
System. In this system, changes can be produced in the navigation restrictions, RT,,
defined by the author, and therefore, in the PN obtained from them. For instance, from
the conceptual substructure CS,, the Navigation System can produce the Petri net of
the figure 4a. The author can add more restrictions: “the reader can only reach the
Portugal map item if the has visited the Countries.cities item”. Then the Navigation
System must generate a new Petri net —figure 4b-. Of course, all limitations are not
possible, for instance, all items selected in CS,, have to be reached and all conceptual
associations have to be fired —the system must verify this meta-restriction-.

4.3 Learning System

The last element of our model is the Learning System, which modifies navigation by
taking into account the type of information that the reader wants to achieve -the goals
of the reader- and/or knowledge that he wants to acquire or learn —achievements-.
Now, we are beginning to work in the development of this System as we wanted first
to have a prototype of the model.

S The SEM-HP Systems Functionality and Evolution

Up to now we have described the pieces of information that our model can use in
building a document, the properties that characterise them, their content, the concep-
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tual structure and the restrictions that control the structuring and navigation process.

In addition, the set of Evolving Actions and their preconditions, the Restrictions, pro-

vide conscious support for every one of previous components. Different formalisms —

the most suitable for each system- are used in order to specify the evolving actions and
their meta-restrictions.

The author, an expert in a domain, represents his complex domain/s of knowledge
using the Memorisation Subsystem. He/she creates his concepts, C, and associations
between concepts, A.. This knowledge will be used in characterising the different
information items II; the author associated these items with concept/s A;.

As a result, he/she builds the Conceptual Structure CS. In addition, the author de-
fines its restrictions in order to guide the constructions of the CS. During this process,
the Memorisation Subsystem must always guarantee its consistency. Two aspects of
this system can change, the CS —the graph- and the restrictions defined by the author.
Graph Theory is used to represent the evolving actions of the graph and their associ-
ated meta-restrictions. Changes in restrictions defined by the author, RT, must be
defined by means of meta-restrictions.

When the author changes the CS —add, delete or modify a concept, item or associa-
tion- the system must check:

1. The CS verifies the restrictions defined by the system and the associations satisfy
the set of restrictions defined by the author. The RT acts as a set of restrictions for
the actions, only if the action matches these restrictions, will it be carried out -
internal propagation of changes-.

2. The subgraph used by the Presentation Subsystem, CS,, is consistent with changes
in the CS. If a concept or association has been deleted in the CS, the PS must also
delete this concept or association in the CS, -external propagation of changes-.
When the author redefines —add, delete or modify- one associative restriction RT,,

the system must check:

1. The set of axioms about associations is valid, by means of predicate temporal logic.

2. The CS verifies the new set of restrictions, using graph theory. The system must
detect the associations that do not satisfy one or more restrictions and delete them -
internal propagation of changes-.

3. The CS, —the subgraph selected by the PS- verifies the new set of restrictions by
means of graph theory. The system must detect the associations that do not satisfy
these restrictions and delete them -external propagation of changes-.

In addition, the author can select a particular subgraph CS, from one Conceptual
Structure CS using the Presentation Subsystem. In a similar way to the Memorisation
Subsystem, the consistency must be guaranteed during the evolution of the Presenta-
tion Subsystem. In this system, changes can be produced in the subgraph selected CS,,.
When the CS,, is changed —the author select another set of concepts and associations-
the subsystem must check:

1. The CS, verifies the restrictions defined by the system and the associations satisfy
the set of restrictions defined by the author.

2. A new view or presentation is defined. In this case, the author must define again the
navigation restrictions. This change is not a real evolution, the author is designing a
new view of the information and, therefore, new navigation possibilities, but if
these possibilities are defined in an incremental way, the system can aid the author
in the design process -external propagation of changes-.
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Finally, the author defines their navigation restrictions RT, and the Navigation
System must guarantee the consistency again. When the author redefines —add, delete
or modify- a navigation restriction, RT,, the system must check:

1. The set of restrictions that establish the order of navigation is consistent. Predicate
temporal logic is used to specify the evolution operations over the restrictions, and
their associated meta-restrictions.

2. The navigation restrictions have changed. Changes in a restriction can imply the
modification of other restrictions. The PN based on the navigation restrictions must
evolve, generating it again -internal propagation of changes-.

Knowledge System Navigation System

2

2

esentation Subsyster,

=y

Systen
: QNE'T’%

emorisation Sub:

ot

Fig. 5. Evolution: the evolving actions and their propagation.

To sum up, restrictions defined by the system, RT; or by the author, RT, are asso-
ciated to the conceptual structure CS (1). Evolution can be carried out in the concep-
tual structure, CS (5), in RT, by means of predicate logic (6) and in RT, using predi-
cate temporal logic (8). When RT, is modified CS could also change (7). PN evolves
being reconstructed from RT, (4). The evolution in the Memorisation Subsystem is
also propagated to the Presentation Subsystem (2) and, later, to the Navigation system

3).

6 Conclusions and Further Work

Traditional hypermedia reference models shows that they are not able to represent the
development, maintenance and navigation processes of an information system in con-
tinuous evolution. We have proposed a SEM-HP model composed of some interre-
lated and interacting systems: Knowledge —made of Memorisation and Presentation
Subsystems-, Navigation and Learning, where an explicit representation of the pro-
vided knowledge is carried out.

Each System redefines or restricts the knowledge base -which is stable for the
reader but dynamic for the author or authoring tool- provided by the Memorisation
Subsystem by means of a set of Restrictions. In addition, the SEM-HP model supports
different formalisms —graph theory and temporal logic-, which allow the specification
of the evolving actions and the propagation of the changes in order to maintain the
integrity of the systems. The Learning System is optional but, if present, it offers an
optimisation of the knowledge acquisition process, which is very useful in educational
systems. The explicit representation of the semantic structure drives the development,
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maintenance and navigation processes of information systems. Consequently each
system, basing on semantics, evolves —restructures the knowledge base- and makes the
rest of the systems evolve.

Using the SEM-HP model and its specification formal, we are working in the con-
struction of a prototype in Java and XML. In the near future we will improve the
model specifying and formalising the Learning System.
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Appendix: Glossary

1. An Information Item is any piece of identified information, which represents a
conceptual unit in the information system. Each information item has a set of prop-
erties describing the type and functionality of the information it contains.

2. A Property of an information item is an associated attribute which describes the
type, function and behaviour of the information that the information item contains.

3. A Concept is an idea, thought or abstraction which can be labelled by the author in
order to make explicit his knowledge and understanding, i.e. a concept is a labelled
idea.

4. A Conceptual Domain is the set of concepts to which the different information
items in a hypermedia system may refer.

5. An Information Domain is the set of information items identified by concepts be-
longing to a certain Conceptual Domain.

6. An information item may play different Roles in the context of an information sys-
tem. From the author’s point of view, an item may play a certain role in the context,
but for the reader, it follows a link with the aim of reaching a certain type of infor-
mation about a specific concept.

7. The Specialisation Level or version is a property of an information item that deter-
mines the level of specialisation of the information contained in the item.

8. A Conceptual Structure CS of a Conceptual Domain is a graph of labelled concepts
which maintains information about a) associations between concepts, and b) asso-
ciations between concepts and information items.

9. A Reference Conceptual Association is a labelled association between two con-
cepts, members of a Conceptual Domain.

10.A Dependency Conceptual Association is a labelled association that is independent
of the considered Conceptual Domain {partOf, kindOf and isA}.

11.A Concept Environment is the set of concepts that are related to a specific concept.

12.Restrictions are the set of conditions or rules that constrain the conceptual and
information associations. They guarantee the consistency of the different artefacts
of the Systems and carry out the function of preconditions to evolving actions.

13.An information item framework is the set of restrictions that holds when an item is
achieved. It limits or constrains the set of information items that can be further as-
sociated with it.

14.An evolving action is the set of operations that can change the artefacts and re-
strictions of the different Systems. An evolving action must verify a set of restric-
tions and, in this way, guarantee the consistency of the System and carry out propa-
gation of the change inside and outside the System.
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15.The Memorisation Subsystem is a subsystem of the Knowledge System. It estab-
lishes the raw material used in building the hypermedia system. It includes two
main components: information items and conceptual structure. Other basics com-
ponents of this subsystem are the dictionaries of concepts, reference associations
between concepts, and roles.

16.The Presentation Subsystem is one of the subsystems of the Knowledge System of
a hypermedia system. It allows the selection of subsets of a Conceptual Structure in
order to determine the hypermedia document which will be shown by means of the
Navigation System.

17.The Knowledge System is one of the Systems that models a hypermedia system. It
provides information items, their categorisation and the basic rules to establish their
possible associations. It is made up by the Memorisation and Presentation subsys-
tems.

18.The Navigation System is one of the Systems that models a hypermedia system. It
constrains or filters the set of possible presentations with the aim of choosing a sub-
set of them. It uses the restrictions provided by the Presentation Subsystem and the
selfsame Navigation System.

19.The Learning System is one of the Systems that models a hypermedia system. It
allows the evaluation and modification of the Navigation System, taking into ac-
count the goals and achievements proposed by the reader at each moment.

20.A Goal is a set of information items that the reader wants to achieve.

21.An Achievement is a set of pieces of knowledge that the reader wants to acquire or
learn. They can be defined using the Conceptual Structure.

22.A Hypermedia System under a SEM-HP model based on systems is a set of inter-
related and interacting systems called a Knowledge System -composed by the
Memorisation and Presentation Subsystems-, a Navigation System and a Learning
System, which allows: a) easy and flexible development and maintenance of hy-
permedia documents, b) representation of the conceptual structure and dependen-
cies between them, ¢) more than one representation of the information system —of a
set of possible representations - and, d) dynamic navigation where multitarget,
multiproposal navigation with structural contextualisation is possible.

23.A Hypermedia Document or Hyperdocument built with a SEM-HP model is a
subset of information items and possible associations between them determined by
the Navigation System according to a set of restrictions which it verifies at each
moment.
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